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ROHC context transfer in PS handover and Inter-RAT PS handover

1. Introduction

The enhancement of the Gb interface to support conversational traffic class [1] is the focus of the enhanced Gb feasibility study.  Conversational IP traffic will require the support of a header compression scheme to reduce the overhead of the RTP/UDP/IP packets to a reasonable level.  This is widely expected to be the RObust Header Compression Scheme developed by the IETF.

At the joint meeting with SA2 one of the issues remaining open was the use of context transfer during inter-RAT PS HO.  This document expands upon the previous document, with the focus shifted to look at problems associated with handover and inter-RAT handover, and how (and if) the ROHC context should be transferred between different compression entities in the different networks during inter-RAT handover.

2. Handover

It has been identified in [1] that there are two options for ROHC transfer at handover.  The network can either perform context transfer or the ROHC entities in the MS and network (PDCP in an Iu mode network, SNDCP in an A/Gb network) can re-initialise the compression entities.  There are advantages and disadvantages to the two options, and these are examined in more detail below.

The options available for updating ROHC during PS handover are; 

· transfer full context; 

· transfer the static context; and 

· transfer no context.  

The required bandwidth in a target GERAN cell (described as the lowest possible MCS) in each of the cases is as follows
:

Table 1
	
	Source cell
	Target cell

	No context transfer
	MCS-2 (9.6kbps)
	MCS-6 (24.4kbps)

	Static context transfer (IR-DYN in new cell)

	MCS-2 (9.6kbps)
	MCS-4 (17.2 kbps)

	Full context transfer (IR in new cell)2
	MCS-2 (9.6kbps)
	MCS-2 (9.6kbps)


It should be noted that after the refresh (either IR when no context transfer is used or IR-DYN for static context transfer) the MS will need to step down into a lower coding scheme more appropriate to the call.

2.1
Full context transfer

Full context transfer requires the ROHC entity in the network to take a snapshot of the compressor and de-compressor at the beginning of the handover procedure and pass this to the compression entity in the new network to establish a ROHC context.  This includes all of the dynamic information (e.g. sequence number) and infrequently changing information (e.g. TTL) as well as static information (IP address, port number etc).

Full context transfer has the benefit that it minimises the additional resource requirement in the target cell (which can be caused by desynchronisation of ROHC entities in network and MS).  However, it does requires complex data transfer between the peer network compression entities which has tight delay requirements if the ROHC context is not to be considered stale, and cause an unplanned dynamic, or even full refresh (caused by failed header de-compression).

2.2 Re-initialisation 

The alternative to context transfer is to use the refresh (IR) procedures which require the sending of a full IP header plus some ROHC specific information when the MS moves to the new cell.  This obviously requires significant additional resources to be assigned in the new cell for a short time (exact time cannot be guaranteed since it is dependant on mode of operation, radio conditions etc) but since the new RAN knows that this is a conversational PS handover then the additional resources can be assigned during the handover procedure for the duration of the refresh.

The benefit of this procedure is that there is no additional signalling in the network for the transfer of ROHC context.  The drawback is the significant additional resources required by the call during the IR event (250%)

2.3
Static context transfer

A compromise between the two options above is to use the transfer of static information (IP address etc) which will require only a dynamic refresh (IR-DYN) in the cell.  This provides a saving of required resources over the full refresh since dynamic information in the headers is generally half the size of the full IP header (see Table 1).

However, this requires the additional setup information to be transferred during the handover preparation phase, which will need to be either appended to the Handover Required message, or passed to the entity whose peer in the new network will be doing the compression.

Since the information which would be transferred in this manner is not time-sensitive, then the information can be passed between compression entities with no risk of it going stale.    

3
Inter-RAT handover

The problems described above are generally worsened in the case of inter-RAT handover, since the compression entity is in different network nodes - SNDCP for eGb and PDCP for Iu mode.

This adds the additional problem of how to transfer the context to the corresponding peer, since the two entities do not support any common protocol descriptions.  It is not seen as acceptable to include a common protocol stack (i.e. RRC) in between a 2G SGSN and 3G RAN solely for the purpose of transferring ROHC information.  This leads us to the conclusion that the ROHC context information (if used) will have to be passed from the 2G SGSN to the 3G RAN via the 2G BSC (and vice versa).

In order to support context transfer during inter-RAT handover, the context definition used in A/Gb mode and Iu mode (UTRAN and GERAN) should contain identical information.   

3.1
Full context transfer

As described above, inter-RAT PS handover creates an additional problem with context transfer in that the SGSN and RNC do not have a common protocol through which they can transfer the ROHC context.  

