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Status of This Menop

Thi s docunment specifies an Internet standards track protocol for the
Internet conmunity, and requests di scussion and suggestions for

i nprovenents. Please refer to the current edition of the "Internet
O ficial Protocol Standards" (STD 1) for the standardization state
and status of this protocol. Distribution of this meno is unlimnited.

Abstract

Thi s docunent specifies ROHC (Robust Header Conpression) profiles
that efficiently conpress RTP/UDP/I P (Real - Ti me Transport Protocol,
User Datagram Protocol, Internet Protocol), RTP/UDP-Lite/lP (User
Dat agram Protocol Lite), UDP/IP, UDP-Lite/lIP, IP and ESP/IP
(Encapsul ating Security Payl oad) headers.

This specification defines a second version of the profiles found in
RFC 3095, RFC 3843 and RFC 4019; it supersedes their definition, but
does not obsol ete them

The ROHCv2 profiles introduce a nunmber of sinplifications to the

rul es and al gorithms that govern the behavior of the conpression
endpoints. It also defines robustness nechanisnms that may be used by
a conpressor inplenmentation to increase the probability of

deconpr essi on success when packets can be | ost and/or reordered on
the ROHC channel. Finally, the ROHCv2 profiles define their own
specific set of header formats, using the ROHC fornal notation.
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1.

| nt roducti on

The ROHC WG has devel oped a header conpression franmework on top of

whi ch various profiles can be defined for different protocol sets or
conpression requirements. The ROHC framework was first docunmented in
[ RFC3095], together with profiles for conpression of RTP/ UDP/IP

(Real -Ti ne Transport Protocol, User Datagram Protocol, |nternet
Protocol), UDP/IP, IP and ESP/IP (Encapsul ating Security Payl oad)
headers. Additional profiles for conpression of |IP headers [ RFC3843]
and UDP-Lite (User Datagram Protocol Lite) headers [RFC4019] were

| ater specified to conplete the initial set of ROHC profil es.

Thi s docunent defines an updated version for each of the above
mentioned profiles, and the definitions depend on the ROHC franmework
as found in [RFC4995]. The franework is required reading to
understand the profile definitions, rules, and their role.

Specifically, this docunent defines header conpression schenes for

o RTP/ UDP/ I P . profile 0x0101
o UDP/I P : profile 0x0102
o ESP/IP . profile 0x0103
olP . profile 0x0104
o RTP/UDP-Lite/lP : profile 0x0107
o UDP-Lite/lP . profile 0x0108

Each of the profiles above can conpress the foll ow ng type of
ext ensi on headers:

o AH [ RFC4302]
0 GRE [ RFC2784] [ RFC2890]
0o M NE [ RFC2004]
0 |Pv6 Destination Options header[ RFC2460]
0 | Pv6 Hop-by-hop Options header[ RFC2460]
0 |Pv6 Routing header [RFC2460]
Ter ni nol ogy
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",

"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].
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Thi s docunment is consistent with the term nology found in the ROHC
framework [ RFC4995] and in the formal notation for ROHC [ RFC4997] .
In addition, this docunment uses or defines the follow ng terns:

Acknow edgnent Numnber

The Acknow edgment Nunber identifies what packet is being
acknow edged in the RoHCv2 feedback el ement (See Section 6.9).
The value of this field normally corresponds to the Master
Sequence Nunber (MSN) of the header that was |ast successfully
deconpressed, for the conpression context (CID) for which the
f eedback information applies.

Chai ning of Iltens

A chain of itens groups fields based on simlar characteristics.
ROHCv2 defines chain itens for static, dynamic and irregular
fields. Chaining is achieved by appending an itemto the chain
for each header in its order of appearance in the unconpressed
packet. Chaining is useful to construct conpressed headers from
an arbitrary nunber of any of the protocol headers for which a
ROHCv2 profile defines a conpressed format.

CRC-3 Control Fields Validation

The CRC-3 control fields validation refers to the validation of
the control fields. This validation is performed by the
deconpressor when it receives a Conpressed (CO header that
contains a 3-bit Cyclic Redundancy Check (CRC) cal cul ated over
control fields. This 3-bit CRC covers controls fields carried in
the CO header as well as specific control fields in the context.
In the formal definition of the header formats, this 3-bit CRCis
| abel ed "control _crc3" and uses the control _crc3_encodi ng (See

al so Section 6.6.11).

Del ta

The delta refers to the difference in the absolute value of a
field between two consecutive packets being processed by the sane
conpr essi on endpoi nt.

Reor dering Depth

The nunber of packets by which a packet is received late within
its sequence due to reordering between the conpressor and the
deconpressor, i.e., reordering between packets associated with the
sanme context (CID). See the definition of sequentially late
packet bel ow.
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ROHCv2 Header Types

ROHCv2 profiles use two different header types: the Initialization
and Refresh (I R) header type, and the Conpressed (CO header type.

Sequentially Early Packet

A packet that reaches the deconpressor before one or severa
packets that were del ayed over the channel, where all of the said
packets belong to the same header-conpressed flow and are

associ ated to the sane conpression context (CID). At the tinme of
the arrival of a sequentially early packet, the packet(s) del ayed
on the link cannot be differentiated fromlost packet(s).

Sequentially Late Packet

A packet is late within its sequence if it reaches the
deconpressor after one or several other packets belonging to the
sanme Cl D have been received, although the sequentially |ate packet
was sent fromthe conpressor before the other packet(s). How the
deconpressor detects a sequentially |ate packet is outside the
scope of this specification, but it can for exanple use the MSN
for this purpose.

Timestanp Stride (ts_stride)

The tinmestanp stride (ts_stride) is the expected increase in the
ti mestanp val ue between two RTP packets with consecutive sequence
nunbers. For exanple, for a nedia encoding with a sanple rate of
8 kHz producing one frame every 20 ns, the RTP tinmestanp wll
typically increase by n * 160 (= 8000 * 0.02), for sone integer n.

Time Stride (tinme_stride)
The tinme stride (tine_stride) is the tine interval equivalent to

one ts_stride, e.g., 20 ns in the exanple for the RTP tinestanp
i ncrenment above.
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3.

4.

Acronyns

This section lists nost acronyns used for reference, in addition to
t hose defined in [ RFC4995].

AH Aut henti cati on Header.

ESP Encapsul ati ng Security Payl oad.

GRE Generic Routing Encapsul ation.

