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1. Background and history

The concept of context relocation was introduced in Adaptive Header ComprEssion (ACE) for Real-Time Multimedia, <draft-ace-robust-hc-00.txt>. ACE was Nokia’s solution for robust header compression, most of which was later incorporated into RFC 3095. However, context relocation was not included due to different opinions from other authors of RFC 3095 and also the tight schedule to catch 3GPP Rel-4.

Section 6.5.1 and 6.5.2 in RFC 3095 reflect that piece of past. They were drafted by Haihong Zheng from Nokia (one of the authors of RFC 3095). The original purpose is to define compressor and decompressor context to be relocated. However, since RFC 3095 does not include context relocation, they ended up as “implementation structures” and only describe a list of elements that “a ROHC implementation will have to maintain in one form or another”. They stop short of spelling out concrete format since that is considered as too implementation dependent, given the fact that context relocation is not part of RFC 3095.

2. High level motivations

Naturally, we started with section 6.5.1 and 6.5.2 of RFC 3095. It became apparent to us, however, that it is not possible to copy-and-paste those two sections as context to be transferred. Following are the factors that led us to the context structure in our contribution:

- Interoperability and clarity. First of all, the two sections do not provide down-to-the-bits format due the historical reasons above. This is perfectly OK for RFC 3095, because the text is intended as "examplatory material" for a local implementation. However, in case of context relocation, a well-defined context format is the minimal requirement to achieve interoperability. We noticed that IR packet format is part of the RFC 3095 and thus guaranteed to be interoperable between any ROHC implementation. It can carry not only header fields, but also quite much context information as listed in section 6.5.1 and 6.5.2 (e.g. mode, RND, NBO, TIS, TSS, TS_Stride, Time_Stride, etc). Therefore, we introduced REF_IR as part of the transferred context. 

- Simplicity. ROHC context relocation is intended to be a simple enhancement to RFC 3095 that improves compression efficiency during handover. Based on our implementation experience (including that of RFC 3095), it is very important to design a system with minimal complexity. Simplicity, therefore, is one of our design goals for context structure. The format we proposed is the minimum set of information that is enough to avoid loss of context synchronization.

- Small context size. Even though the context is probably transferred on wireline network, context size is still a concern to operators for two reasons: 1) it may be that the frequency of context relocation will increase in the future, 2) the context may have to be transferred over wireless links in certain network. In addition, we have a third concern: larger context is subject to either higher chance of loss (over non-reliable transport) or longer delay (over reliable transport). A lost or late context is useless for ROHC context relocation. Therefore, we tried to make context structure small but still contain most important information that leads to good compression ratio for the first few ROHC headers after relocation. Specifically, we focus on how to maintain good compression efficiency on RTP SN, RTP TS and IP ID field since they are the most frequently changing fields. Changes in other fields are infrequent (should be < 5% in practice).

3. Details

For downlink, we need to transfer the compressor context. 

· Context ID (CID) and ROHC mode. They must be transferred as part of the context.

· REF_IR. The RTP IR header that corresponds to the oldest header in the sliding window of compressor at source RNC (source compressor). Since most header field will either increase or decrease, choosing the oldest one will force the compressor in target RNC (target compressor) to send enough bits to convey largest possible change. Note that as stated previously, REF_IR can also contain ROHC context variables that are not part of the original header. 

· REF_TIME and CURR_TIME. They can be used by the target compressor to continue timer-based compression of RTP Timestamp field after relocation.

· SYN_OFFSET_ID. This can be used by the target compressor to determine if the IP ID field continues its pattern of change during relocation. If yes, the target compressor does not need to send IP ID information in a compressed header. Otherwise, it needs to send bits for IP ID field.

· SYN_SLOPE_TS. Similar to above, except that it is for efficient compression of RTP Timestamp field.

· DYN_CHANGED.  Note that for simplicity and smaller size, we only transfer one header information (see REF_IR) instead of the complete sliding window. This is not a problem for RTP TS and IP ID since their changing pattern is included in the transferred context (see above). However, we need an indicator to show if other fields have changed in the sliding window. This is for the special case where a header field X changes its value back and forth, e.g. from A to B and then back to B. It is possible that the value of X in REF_IR is A, the decompressor at UE has B as reference value, and the first packet arriving at target compressor carries value A. In this unlucky case, the target compressor will not detect any change and thus send no bits for field X. The result will be a decompression failure at the UE. With DYN_CHANGED flag, however, the target compressor can get a hint and send bits for field X (uncompressed if it does not want to take any risk).  Note that for most cases (>95%), there will be no change in fields other than RTP SN, RTP TS and IP ID. Thus, the flag will be FALSE most of the time. This means no information is lost in the context even though we do not transfer the complete sliding window. Or equivalently, what we transfer is a compressed version of the sliding window.

