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1. Introduction

In this contribution we discuss the current support for lossless SRNS relocation in combination with a hard handover. We identify that in the “normal” case, this procedure is not supported by the current UTRAN specifications.

Assuming a low market interest in lossless SRNS relocation, we propose not to correct the situation, but just to note that lossless SRNS relocation might not be supported in all scenarios.

2. Background
2.1. UE behaviour w.r.t. lossless relocation

Quite a lot of effort has been put in supporting lossless SRNS relocation for RB’s that have very high BLER demands:

· At PDCP level, PDCP sequence numbers are introduced, numbering individual PDCP SDU’s.

· PDCP SDU’s shall only be removed from the PDCP transmission buffer when all corresponding RLC PDU’s have been acknowledged. Retransmission of a complete PDCP SDU can be requested even if some RLC PDU’s belonging to this PDCP SDU have been acknowledged by RLC.

· At lossless relocation, UE and UTRAN exchange the “next expected UL PDCP SN” to be received (UTRAN informs UE) and the “next expected DL PDCP SN” (UE informs UTRAN).

In RRC, receiving the IE “Downlink counter synchronisation info” is normally seen as an indication for an SRNS relocation. If the SRNS relocation concerns any lossless RB’s, for each lossless RB the “next expected UL PDCP SN” is included in the IE “Downlink counter synchronisation info”.
For each RB for which the “next expected UL PDCP SN” is received, the RB is stopped at the relocation. After the RLC acknowledgement of the SRNS relocation response message has been received, all concerning RLC entities are re-established and the RB is again continued.
RRC clearly assumes that the SRNS relocation is handled with one RRC procedure. Stopping and starting of RLC SN’s as well as exchanging PDCP SN’s is all handled in the same RRC procedure.

2.2. Network behaviour w.r.t. lossless relocation
How the network (CN + UTRAN) internally is supposed to work can be obtained from stage-2 descriptions in [1] or [2]. Figure 1 shows figure 42 from [2].
From the description in the different stage-2’s, it is clear that the intention is to have the source-RNC handle traffic to the UE up to the point where it sends the message “7. Physical Channel Reconfiguration”. Then the source suspends its UL/DL receptions/transmissions and provides the target-RNC with the “next expected UL PDCP SN” in either the RNSAP RELOCATION COMMIT message, or the RANAP Context forwarding related messages.
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Figure 42: Combined Hard Handover and SRNS Relocation Procedure

Figure 1: Copied from [2]

Given the description in section 2.1 above, it should be clear that the “next expected UL PDCP SN” for each lossless RB should be present in “7. Physical Channel Reconfiguration”. Message 7 is transported inside messages 4,5 and 6, and coming from the target-RNC.  However the target-RNC is not capable of estimating up to what “next expected UL PDCP SN” the transmission in the source-RNC will progress up to the transmission of message 7. 
In order to solve this problem, [1] indicates when discussing the message 7:  

This message includes the new U-RNTI (from the target RNC) and the next uplink receive PDCP sequence number for each radio bearer configured to support lossless SRNS relocation (from the source RNC). 
So the intention seems to be that the source-RNC should insert the “next expected UL PDCP SN”’s before transmitting message 7.

3. Problem

Originally it was always the source that calculated the MAC-I for the message 7.  However during RAN2#30, it was identified that in this approach, having the source calculating the MAC-I required the source RNC to be completely aware of the ASN.1 syntax used by the target RNC. This not only on protocol release level, but also w.r.t any extensions that were introduced by the target RNC
. 

Several options were discussed, including informing the source about the amount of padding bits. In the end, a solution was chosen (CR1671) in which the message 7 is contained in a transparent container (octet string) in messages 4,5,6, and the target already included the correct MAC-I for this message.

This approach has the additional benefit that it allowed to change the Integrity Protection algorithm at SRNS relocation which could in the future be required in cases in which the source RNC and Target RNC do not support the same IP algorithms.

So from CR1671 (September 2002), both the old (source calculates the MAC-I) and new approaches can be used. The source-RNC decides which approach to use based on the yes/no inclusion of the IE “RB Indentity for Handover message”.