FC Ful | Context state (deconpressor).

| P I nternet Protocol.

LSB Least Significant Bits.

M NE M ni mal Encapsul ation in |P.

VEB Most Significant Bits.

VSN Mast er Sequence Number.

NC No Context state (deconpressor).

QA Optim stic Approach

RC Repair Context state (deconpressor).

ROHC Header conpression framework (RFC 4995).

ROHCv 2 Set of header conpression profiles defined in this docunent.

RTP Real -time Transport Protocol

SSRC Synchroni zation source. Field in RTP header

CSRC Contributing source. The RTP header contains an optiona
list of contributing sources.

TC Traffic Class. Field in the IPv6 header. See also TOS

TGOS Type O Service. Field in the IPv4 header. See also TC

TS RTP Ti mest anp.

TTL Time to Live. Field in the |IPv4 header

UDP User Dat agram Pr ot ocol

UDP- Lite User Datagram Protocol Lite.
Background (I nformative)

This section provides background i nformation on the conpression
profiles defined in this docunent. The fundanentals of genera

header compression and of the ROHC framework may be found in sections
3 and 4 of [RFC4995], respectively. The fundanentals of the fornmal
notation for ROHC are defined in [ RFC4997]. [RFC4224] describes the
i npacts of out-of-order delivery on profiles based on [ RFC3095].

1. dassification of Header Fields

Section 3.1 of [RFC4995] expl ains that header conpression is possible
due to the fact that there is nmuch redundancy between field val ues
within the headers of a packet, especially between the headers of
consecutive packets.

Appendix A lists and classifies in detail all the header fields
relevant to this docunent. The appendi x concludes with
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recommendati ons on how the various fields should be handl ed by header
conpression al gorithns.

The main conclusion is that nost of the header fields can easily be
conpressed away since they never or seldomchange. A small nunber of

fi el ds however need nore sophisticated nechani sns.

These fields are:

- IPv4 Identification (16 bits) - IP-1D

- ESP Sequence Number (32 bits) - ESP SN

- UDP Checksum (16 bits) - Checksum
- UDP-Lite Checksum (16 bits) - Checksum
- UDP-Lite Checksum Coverage (16 bits) - CCov

- RTP Mar ker (1 bit ) - Mbit

- RTP Sequence Numnber (16 bits) - RTP SN

- RTP Ti nmest anp (32 bits) - TS

In particular, for RTP, the analysis in Appendix A reveals that the
val ues of the RTP Tinestanp (TS) field usually have a strong
correlation to the RTP Sequence Number (SN), which increnents by one
for each packet emitted by an RTP source. The RTP Mbit is expected
to have the sanme value nost of the tinme, but it needs to be

comuni cated explicitly on occasion.

For UDP, the Checksum field cannot be inferred or recal cul ated at the
receiving end without violating its end-to-end properties, and is
thus sent as-is when enabled (mandatory with I Pv6). The sanme applies
to the UDP-Lite Checksum (nandatory with both IPv4 and I Pv6), while
the UDP-Lite Checksum Coverage may in some cases be conpressible.

For IPv4, a simlar correlation as that of the RTP TS to the RTP SN
is often observed between the Identifier field (IP-1D) and the nmaster
sequence nunber (MSN) used for conpression (e.g., the RTP SN when
conpr essi ng RTP headers).

4.2. Inprovenents of ROHCv2 over RFC 3095 Profiles

The ROHCv2 profil es can achi eve conpression efficiency and robust ness
that are both at |east equivalent to RFC 3095 profiles [ RFC3095],
when used under the same operating conditions. |In particular, the
size and bit layout of the smallest conpressed header (i.e., PT-0
format WO 0 in RFC 3095, and pt_0 _crc3 in ROHCv2) are identical.

There are a nunber of differences and i nprovenents between profiles
defined in this docunent and their earlier version defined in RFC
3095. This section provides an overvi ew of sone of the nost
significant inprovenents:
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Tol erance to reordering

Profiles defined in RFC 3095 require that the channel between
conmpr essor and deconpressor provide in-order delivery between
conpr essi on endpoi nts. ROHCv2 profiles, however, can handl e
robustly and efficiently a limted anbunt of reordering after the
conpression point as part of the conpression algorithmitself. In
addition, this inproved support for reordering rmakes it possible
for ROHCv2 profiles to handle prelink reordering nore efficiently.

Qperational |ogic

Profiles in RFC 3095 define nultiple operational nodes, each with
di fferent updating | ogic and conpressed header formats. ROHCv2
profiles operate in unidirectional operation until feedback is
first received for a context (CID), at which point bidirectional
operation is used; the formats are i ndependent of what operati onal
| ogic is used.

ext ensi on header

Profiles in RFC 3095 conpress | P Extension headers using |ist
conpression. ROHCv2 profiles instead treat extension headers in

t he sane manner as other protocol headers, i.e., using the

chai ning mechani sm it thus assumes that extension headers are not
added or renoved during the lifetine of a context (ClD), otherw se
conpression has to be restarted for this flow

encapsul ati on
Profiles in RFC 3095 can conpress at nost two levels of IP

headers. ROHCv2 profiles can conpress an arbitrary nunber of IP
headers.

Li st conpression

ROHCv2 profiles do not support reference-based |ist conpression.

Robust ness and repairs

ROHCv2 profiles do not define a format for the IR DYN packet;

i nstead, each profile defines a conpressed header that can be used
to performa nore robust context repair using a 7-bit CRC
verification. This also inplies that only the IR header can
change the association between a CID and the profile it uses.
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Pel

Feedback

ROHCv2 profiles mandate a CRC in the format of the FEEDBACK- 2,
while this is optional in RFC 3095. A different set of feedback
options is also used in ROHCv2 conpared to RFC 3095.

Operational Characteristics of ROHCv2 Profiles
Robust header conpression can be used over different |ink
technol ogies. Section 4.4 of [RFC4995] lists the operati onal
characteristics of the ROHC channel. The ROHCv2 profil es address a
wi de range of applications, and this section sunmarizes sone of the
operational characteristics that are specific to these profiles.
Packet |ength
ROHCv2 profiles assunme that the |ower |ayer indicates the | ength
of a conpressed packet. ROHCv2 conpressed headers do not contain
length information for the payl oad.
Qut - of - order delivery between conpression endpoints

The definition of the ROHCv2 profiles places no strict requirenent

on the delivery sequence between the conpression endpoints, i.e.
packets nmay be received in a different order than the conpressor
has sent themand still have a fair probability of being

successful | y deconpressed.

