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1 Introduction

This document is intended for discussion and decision making in 3GPP RAN WG2 how the problem presented in [2] could be solved in the concept level and what constraints and specific characteristics need to be taken care of. This paper concentrates essentially only on the following scenario of those mentioned in [3]:

· UTRAN RNC using RFC 3095 (ROHC) => UTRAN RNC using RFC 3095 (ROHC)

However, the presented concept is not restricted by any means only to this particular scenario, but can be applied most probably with other scenarios for ROHC as well. 

2 Overview of the concept

The problem appears due to the fact that UTRAN PDCP entity and thus RFC3095 compressor/decompressor in UTRAN is relocated. The straightforward working solution in Rel4 has been to initialise the compression in both peers after relocation resulting the mentioned problems [4]. This could be avoided by not initialising compression but continuing it in the target SRNC from the place in which the compression ended in the source SRNC.

This concept is based on the principle that a snapshot of the RFC3095 compressor context for downlink is first taken in the source SRNC. The context information is then transferred to target SRNC while performing the relocation signalling between source and target SRNC. The compressor context in the target SRNC is then initialised with the transferred information. Eventually when the control is really given to the target SRNC, it starts compressing  with  that context. The decompressor context is similarly transferred between source and target SRNC. As consequence, neither uplink nor downlink user plane data transmission is seriously affected by the SRNS relocation.

3 Some terminology

Context synchronisation
A compression context is synchronised with a decompression context when a header compressed according to the compression context is correctly decompressed with the decompression context.

Link switching
In terms of UTRAN procedures the link switching in this document means the process when target SRNC is assigned the responsibility about being the serving RNC. I.e. it is the point of time when layer 2 protocols of target SRNC become active and UE is notified about the changed SRNC by indicating the new U-RNTI value. The link switching is typically preceded by a preparation phase, during which the information necessary to carry out the switching is exchanged between source and target SRNCs.

N-context
Refers collectively to both N-context-C and N-context-D.

N-context-C
The compression context for downlink in SRNC at any given point of time.

N-context-D
The decompression context for uplink in SRNC at any given point of time.

N-context*
Refers collectively to both N-context-C* and N-context-D*.

N-context-C*
The frozen snapshot of the compression context for downlink taken by SRNC

N-context-D*
The frozen snapshot of the decompression context for uplink taken by SRNC

N-HC
Entity located in the network that performs header compression for downlink
(i.e. RNC PDCP in UTRAN)

N-HD
Entity located in the network that performs header decompression for uplink
(i.e. RNC PDCP in UTRAN)

H-HCD
Refers collectively to both N-HC and N-HD.

M-context
Refers collectively to both M-context-C and M-context-D.

M-context-C
The compression context for uplink in UE at any given point of time.

M-context-D
The decompression context for downlink in UE at any given point of time.

M-context*
Refers collectively to both M-context-C* and M-context-D*.

M-context-C*
The frozen snapshot of the compression context for uplink taken by UE.

M-context-D*
The frozen snapshot of the decompression context for downlink taken by UE.

M-HC
Entity located in the mobile terminal that performs header compression for uplink
(i.e. UE PDCP in UTRAN)

M-HD
Entity located in the mobile terminal that performs header decompression for downlink
(i.e. UE PDCP in UTRAN)

M-HCD
Refers collectively to both M-HC and M-HD.

4 Challenges of context transfer

There are some generic challenges in context transfer, which need to be addressed by the method that realises the concept. These challenges are briefly discussed here in order to give some requirements for the relocation concept.

4.1 Stale context

There is some elapsed time between t1, the time when the source SRNC takes a snapshot of its context for transfer to the target SRNC, and t2, the time when the target SRNC starts to use the contexts. Between t1 and t2, the source SRNC and UE may have continued to exchange traffic on the old link. The source SRNC may have updated its compression context, and the UE updated its decompression context accordingly to stay in synchronization. In the same fashion, the UE may have updated its compression context, and the source SRNC updated its decompression context accordingly. When that happens, the N-context used by the target SRNC may be out of sync with the M-context, and consequently, decompression is incorrect. In particular, the header compression modes defined by RFC3095 have to be in sync after handover. 

4.2 Skew of timer

When the timer-based compression/decompression of RTP time stamp is in effect, a timer is used at the compressor and decompressor to measure the packet arrival times (refer to RFC 3095, section 4.5.4). For the target SRNC to continue timer-based compression/decompression, a snapshot of the timer value at the source SRNC is taken and transferred to the target SRNC, so that the target SRNC can initialise its timer with the transferred value. The transfer latency time, T_transfer, may create a skew in the calculation of the elapsed time for the first few headers compressed or decompressed by the target SRNC, since that elapsed time is the difference between two arrival times measured by two different timers (one, a_i, at the target SRNC, and the other, a_ref, at the source SRNC).

The skew may or may not be a problem, depending on the magnitude of T_transfer.

5 Generic description of the concept

5.1 RFC3095 modes

5.1.1 R mode

For RFC3095 context relocation to work, the challenge of stale context must be addressed. It can be done easily by stopping to update the context at the compressor while relocation is taking place. In the case of RFC3095 R mode, it is relatively straightforward, because the old RNC can inhibit its compressor context update for the downlink, and stop sending ack for the uplink. By stopping the acks, it will cause the mobile station to stop updating its compressor context.