For uplink, we need to transfer decompressor context, which is similar to compressor context (for downlink) except the following differences:

· Decompressor only uses the last correctly decompressed header as reference. Therefore, there is no sliding window on decompressor side with one exception: the sliding window on the decompressor side for list compression (see section 5.8.2 in RFC 3095). We decided not to include this sliding window in transferred context since list compression is unlikely used in basic VoIP session. In case it is used, the compressor at UE can simply send uncompressed header fields that were compressed using list compression before relocation.

· REF_SN_1. This is specific to decompressor context and could be used for local context repair for U/O-mode.
Annex: RFC3095 CONTEXT INFO (as proposed in R2-021392)

This RRC message is sent between network nodes in SRNS relocation. It is used to transfer the compressor and decompressor context information of the RFC3095 protocol.

Direction: source RNC (target RNC

Information Element/Group name
Need
Multi
Type and reference
Semantics description
Version

RFC3095 context
MP
1 to <maxRBallRABs>


REL-5

>RB identity
MP

RB identity 10.3.4.16

REL-5

>RFC3095 context list
MP
1 to <maxRFC3095-CID>


REL-5

>>Downlink RFC3095 context
OP



REL-5

>>>Downlink RFC3095 context identity
MP

Integer (0..16383)

REL-5

>>>DL_MODE
MP

Enumerated (u, o, r)
RFC3095 mode in downlink before SRNS relocation.
REL-5

>>>REF_IR
MP

Octet string (1..3000)

 
The RTP IR header (see section 5.7.7 of RFC3095 for detailed format) corresponding to the oldest header in the compressor sliding window.
REL-5

>>>REF_TIME
OP

Integer (0..4294967295)
Arrival time (at the compressor) of REF_IR in milliseconds. 

See sections 4.5.4 and 6.5.1 of RFC3095. 
REL-5

>>>CURR_TIME
OP

Integer (0..4294967295)
Current time in milliseconds. 

See sections 6.5.1 of RFC3095. 
REL-5

>>>SYN_OFFSET_ID
OP

Integer

(0..65535)
Last synchronized slope of IP-ID. See sections 4.5.5 and 6.5.1 of RFC3095 (called there as Offset_i). 

It is related to the compression and decompression of IP-ID and is the synchronized offset between the IP-ID value and the SN value (in the same header) during the last SO state before the relocation procedure.
REL-5

>>>SYN_SLOPE_TS
OP

Integer

(0..4294967295)
Last synchronized slope of TS. 

See sections 5.5.1.2 and 5.7 of RFC3095. 

In SO state, TS(n) = TS(m) + (n-m) * SYN_SLOPE_TS, where n and m is the RTP SN of current packet and the reference packet. Note that the unit of SYN_SLOPE_TS depends on whether TS is scaled before compression or not.
REL-5

>>>DYN_CHANGED
MP

Boolean
Information whether dynamic fields other than RTP SN, RTP TS and IP-ID have changed in the headers that are stored in the sliding window.

Set to TRUE if changed and FALSE if not changed. 


REL-5

>>Uplink RFC3095 context
OP



REL-5

>>>Uplink RFC3095 context identity
MP

Integer (0..16383)

REL-5

>>>UL_MODE
MP

Enumerated (u, o, r)
RFC3095 mode in uplink
REL-5

>>>REF_IR
MP

Octet string (1..3000)
The RTP IR header (see section 5.7.7 of IETF RFC3095 for detailed format) corresponding to the last correctly decompressed header. 
REL-5

>>>REF_TIME
OP

Integer (0..4294967295)
Arrival time (at the decompressor) of REF_IR in milliseconds. 

See sections 4.5.4 and 6.5.1 of RFC3095.
REL-5

>>>CURR_TIME
OP

Integer (0..4294967295)
Current time in milliseconds. See sections 6.5.1 of RFC3095.
REL-5

>>>SYN_OFFSET_ID
OP

Integer

(0..65535)
Last synchronized slope of IP-ID. 

See sections 4.5.5 and 6.5.1 of RFC3095 (called there as Offset_i).

It is related to the compression and decompression of IP-ID and is the synchronized offset between the IP-ID value and the SN value (in the same header) during the last SO state before the relocation procedure.


REL-5

>>>SYN_SLOPE_TS
OP

Integer

(0..4294967295)
Last synchronized slope of TS. 

See sections 5.5.1.2 and 5.7 of RFC3095. 

In SO state, TS(n) = TS(m) + (n-m) * SYN_SLOPE_TS, where n and m is the RTP SN of current packet and the reference packet. Note that the unit of SYN_SLOPE_TS depends on whether TS is scaled before compression or not.
REL-5

>>>REF_SN_1
OP

Integer (0..65535)
Corresponds to the RTP Sequence Number of the predecessor of the latest RTP packet. This could be used to perform local repair of context by decompressor in U or O mode (see “ref - 1” in section 5.3.2.2.5 in IETF RFC3095 for further explanation).


REL-5