However, frequent out-of-order delivery and/or significant
reordering depth will negatively inpact the conpression
efficiency. More specifically, if the conpressor can operate
using a proper estimate of the reordering characteristics of the
pat h between the conpression endpoints, |arger headers can be sent
nore often to increase the robustness agai nst deconpression
failures due to out-of-order delivery. Qherw se, the conpression
efficiency will be inpaired froman increase in the frequency of
deconpression failures and recovery attenpts.

Overview of the ROHCv2 Profiles (Informative)

This section provides an overvi ew of concepts that are inportant and
useful to the ROHCv2 profiles. These concepts nmay be used as

gui deli nes for inplenentations but they are not part of the normative
definition of the profiles, as these concepts relate to the
conpression efficiency of the protocol without inpacting the
interoperability characteristics of an inplenmentation.
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5.1. Conpressor Concepts

Header conpression can be conceptually characterized as the
interaction of a conpressor with a deconpressor state machi ne, one
per context. The responsibility of the conpressor is to convey the
i nformati on needed to successfully deconpress a packet, based on a
certain confidence regarding the state of the deconpressor context.

This confidence is obtained fromthe frequency and the type of

i nformation the conpressor sends when updating the deconpressor
context fromthe optinistic approach (Section 5.1.1), and optionally
from f eedback nmessages (See Section 6.9), received fromthe

deconpr essor.

5.1.1. Optimstic Approach

A conpressor always uses the optim stic approach when it perforns
context updates. The conpressor normally repeats the sane type of

update until it is fairly confident that the deconpressor has
successfully received the information. |If the deconpressor
successfully receives any of the headers containing this update, the
state will be available for the deconpressor to process snaller

conpr essed headers.

If field X in the unconpressed header changes val ue, the conpressor
uses a header type that contains an encoding of field X until it has
gai ned confidence that the deconpressor has received at |east one
packet containing the new value for X. The conpressor normally
selects a conpressed format with the small est header that can convey
t he changes needed to achi eve confi dence.

The nunber of repetitions that is needed to obtain this confidence is
normal ly related to the packet |oss and out-of-order delivery
characteristics of the |ink where header conpression is used; it is
thus not defined in this docunment. It is outside the scope of this
specification and is left to inplenentors to decide.

5.1.2. Tradeoff between Robustness to Losses and to Reordering

The ability of a header conpression algorithmto handl e sequentially

| ate packets is mainly linited by two factors: the interpretation
interval offset of the sliding wi ndow used for |sb encoded fields

[ RFC4997], and the optim stic approach (See Section 5.1.1) for seldom
changi ng fi el ds.
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| sb encoded fields:

The interpretation interval offset specifies an upper limt for
the maxi mum reordering depth, by which is it possible for the
deconpressor to recover the original value of a dynamcally
changing (i.e., sequentially increnenting) field that is encoded
usi ng a wi ndow based |sb encoding. |Its value is typically bound
to the nunber of |sb conpressed bits in the conpressed header
format, and thus grows with the nunber of bits transnmitted.
However, the offset and the Isb encoding only provide robustness
for the field that it conpresses, and (inplicitly) for other
sequentially changing fields that are derived fromthat field.

This is shown in the figure bel ow

<--- interpretation interval (size is 2"k) ---->
| o TR L L LR |
v_ref-p v_ref v_ref + (2"k-1) - p
Lower Upper
Bound Bound
<--- reordering --> <--------- | osses --------- >

where p is the nmaxi mum negative delta, corresponding to the
maxi mum reordering depth for which the |sb encoding can recover
the original value of the field,

where (2"k-1) - p is the maxi mum positive delta, corresponding
to the nmaxi mum nunber of consecutive | osses for which the Isb
encodi ng can recover the original value of the field;

where v_ref is the reference value, as defined in the Isb
encodi ng nmet hod in [ RFC4997].

There is thus a tradeoff between the robustness against reordering
and the robustness agai nst packet | osses, with respect to the
number of MSN bits needed and the distribution of the
interpretation interval between negative and positive deltas in
the MSN

Sel dom changi ng fi el ds

The optimstic approach (Section 5.1.1) provides the upper limt
for the maxi numreordering depth for sel dom changing fields.

There is thus a tradeoff between conpression efficiency and

robustness. \When only information on the MSN needs to be conveyed to
t he deconpressor, the tradeoff relates to the nunber of conpressed
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MBN bits in the conpressed header format. O herw se, the tradeoff
relates to the inplenentation of the optimstic approach

In particular, conpressor inplenmentations should adjust their
optimistic approach strategy to match both packet |oss and reordering
characteristics of the Iink over which header conpression is applied.
For exanpl e, the nunber of repetitions for each update of a non-Isb
encoded field can be increased. The conpressor can ensure that each
update is repeated until it is reasonably confident that at |east one
packet containing the change has reached the deconpressor before the
first packet sent after this sequence.

5.1.3. Interactions with the Deconpressor Context

The conpressor normally starts conpression with the initial
assunption that the deconpressor has no useful infornmation to process
the new flow, and sends Initialization and Refresh (I R) packets.

Initially, when sending the first IR packet for a conpressed fl ow,
the conpressor does not expect to receive feedback for that flow,
until such feedback is first received. At this point, the conpressor
may then assunme that the deconpressor will continue to send feedback
in order to repair its context when necessary. The fornmer is
referred to as unidirectional operation, while the latter is called
bi di recti onal operation

The conpressor can then adjust the conpression |evel (i.e., what
header format it selects) based on its confidence that the
deconpressor has the necessary information to successfully process
the conpressed headers that it sel ects.

In other words, the responsibilities of the conpressor are to ensure
that the deconpressor operates with state information that is
sufficient to successfully deconpress the type of conpressed
header(s) it receives, and to all ow the deconpressor to successfully
recover that state information as soon as possible otherwi se. The
conpressor therefore selects the type of conpressed header based on
the followi ng factors:

0 the outcone of the encodi ng nethod applied to each field;

0 the optimstic approach, with respect to the characteristics of
t he channel

0 the type of operation (unidirectional or bidirectional), and if in

bi di recti onal operation, feedback received fromthe deconpressor
(ACKs, NACKs, STATIC NACK, and options).
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Encodi ng nmet hods normal |y use previous value(s) froma history of
packets whose headers it has previously conpressed. The optimstic
approach is neant to ensure that at |east one conpressed header
containing the information to update the state for a field is
received. Finally, feedback indicates what actions the deconpressor
has taken with respect to its assunptions regarding the validity of
its context (Section 5.2.2); it indicates what type of conpressed
header the deconpressor can or cannot deconpress.