5.1.2 O mode

The case of RFC3095 O mode is more tricky, since the compressor (decompressor) continously updates its compression (decompression) context at every packet, regardless of the signaling from  the other side.  A few options can be seen as a solution for RFC3095 O mode:

1) to prevent the whole SRNS relocation for radio bearers running RFC3095 in O mode

2) to accept problems of RFC3095 initialization for radio bearers running RFC3095 in O mode (i.e. no RFC3095 context relocation during SRNS relocation)

3) to temporarily mimic the R mode during the relocation for radio bearers running RFC3095 in O mode

The first one of these options is easy to understand but is not really a solution for the problem, since it disables the whole SRNS relocation and is against the basic assumption of the scenario where SRNS relocation is performed. 

The second option is clearly a solution for the uplink problems of O mode and stale context. It is supported by all Rel4 terminals supporting RFC3095 by default, so it doesn’t imply any additional implementation requirements. On the other hand it doesn’t bring any improvements into Rel4 SRNS relocations. Some of the problems of Rel4 SRNS relocations are presented in [2] and [3].

Consequently the third option seems to be the only way to support context relocation in RFC3095 O mode bringing really some additional value to the relocation. So the proposed concept solution for RFC3095 O mode is for the old RNC to send signaling to the mobile station so it can mimic the R mode for  both uplink and downlink during context relocation. Once the context relocation is completed, and the compression/decompression has resumed at the new RNC, the system can switch back to O mode, if desired. 

5.1.3 U mode

Even though it is the most tricky to solve the challenges of reliable context transfer for RFC3095 U mode due to its unreliable nature, some consideration needs to be addressed also for that since the compressor/decompressor may well be running in U mode when SRNS relocation is performed. As in O mode, the problem is caused by the fact that every packet in U mode updates the compression context at sender side and the decompression context at receiver side. Once again three totally different kind of approaches could be proposed for U mode:

1) to prevent the whole SRNS relocation for radio bearers running RFC3095 in U mode

2) to accept problems of RFC3095 initialization for radio bearers running RFC3095 in U mode (i.e. no RFC3095 context relocation during SRNS relocation)

3) to transfer the static part of the context during SRNS relocation and force  the update of the dynamic part of the context right after SRNS relocation in RFC3095 U mode in order to address stale context challenge.

When considering these approaches it becomes clear that only the third option is valid with the same reasoning as with O mode. The proposed concept solution for RFC3095 U mode is for the old RNC to send signaling to the mobile station so that right after SRNS relocation the M-HC initiate a transition back to the IR state and send IR-DYN as defined in RFC 3095 to  re-synchronise the dynamic part of the uplink compressor and decompressor contexts. Note that for downlink, the target N-HC will automatically go to IR state and send IR-DYN following the normal logic in U mode. .

5.2 Generic procedure

In this section the generic procedure is given that combines the approaches drafted above and gives a generic framework for realising the procedure in UTRAN. 

The relocation could proceed for uplink and downlink through the following steps:

1. The network determines that the relocation has to be performed and notifies the source N-HCD about this.

2. The source  N-HCD does the following in an atomic fashion:

- Only in R and O modes: takes a snapshot of its N-context-C (denoted N-context-C*), N-context-D (denoted N-context-D*) and transfers them to the new N-HCD; if in O mode, switch to R mode 

- Only in U mode: takes a snapshot of the static part of its N-context-C (denoted N-context-C-static*) , the static part of its N-context-D (denoted N-context-D-static*) and transfers  them to new N-HCD.

- Only  in R  mode: for the downlink, inhibits its N-context-C update (i.e. will not update the context) 

- Only in R mode: for the uplink, stops generating ack 

3. Only in O and U modes: The source N-HCD must send an indication to the M-HCD that this is an SRNS relocation; that indication could be carried as out-of-band signalling by the Relocation Command or equivalent.

4. Only in O mode: Upon the previous SRNS relocation indication, the M-HCD will switch to R mode. 

5. Link switching takes place some time between steps 2 and 6

6. Right after link switching, 

- For the downlink, the N-HCD will compress using N-context-C*;  the M-HD will continue to decompress normally.

- For the uplink, the initial behavior after SRNS relocation depends on which mode the system was in before SRNS relocation

· If in U mode: M-HC –transits to IR state and sends IR-DYN to re-synchronise the dynamic part of the uplink context. 

· If  in R mode: the new N-HCD will decompress using N-context-D*; the M-HCD compresses as in R mode. 

· If in O mode: the new N-HCD will decompress using N-context-D*; the M-HCD compresses as in R mode

· Note  for all the modes: After this initial behavior, the system may switch to any mode  by using the ROHC feedback sent by the new N-HCD.

Note for uplink (only when the system was in R and O modes before SRNS relocation):

· In phase 2, when the source N-HD is unsure of its context integrity (e.g. due to multiple detected errors), it just transfers the static part of its N-context-D (denoted N-context-D-static). Upon receiving N-context-D-static instead of N-context-D* in the normal case, the target N-HD will send a request for IR-DYN as soon as the new link to M-HCD is up. 

5.3 How challenges are addressed

The presented problems in chapter 4 are addressed by the concept described above. Here is a short explanation of why:

· The stale context problem is avoided for R and O modes by inhibiting any context update once the context transfer has started, and for U mode by transferring only static part of the context.
· The skew of timer does not exist if the transfer latency is small, or if it is bounded. If the latency is bounded, it can be compensated in the elapsed time calculation. In UTRAN latency is rather small and bounded, so it can be compensated. 
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