Given the required protocol version alignement, and the increased flexibility w.r.t. integrity protection algorithms, it is assumed that most implementations will now use the second approach. However, in this new approach it will not be possible for the source-RNC to update the contents of the message received from the target-RNC with the next expected SN in UL, which is required for the lossless relocation case.
4. Solutions

4.1. Source-RNC updates RRC message

Instead of having the target calculate the MAC-I, we could move the MAC-I calculation back to the source. Thus based on the new FRESH, and the inserted values for the next expected SN’s, the source could compute the MAC-I.
In order to support this appraoch, the the target-to-source container would need to indicate the amount of padding that is present in the extension container. In addition, the source would have to understand the ASN.1 syntax of the target-RNC sufficiently to find the DL counter synchronisation information. This might not always be guaranteed in case of critical extensions to the concerning DL message,
4.2. Separate Stop by Source-RNC
An alternative solution could possibly be based on:

1) The source-RNC stops the lossless RB’s explicitly before the SRNS relocation is initiated with a RB RECONFIGURATION message.
2) The messages 2,3,4 are extended with the “next expected UL PDCP SN” information.

3) Next the SRNS relocation combined with the hard handover is executed by the target-RNC with the correct “next expected UL PDCP SN” included in the message by the target-RNC.

This solution has the following implications:

1) Messages 2,3 and 4 need to be extended with the “next expected UL PDCP SN” information.

2) Update of a description of the target-RNC behaviour, since the target-RNC will explicitely have to start the RB’s at the relocation.

Comments:

· this solution has the drawback that in case the SRNS relocation fails, the service interruption will be much bigger then originally intended.

· it could also be wondered if Starting RB’s in combination with an SRNS relocation will be handled correctly by the UE. Section 8.2.2.4 states that the RB will only be started after the RLC acknowledgement on the SRNS relocation response message is received. However, including an “RB continue” in the IE “RB information to reconfigure” should be executed at the activation time. Thus the RB might be started to early. 
Note that if the SRNS relocation request message also contained the IE “ciphering mode info”, the RB would be suspended anyway up to the point of receiving the RLC ack on the SRNS relocation response message, which would prevend this problem.
4.3. Separate Stop by Target-RNC
An alternative solution could possibly be based on:

1) The target-RNC always stops the lossless RB’s explicitly at the SRNS relocation with a RB RECONFIGURATION message. No PDCP SN’s need to be included for lossless RB’s in this message.
2) After the relocation is completed, the target-RNC executes another SRNS relocation with a RB RECONFIGURATION procedure, now providing the “next expected UL PDCP SN” information it obtained from the soure-RNC, and continues the lossless RB’s again.

Since in this case all the handling is performed by the Target-RNC, no specification impact on Iu or Iur is foreseen.

Comment:

· An identical comment as the second comment made in 4.2 is applicable for this case. The IE “Ciphering mode info” might need to be included applying a (fake-) new ciphering configuration.
5. Proposal

Support for lossless relocation is an optional UE feature. In our understanding, so far the feature has not been implemented very frequently in UEs yet, and is hardly every implemented on the UTRAN side. 

In general if the SRNS relocaton execution rate is sufficiently low, loosing a few SDU’s at SRNS relocation should not be considered a big problem.

Therefore we propose to agree that the current limited support for lossless SRNS relocation is not considered an important problem and does not need to be addressed. It is considered sufficient to minute such an agreement in the meeting minutes.
Note that lossless SRNS relocation in combination with a cell update, URA update or SRNS relocation with UTRAN MOBILITY INFORMATION message is supported in the specifications (as far as we are aware). In these cases, the target-RNC only starts the SRNS relocation when it has received the correct “next expected UL PDCP SN” information from the source-RNC.
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� Knowing the complete ASN.1 syntax is required for the source-RNC in order to determine how many padding bits are present in the OCTET string received over Iu which contains the RRC message to be sent over the Uu. Over Iu, the combination of the “choice RRC message + RRC message” is padded up to octect alignment, whereas on the radio interface the RRC message will be padded up to octect alignment.