The deconpressor has the nmeans to detect deconpression failures for
any conpressed (CO header format, using the CRC verification.
Dependi ng on the frequency and/or on the type of the failure, it

m ght send a negative acknow edgenent (NACK) or an explicit request
for a conplete context update (STATIC NACK). However, the
deconpressor does not have the neans to identify the cause of the
failure, and in particular the deconpression of what field(s) is
responsible for the failure. The conpressor is thus al ways
responsi ble for deternmining the nost suitable response to a negative
acknow edgenent, using the confidence it has in the state of the
deconpressor context, when selecting the type of conpressed header it
will use when conpressing a header

5.2. Deconpressor Concepts

The deconpressor nornmally uses the | ast received and successfully
val i dated (IR packets) or verified (CO packets) header as the
reference for future deconpression

The deconpressor is responsible for verifying the outcone of every
deconpression attenpt, to update its context when successful, and
finally to request context repairs by making coherent usage of
feedback once it has started using feedback

Specifically, the outcone of every deconpression attenpt is verified
using the CRC present in the conpressed header; the deconpressor
updates the context information when this outconme is successfully
verified; finally, if the deconpressor uses feedback once for a
conpressed flow, then it will continue to do so for as long as the
correspondi ng context is associated with the same profile.

5.2.1. Deconpressor State Machine
The deconpressor operation may be represented as a state machi ne
defining three states: No Context (NC), Repair Context (RC), and Ful
Context (FC).

The deconpressor starts without a valid context, the NC state. Upon
receiving an IR packet, the deconpressor validates the integrity of
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its header using the CRC-8 validation. If the IR header is
successfully validated, the deconpressor updates the context and uses
this header as the reference header, and noves to the FC state. Once
the deconpressor state machi ne has entered the FC state, it does not
normal |y | eave; only repeated deconpression failures will force the
deconpressor to transit downwards to a | ower state. Wen context
damage is detected, the deconpressor noves to the repair context (RC
state, where it stays until it successfully verifies a deconpression
attenpt for a conpressed header with a 7-bit CRC or until it
successfully validates an IR header. When static context damage is
detected, the deconpressor noves back to the NC state.

Below is the state nachine for the deconpressor. Details of the
transitions between states and deconpression logic are given in the
sub-sections follow ng the figure.

CRC-8(1R) Validation

+o-mo- Seanan- Seanan- Seanan- Seanan- Seanan- Seanan- Seanan- Seaan- Seanan- >o .- -+
| CRC-8(I R |
| 'CRC-8(IR) or CRC-7(CO or or CRC-7(CO |
| PT not allowed CRC-8(I1 R or CRC-3(CO |
| +--->-- -+ Fom > a oo - R >----- S R SRR S S
|| I I | ||
| \Y; | v o vV Vv
Fom e e e o oo T R oty +
| No Context (NC) | | Repair Context (RC) | | Full Context (FC |
Fom e e e o oo T R oty +
NN Static Context | M TCRG-7(CO or | N Context Damage | |
| | Damage Detected | | PT not allowed | | Detected | |
| +--<----- <mm - G <-mmmt - a<e-- - <-mm-- <--+ |
I I
| Static Context Danmage Detected |
oo <emm o <-m--- <-m--- <-m--- <emem-- <-m--- <-m--- <----- - +
wher e:
CRC-8(1R . Successful CRC-8 validation for the IR header.
ICRC-8(1R) . Unsuccessful CRC-8 validation for the IR header.
CRC-7(CO and/ or
CRC- 3(CO . Successful CRC verification for the deconpression

of a CO header, based on the nunber of CRC bits
carried in the CO header.

I CRC- 7( CO : Failure to CRC verify the deconpression of a CO
header carrying a 7-bit CRC.
PT not al |l owed . The deconpressor has received a packet type (PT)

for which the deconpressor’s current context does
not provide enough valid state information to
deconpress the packet.
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Static Context Damage Detected: See definition in Section 5.2.2.
Cont ext Danage Detected: See definition in Section 5.2.2.
5.2.1.1. No Context (NC) State

Initially, while working in the No Context (NC) state, the
deconpr essor has not yet successfully validated an | R header.

At tenpting deconpression:

In the NC state, only packets carrying sufficient information on
the static fields (i.e., IR packets) can be deconpressed.

Upward transition:

The decompressor can nove to the Full Context (FC) state when the
CRC validation of an 8-bit CRC in an IR header is successful.

Feedback | ogi c:

In the NC state, the deconpressor should send a STATIC-NACK if a
packet of a type other than IR is received, or if an IR header has
failed the CRC-8 validation, subject to the feedback rate
linmtation as described in Section 5.2.3.

5.2.1.2. Repair Context (RC) State
In the Repair Context (RC) state, the deconpressor has successfully
deconpr essed packets for this context, but does not have confidence
that the entire context is valid.

At tenpting deconpression:

In the RC state, only headers covered by an 8-bit CRC (i.e., IR
or CO headers carrying a 7-bit CRC can be deconpressed.

Upward transition:
The decompressor can nove to the Full Context (FC) state when the

CRC verification succeeds for a CO header carrying a 7-bit CRC or
when validation of an 8-bit CRC in an IR header succeeds.

Downward transition:

The deconpressor noves back to the NC state if it assunes static
cont ext damage.
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Feedback | ogi c:

In the RC state, the deconpressor should send a STATI C- NACK when
CRC-8 validation of an IR header fails, or when a CO header
carrying a 7-bit CRC fails and static context damage is assuned,
subject to the feedback rate linitation as described in

Section 5.2.3. If any other packet type is received, the
deconpressor should treat it as a CRC verification failure to
determine if NACK is to be sent.

5.2.1.3. Full Context (FC) State

5.

2.

In the Full Context (FC) state, the deconpressor assunes that its
entire context is valid.

Attenpting deconpression

In the FC state, deconpression can be attenpted regardl ess of the
type of packet received.