One solution to this is outlined in Figure 1, where the s-SGSN rejects the initial PS handover request with a specific reject cause (e.g. “ROHC info not present”) in order to transfer the ROHC context to the BSC (HO reject + ROHC Info in the figure).  This allows the BSC to translate the ROHC info and include the ROHC context in the handover required message which will be forwarded to the target RAN.  This solution obviously increases the delay experienced by the ROHC context by one RTT (between SGSN and BSC in GERAN) which increases the risk that the context will be stale.  

It is ffs whether this is an delay is acceptable since the time between the taking of the ROHC snapshot and the first decompression in the target cell may be of the order of seconds (100s of VoIP packets).  

If the delay from taking the snapshot to decompressing the first header in the new cell is too long, then the ROHC entities in the MS and target RAN will probably revert to an IR or IR-DYN procedure which will require the assignment of additional resources, but with the additional disadvantage that it was not expected in the target cell.

It is ffs whether this mechanism is feasible given the delay involved in the preparation of the handover and the time required before the dynamic information can be considered stale.
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Figure 1:  Possible sequence of inter-RAT context transfer during PS HO

3.2
Re-initialisation

As described above, re-initialisation requires no information to be provided between the ROHC entities in the network, it simply requires that the ROHC context be created in the target RNC so that it can respond to or trigger the full refresh (IR) upon receipt of the first data block (which it cannot de-compress).

This is the simplest procedure in terms of the inter-network signalling (simply the creation of the PDCP and ROHC entity is required), but requires the highest bandwidth at the Um or Uu interface after handover.  

Figure 2 shows the sequence of messages that would occur for this scenario during inter-RAT handover, and it can be seen that this is simply the normal PS handover solution.

Since any IR events occurring after the handover would be expected, then it is trivial for the RAN to assign any additionally required resources, but it is tbd whether this drop in efficiency is acceptable to network operators. 
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Figure 2:  HO sequence with no ROHC context transfer

3.3
Static context transfer

The compromise solution of static context transfer offers the benefit of greater air interface efficiency than that provided by the full refresh, while also having simpler signalling requirements than the full context transfer solution due to a lack of time constraints.  

The problem of delivering the context information in a format understandable to the target compression node is resolved since the static context information can be delivered from the SGSN to the GERAN BSC at call setup (this mechanism is used today for delivery of MS-RAC to the BSS), and then included in any future handover required messages (see Figure 3).  Also the risk of stale information is removed, since it is planned that an IR-DYN will occur after the event and the static information (by its nature) cannot become stale.  

The definition of the static fields is in RFC3095, but there are some fields which change only rarely (e.g. TTL) which in GERAN may be considered static.  Which fields are to be considered and whether we can consider these fields static rather than rarely changing is ffs.
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Figure 3:  Possible sequence of static context transfer during PS HO

4
Conclusion

This paper presents a number of options for context transfer (or not) during PS handover of a VoIP call.  The three options, and their benefits and limitations are summarised as:

· Full context transfer

· Risk of stale information – could cause an unplanned IR-DYN or IR

· Large amount of context information to be transferred during handover preparation which is time critical.

· Interworking with UTRAN/Iu mode requires sending of context information (stored in SGSN) via the RAN 

· No additional radio overhead in new cell

· Static context transfer

· No risk of stale information 

· Some context information required to be transferred during handover preparation 

· Interworking with UTRAN/Iu mode requires some context information (stored in SGSN) needs to be sent via the RAN (non time critical, could be provided to RAN at call setup)

· Compromise solution – re-uses current ROHC capabilities with no enhancements (IR-DYN) and minimises risk of ROHC compression failure after handover.  

· Lower additional radio overhead in new cell than no context transfer caused by IR-DYN event (~twice the resources needed for compressed header and payload – see [1])

· No context transfer

· No context information required to be sent between Gb SGSN and Iu RAN

· High radio overhead in the new cell caused by IR event (2-3 times the resources required for the compressed IP header and payload – see [1]) for initial period after handover

The issue of how long dynamic information can be considered active is open and should be considered at a later date, when detailed work is done to introduce ROHC into the SNDCP specification.

The issue of ROHC handling at PS handover (inter or intra RAT) is shown to be feasible, and a decision is required on which mechanism is to be used (either full, static or no context transfer).  Hence open issues 56 and 57 are closed.  Technical work on the issue of which mechanism to use should continue when WI’s for conversational Gb are agreed.
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�The scenario envisaged is that described in [2], i.e. AMR 7.4kbps, and an average compressed header of 3 octets and neglecting LLC and SNDCP overhead (which is the same for all cases).  Detailed calculations can be seen in [1]


� IR-DYN – refresh dynamic information, IR – Refresh all information
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