Downward transition

The deconpressor nmoves back to the RC state if it assunes context
damage. |If the deconpressor assunes static context damage, it
noves directly to the NC state.

Feedback | ogi c:

In the FC state, the deconpressor should send a NACK when CRC-8
validation or CRC verification of any header type fails and if
context danage is assunmed, or it should send a STATIC NACK if
static context damage is assuned; this is subject to the feedback
rate limtation described in Section 5.2.3.

2. Deconpressor Context Managenent

Al'l header formats carry a CRC and are context updating. A packet
for which the CRC succeeds updates the reference values of all header
fields, either explicitly (fromthe information about a field carried
within the conpressed header) or inplicitly (fields inferred from

ot her fields).

The deconpressor nmay assume that sonme or the entire context is
invalid, when it fails to validate or to verify one or nore headers
using the CRC. Because the deconpressor cannot know the exact
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reason(s) for a CRC failure or what field caused it, the validity of
t he context hence does not refer to what specific part(s) of the
context is deenmed valid or not.

Validity of the context rather relates to the detection of a problem
with the context. The deconpressor first assumes that the type of
information that nost likely caused the failure(s) is the state that
normal |y changes for each packet, i.e., context damage of the dynanic
part of the context. Upon repeated deconpression failures and
unsuccessful repairs, the deconpressor then assunes that the entire
context, including the static part, needs to be repaired, i.e.,
static context damage. Failure to validate the 3-bit CRC that
protects control fields should be treated as a deconpression failure
when the deconpressor asserts the validity of its context.

Cont ext Danmge Detection

The assunption of context damage neans that the deconpressor wll
not attenpt deconpression of a CO header that carries only a 3-bit
CRC, and will only attenpt deconpression of IR headers or CO
headers protected by a CRC 7.

Static Context Danmage Detection

The assunption of static context danage nmeans that the
deconpressor refrains fromattenpti ng deconpressi on of any type of
header other than the IR header.

How t hese assunptions are nade, i.e., how context damage is detected,
is open to inplenentations. It can be based on the residual error
rate, where a low error rate nakes the deconpressor assunme danage
nore often than on a high rate |ink

The deconpressor inplenents these assunptions by selecting the type
of conpressed header for which it will attenpt deconpression. In
other words, validity of the context refers to the ability of a
deconpressor to attenpt (or not) deconpression of specific packet

t ypes.

When ROHCv2 profiles are used over a channel that cannot guarantee

i n-order delivery, the deconpressor nay refrain fromupdating its
context with the content of a sequentially |ate packet that is
successfully deconpressed. This is to avoid updating the context
with information that is older than what the deconpressor already has
inits context.
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5.

6.

6.

2.3. Feedback Logic

ROHCv2 profiles may be used in environnents with or w thout feedback
capabilities from deconpressor to conpressor. ROHCv2 however assumnes
that if a ROHC feedback channel is available and if this channel is
used at |east once by the deconpressor for a specific context, this
channel will be used during the entire conpression operation for that
context (i.e., bidirectional operation).

The ROHC framework defines 3 types of feedback nessages: ACKs, NACKs,
and STATI C-NACKs. The senmantics of each nessage is defined in
Section 5.2.4.1. of [RFC4995]. What feedback to send is coupled with
the context managenent of the deconpressor, i.e., with the

i npl enent ati on of the context damage detection algorithns as
described in Section 5.2.2.

The deconpressor should send a NACK when it assumes context damage,
and it should send a STATI C-NACK when it assunes static context
damage. The deconpressor is not strictly expected to send ACK

f eedback upon successful deconpression, other than for the purpose of
i mprovi ng conpression efficiency.

When ROHCv2 profiles are used over a channel that cannot guarantee
i n-order delivery, the deconpressor may refrain from sendi ng ACK
feedback for a sequentially |ate packet that is successfully
deconpr essed.

The deconpressor should linit the rate at which it sends feedback
for both ACKs and STATI C- NACK/ NACKs, and shoul d avoi d sendi ng
unnecessary duplicates of the sanme type of feedback nessage that may
be associated with the sane event.

ROHCv2 Profiles (Normative)
1. Channel Paraneters, Segmentation, and Reordering

The conpressor MJUST NOT use ROHC segnentation (see Section 5.2.5 of
[ RFC4995]), i.e., the Maxi num Reconstructed Reception Unit (MRRU)
MJUST be set to 0, if the configuration of the ROHC channel contains
at | east one ROHCv2 profile in the list of supported profiles (i.e.,
t he PROFI LES paraneter) and if the channel cannot guarantee in-order
delivery of packets between conpression endpoints.
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6.2. Profile Operation, Per-context

ROHCv2 profiles operate differently, per context, dependi ng on how

t he deconpressor nmakes use of the feedback channel, if any. Once the
deconpr essor uses the feedback channel for a context, it establishes
t he feedback channel for that C D

The conpressor always starts with the assunption that the
deconpressor will not send feedback when it initializes a new context
(see also the definition of a new context in Section 5.1.1. of

[ RFC4995], i.e., there is no established feedback channel for the new
context. At this point, despite the use of the optinistic approach
deconpression failure is still possible because the deconpressor nay
not have received sufficient information to correctly deconpress the
packets; therefore, until the deconpressor has established a feedback
channel, the conpressor SHOULD periodically send IR packets. The
periodicity can be based on tinmeouts, on the nunber of conpressed
packets sent for the flow, or any other strategy the inplenenter
chooses.

The reception of either positive feedback (ACKs) or negative feedback
(NACKs or STATI C- NACKs) fromthe deconpressor establishes the

f eedback channel for the context (CID) for which the feedback was
received. Once there is an established feedback channel for a
specific context, the conpressor can nake use of this feedback to
estimate the current state of the deconpressor. This helps to

i ncrease the conmpression efficiency by providing the information
needed for the conpressor to achieve the necessary confidence |evel
Wien the feedback channel is established, it becomes superfluous for
the conpressor to send periodic refreshes, and instead it can rely
entirely on the optimstic approach and feedback fromthe

deconpr essor.

The deconpressor MAY send positive feedback (ACKs) to initially
establish the feedback channel for a particular flow Either
positive feedback (ACKs) or negative feedback (NACKs or STATI C NACKs)

establishes this channel. Once it has established a feedback channe
for a CID, the deconpressor is REQU RED to continue sendi ng feedback
for the lifetime of the context (i.e., until it receives an IR packet

that associates the CIDto a different profile), to send error
recovery requests and (optionally) acknow edgnents of significant
cont ext updat es.

Conpression w thout an established feedback channel will be |ess

ef ficient, because of the periodic refreshes and the | ack of feedback
to trigger error recovery; there will also be a slightly higher
probability of | oss propagati on conpared to the case where the
deconpr essor uses feedback
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6.

6.

6.

3.

3.

3.

Control Fields

RCOHCv2 defines a nunber of control fields that are used by the
deconpressor in its interpretation of the header fornats received
fromthe conpressor. The control fields listed in the follow ng
subsections are defined using the formal notation [ RFC4997] in
Section 6.8.2.4 of this docunent.

1. Master Sequence Number (MSN)

The Master Sequence Nunber (MSN) field is either taken froma field
that already exists in one of the headers of the protocol that the
profile conpresses (e.g., RTP SN), or alternatively it is created at
the conpressor. There is one MSN space per context.

The MBN field has the followi ng two functions:

o Differentiating between reference headers when receiving feedback

dat a;
o Inferring the value of incrementing fields (e.g., IPv4
Identifier).

There is one MSN field in every ROHCv2 header, i.e., the MSN is

al ways present in each header type sent by the conpressor. The MSN
is sent in full in IR headers, while it can be |Isb encoded within CO
header formats. The deconpressor always includes LSBs of the MSN in
t he Acknow edgnment Nunber field in feedback (see Section 6.9). The
conpressor can later use this field to infer what packet the
deconpressor is acknow edgi ng.

For profiles for which the MSN is created by the conpressor (i.e.,
0x0102, 0x0104, and 0x0108), the follow ng applies:

0 The conpressor only initializes the MSN for a context when that
context is first created or when the profile associated with a
cont ext changes;

0o Wen the MSNis initialized, it is initialized to a random val ue;

0 The value of the MSN SHOULD be increnented by one for each packet
that the conpressor sends for a specific CID

2. Reordering Ratio
The control field reorder_ratio specifies how nmuch reordering is

handl ed by the | sb encoding of the MBN. This is useful when header
conpression is performed over links with varying reordering
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characteristics. The reorder_ratio control field provides the neans
for the conpressor to adjust the robustness characteristics of the

| sb encoding nmethod with respect to reordering and consecutive

| osses, as described in Section 5.1.2.

6. 3. 3. | P-1 D Behavi or

The IP-ID field of the | Pv4 header can have different change
patterns: sequential in network byte order, sequential byte-swapped,
random or constant (a constant value of zero, although not conformant
with [RFC0791], has been observed in practice). There is one IP-1D
behavi or control field per IP header. The control field for the

| P-1 D behavior of the innernost | P header deterni nes which set of
header formats is used. The IP-1D behavior control field is also
used to deternmine the contents of the irregular chain item for each
| P header.

ROHCv2 profiles MJST NOT assign a sequential behavior (network byte
order or byte-swapped) to any IP-1D but the one in the innernost IP
header when conpressing nore than one | evel of IP headers. This is
because only the IP-1D of the innernost |IP header is likely to have a
sufficiently close correlation with the MSN to conpress it as a
sequentially changing field. Therefore, a conpressor MJST assign
either the constant zero IP-I1D or the random | P-1D behavior to
tunnel i ng headers.

6.3.4. UDP-Lite Coverage Behavi or

The control field coverage_behavi or specifies how the checksum
coverage field of the UDP-Lite header is conpressed with RoHCv2. It
can indicate one of the follow ng encodi ng nethods: irregul ar,
static, or inferred encoding.

6.3.5. Tinestanp Stride

The ts_stride control field is used in scaled RTP tinmestanp encoding
(see Section 6.6.8). It defines the expected increase in the RTP
ti mestanp between consecutive RTP sequence nunbers.

6.3.6. Tinme Stride
The tinme_stride control field is used in tiner-based conpression
encodi ng (see Section 6.6.9). Wen tiner-based conpression is used,

time_stride should be set to the expected difference in arrival tine
bet ween consecutive RTP packets.
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6.3.7. CRC-3 for Control Fields

ROHCv2 profiles define a CRC-3 cal cul ated over a nunber of control
fields. This 3-bit CRC protecting the control fields is present in
t he header format for the co_common and co_repair header types.

The deconpressor MJST al ways validate the integrity of the contro
fields covered by this 3-bit CRC when processing a co_conmonh or a
co_repair conpressed header.

Failure to validate the control fields using this CRC should be

consi dered as a deconpression failure by the deconpressor in the

al gorithmthat assesses the validity of the context. However, if the
deconpression attenpt can be verified using either the CRC-3 or the
CRC-7 cal cul ated over the unconpressed header, the deconpressor MAY
still forward the deconpressed header to upper layers. This is
because the protected control fields are not always used to
deconpress the header (i.e., co_comopn or co_repair) that updates
their respective val ue.

The CRC pol ynoni al and coverage of this CRC-3 is defined in
Section 6.6.11.

6.4. Reconstruction and Verification
Val i dation of the IR header (8-bit CRC)

The decompressor MJST al ways validate the integrity of the IR
header using the 8-bit CRC carried within the IR header. Wen the
header is validated, the deconpressor updates the context with the
information in the IR header. Qherwise, if the IR cannot be
val i dated, the context MJST NOT be updated and the IR header MJST
NOT be delivered to upper |ayers.

Verification of CO headers (3-bit CRC or 7-bit CRC

The deconpressor MJST al ways verify the deconpression of a CO
header using the CRC carried within the conpressed header. When
t he deconpression is verified and successful, the deconpressor
updates the context with the information received in the CO
header; otherw se, if the reconstructed header fails the CRC
verification, these updates MJST NOT be performed.

A packet for which the deconpression attenpt cannot be verified
usi ng the CRC MUST NOT be delivered to upper |ayers.
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6.

5.

Deconpressor inplenmentations may attenpt corrective or repair
neasures on CO headers prior to perform ng the above actions, and
the result of any deconpression attenpt MJST be verified using the
CRC.

Compr essed Header Chai ns

Sonme header types use one or nore chains containing sub-header

i nformation. The function of a chain is to group fields based on
simlar characteristics, such as static, dynam c, or irregular
fields.

Chaining is done by appending an item for each header to the chain in
their order of appearance in the unconpressed packet, starting from
the fields in the outernost header

In the text below, the term <protocol _nane> is used to identify
formal notation nanmes corresponding to different protocol headers.
The mappi ng between these is defined in the follow ng table:

i S +
| Protocol | protocol _nane |
i S +
| 1 Pv4 RFC 0791 | ipv4 |
| 1Pv6 RFC 2460 | ipv6 |
| UDP RFC 0768 | udp |
| RTP RFC 3550 | rtp |
| ESP RFC 4303 | esp |
| UDP-Lite RFC 3828 | udp_lite |
| AH RFC 4302 | ah |
| GRE RFC 2784, RFC 2890 | gre |
| M NE RFC 2004 | mine |
| I'Pv6 Destination Option RFC 2460 | dest _opt |
| I'Pv6 Hop-by-hop Options RFC 2460 | hop_opt

| I'Pv6 Routing Header RFC 2460 | rout_opt

i S +

Static chain:

The static chain consists of one itemfor each header of the chain
of protocol headers that is conpressed, starting fromthe
outernost | P header. In the formal description of the header
formats, this static chain itemfor each header type is |abeled
<protocol _nane> static. The static chainis only used in the IR
header fornmat.
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6.

6.

Dynam ¢ chai n:

The dynamic chain consists of one itemfor each header of the
chain of protocol headers that is conpressed, starting fromthe
outernost | P header. In the formal description of the header
formats, the dynamic chain itemfor each header type is |abeled
<prot ocol _nane> dynam c. The dynanmic chain is only used in the IR
and co_repair header formats.

I rregul ar chain:

The structure of the irregular chain is anal ogous to the structure
of the static chain. For each conpressed header that uses the
general format of Section 6.8, the irregular chain is appended at
a specific location in the general format of the conpressed

headers. In the formal description of the header fornats, the
irregular chain itemfor each header type is a format whose nane
is suffixed by "_irregular". The irregular chain is used in al

CO headers, except for the co_repair format.

The format of the irregular chain for the innernost |P header
differs fromthe format used for the outer |IP headers, because the
i nnernost | P header is part of the conpressed base header. |In the
definition of the header formats using the fornmal notation, the
argunent "is_innernost", which is passed to the correspondi ng
encodi ng nmethod (i pv4 or ipv6), determ nes what irregular chain
itenms to use. The format of the irregular chain itemfor the
outer I P headers is also determined using one flag for TTL/Hop
Limt and TOS/TC. This flag is defined in the format of some of
the conpressed base headers.

ROHCv2 profiles conpress extension headers as other headers, and thus
extensi on headers have a static chain, a dynam c chain, and an
i rregul ar chain.

ROHCv2 profiles define chains for all headers that can be conpressed,
i.e., RTP [RFC3550], UDP [RFCO768], ESP [ RFC4303], UDP-Lite

[ RFC3828], | Pv4 [ RFCO791], |Pv6 [ RFC2460], AH [ RFC4302], GRE

[ RFC2784] [ RFC2890], M NE [ RFC2004], |Pv6 Destination Options header

[ RFC2460], |1Pv6 Hop-by-hop Options header [ RFC2460], and | Pv6 Routing
header [ RFC2460].

Header Formats and Encodi ng Met hods
The header formats are defined using the ROHC formal notation. Sone

of the encoding nethods used in the header fornmats are defined in
[ RFC4997], while other nethods are defined in this section.
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6.6.1. baseheader_extensi on_headers

The baseheader _ext ensi on_headers encodi ng net hod ski ps over al
fields of the extension headers of the innernost |P header, w thout
encoding any of them Fields in these extension headers are instead
encoded in the irregular chain.

This encoding is used in CO headers (see Section 6.8.2). The

i nnernost | P header is conbined with other header(s) (i.e., UDP, UDP-
Lite, RTP) to create the conpressed base header. 1In this case, there
may be a nunber of extension headers between the | P headers and the
ot her headers.

The base header defines a representation of the extension headers, to
conply with the syntax of the formal notation; this encoding nethod
provides this representation.

6.6.2. baseheader_out er_headers

The baseheader out er _headers encodi ng nmet hod ski ps over all the
fields of the extension header(s) that do not belong to the innernost
| P header, w thout encoding any of them Changing fields in outer
headers are instead handl ed by the irregular chain.

This encoding nethod, sinilarly to the baseheader_extensi on_headers
encodi ng net hod above, is necessary to keep the definition of the
header formats syntactically correct. It describes tunneling IP
headers and their respective extension headers (i.e., all headers

| ocated before the innernost |P header) for CO headers (see

Section 6.8.2).

6.6.3. inferred_udp_length

The deconpressor infers the value of the UDP I ength field as being
the sum of the UDP header |ength and the UDP payl oad | ength. The
conpressor must therefore ensure that the UDP length field is
consistent with the length field(s) of precedi ng subheaders, i.e.,
there nmust not be any padding after the UDP payload that is covered
by the I P Length.

Thi s encoding nmethod is also used for the UDP-Lite Checksum Cover age

field when it behaves in the same manner as the UDP length field

(i.e., when the checksum al ways covers the entire UDP-Lite payl oad).
6.6.4. inferred_ip_v4_header_checksum

Thi s encodi ng nmet hod conpresses the header checksumfield of the | Pv4
header. This checksumis defined in RFC 791 [ RFC0791] as foll ows:
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Header Checksum 16 bits

A checksum on the header only. Since sone header fields change
(e.g., time tolive), this is reconputed and verified at each
point that the internet header is processed.

The checksum al gorithmis:

The checksumfield is the 16 bit one’s conpl enent of the one’s
conpl ement sumof all 16 bit words in the header. For purposes
of conputing the checksum the value of the checksumfield is
zero.

As descri bed above, the header checksum protects individual hops from
processing a corrupted header. As the data that this checksum
protects is nostly conpressed away and is instead taken fromstate
stored in the context, this checksum becones cunul ative to the ROHC
CRC. Wen using this encoding nethod, the checksumis reconputed by
t he deconpressor

The inferred_i p_v4_header_checksum encodi ng net hod t hus conpresses

t he header checksumfield of the |IPv4 header down to a size of zero
bits, i.e., no bits are transmtted in conpressed headers for this
field. Using this encoding nethod, the deconpressor infers the val ue
of this field using the conputation above.

The conpressor MAY use the header checksumto validate the
correctness of the header before conpressing it, to avoid processing
a corrupted header

6.6.5. inferred_m ne_header_checksum

Thi s encodi ng nmet hod conpresses the mnimal encapsul ati on header
checksum This checksumis defined in RFC 2004 [ RFC2004] as foll ows:

Header Checksum

The 16-bit one’s conplenment of the one’s conpl enent sum of all
16-bit words in the mininmal forwarding header. For purposes of
computi ng the checksum the value of the checksumfield is O.
The | P header and I P payload (after the mininmal forwarding
header) are not included in this checksum conputati on.

The inferred_m ne_header _checksum encodi ng net hod conpresses the

m ni mal encapsul ati on header checksum down to a size of zero bits,
i.e., no bits are transnitted in conpressed headers for this field.
Using this encodi ng nethod, the deconpressor infers the value of this
field using the above conputation.
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The notivations for inferring this checksumare sinmlar to the ones
expl ai ned above in Section 6.6.4.

The conpressor MAY use the m nimal encapsul ati on header checksumto
val i date the correctness of the header before conpressing it, to
avoi d processing a corrupted header.

6.6.6. inferred_ip_v4_length

Thi s encodi ng nmet hod conpresses the total length field of the | Pv4d
header. The total length field of the | Pv4 header is defined in RFC
791 [ RFCO791] as foll ows:

Total Length: 16 bits

Total Length is the length of the datagram neasured in octets,
including internet header and data. This field allows the
length of a datagramto be up to 65,535 octets.

The inferred_i p_v4_l ength encodi ng met hod conpresses the | Pv4d header
checksum down to a size of zero bits, i.e., no bits are transnitted
in conpressed headers for this field. Using this encoding nethod,
the deconpressor infers the value of this field by counting in octets
the length of the entire packet after deconpression

6.6.7. inferred_ip_v6_Ilength

Thi s encodi ng nmet hod conpresses the payload length field in the | Pv6
header. This length field is defined in RFC 2460 [ RFC2460] as
foll ows:

Payl oad Length: 16-bit unsigned integer

Length of the IPv6 payload, i.e., the rest of the packet
following this I Pv6 header, in octets. (Note that any

ext ensi on headers present are considered part of the payl oad,
i.e., included in the length count.)

The "inferred_i p_v6_I ength" encodi ng net hod conpresses the payl oad
length field of the IPv6 header down to a size of zero bits, i.e., no
bits are transmitted in conpressed headers for this field. Using
this encodi ng nmethod, the deconpressor infers the value of this field
by counting in octets the length of the entire packet after
deconpr essi on.

| Pv6 headers using the junbo payl oad option of RFC 2675 [ RFC2675]

will not be conpressible with this encodi ng nethod since the val ue of
the payload length field does not match the length of the packet.
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6.6.8. Scal ed RTP Ti nestanp Conpression

Thi s section provides additional details on encodings used to scale
the RTP timestanp, as defined in the formal notation in
Section 6.8.2.4.

The RTP timestanp (TS) usually increases by a multiple of the RTP
Sequence Number’'s (SN s) increase and is therefore a suitable

candi date for scaled encoding. This scaling factor is |abeled
ts_stride in the definition of the profile in the formal notation

The conpressor sets the scaling factor based on the change in TS with
respect to the change in the RTP SN

The default value of the scaling factor ts_stride is 160, as defined
in Section 6.8.2.4. To use a different value for ts_stride, the
conpressor explicitly updates the value of ts_stride to the
deconpressor using one of the header formats that can carry this

i nformati on.

When t he conpressor uses a scaling factor that is different than the
default value of ts_stride, it can only use the new scaling factor
once it has enough confidence that the deconpressor has successfully
cal cul ated the residue (ts_offset) of the scaling function for the

ti mestanp. The conpressor achieves this by sendi ng unscal ed

ti mestanp values, to allow the deconpressor to establish the residue
based on the current ts_stride. The conpressor MAY send the unscal ed
timestanp in the sanme conpressed header(s) used to establish the

val ue of ts_stride

Once the conpressor has gai ned enough confidence that both the val ue
of the scaling factor and the value of the residue have been
established in the deconpressor, the conpressor can start conpressing
packets using the new scaling factor

When t he conpressor detects that the residue (ts_offset) val ue has
changed, it MJST NOT sel ect a conpressed header format that uses the
scal ed tinestanp encodi ng before it has re-established the residue as
descri bed above.

When the value of the tinestanp field waps around, the value of the
resi due of the scaling function is likely to change. Wen this
occurs, the conpressor re-establishes the new residue val ue as
descri bed above.

I f the deconpressor receives a conpressed header containing scal ed
timestanp bits while the ts_stride equals zero, it MJUST NOT deliver
the packet to upper layers and it SHOULD treat this as a CRC
verification failure.
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Whet her or not the scaling is applied to the RTP TS field is up to
the conpressor inplenentation (i.e., the use of scaling is OPTIONAL),
and is indicated by the tsc_indicator control field. |In case scaling
is applied to the RTP TS field, the value of ts_stride used by the
conpressor is up to the inplenentation. A value of ts_stride that is
set to the expected increase in the RTP tinestanp between consecutive
unit increases of the RTP SN will provide the nost gain for the
scal ed encoding. Qher values nay provide the sanme gain in sone
situations, but nay reduce the gain in others.

When scal ed tinmestanp encoding is used for header formats that do not
transnit any | sb-encoded tinestanp bits at all, the
inferred_scaled field encoding of Section 6.6.10 is used for encodi ng
the tinmestanp.

6.6.9. tinmer_based |sb

The timer-based conpression encodi ng net hod, tiner_based | sb
conpresses a field whose change pattern approxi mates a linear
function of the tine of day.

This encodi ng uses the local clock to obtain an approximtion of the
value that it encodes. The approximated value is then used as a
reference val ue together with the num.l sbs_param | east-significant
bits received as the encoded val ue, where num.| sbs_param represents a
nunber of bits that is sufficient to uniquely represent the encoded
value in the presence of jitter between conpression endpoints.

ts_scaled == tinmer_based | sb(<tine_stride_paranp,
<num_| sbs_par ank, <offset_paranp)

The paranmeters "num|l sbs_paranmt and "offset_parant are the paraneters
to use for the |Isb encoding, i.e., the nunber of |east significant
bits and the interpretation interval offset, respectively. The
paraneter "time_stride_parani represents the context value of the
control field tine_stride.

Thi s encodi ng nmet hod al ways uses a scaled ver