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1. Introduction

At RAN3#39, RAN3 sent an LS [1] to RAN1 with some RAN3 concerns on the feature called Code Sharing during Compressed Mode. During the RAN1#36 meeting in Malaga, RAN1 concluded that the feature is to bring benefits even if there are some restrictions on the applicability of the feature as brought up by RAN3. 

RAN1 replied to RAN3 in LS[2], asking  RAN2/RAN3 to analyse the signalling complexity w.r.t. the following three alternatives. 

1. Per radio link. I.e. there would be one SF/2 channelization code signalled to the UE and to the Node B per each downlink DPDCH for each radiolink employing the code sharing feature. 

That is, only one shared channelization code is used for compressed mode frames for all TGPSes .

2. Per radio link. I.e. there would be one SF/2 channelization code signalled to the UE and to the Node B per each downlink DPDCH for each radio link employing this feature. The feature could be activated/deactivated per configured Transmission Gap Pattern Sequence (TGPS).  

that is, it is possible to select SF/2 method (R99/R6) per TGPS. If the R6 method is used, then only one shared channelization code is used for compressed mode frames for all TGPSes that use the R6 SF/2 method.

3. Per configured Transmission Gap Pattern Sequence. I.e. there would be one SF/2 channelization code signalled to the UE and to the Node B per each TGPS per downlink DPDCH for each radio link employing this feature.
that is, it is possible to select SF/2 method (R99/R6) per TGPS. If the R6 method is used, then one shared channelization code is used for compressed mode frames for each TGPS which use the R6 SF/2 method (the channelization code can be differenent to one used for different TGPS).
This document is to analyse the signalling impact for each option from RAN3 perspective.

Note: ANNEX 1 is showing the required changes to new IE: Compressed mode Code Information for each option.
2 Analysis of Impact on Signalling

2.1 Application of the new feature to Inter-Node B SHO

At RAN3#39 meeting, RAN3 concluded that application of this feature to SHO is feasible[1].  As described in LS[2] from RAN1, the feature is executed either per DPDCH (option 1) or per TGPS of DPDCH (option 2 and 3). 
 In this section we analyse the complexity of the code sharing feature when applied to the SHO in the following two cases.

Case 1) New RL is added to an existing RL on which the CM has already been activated

Case 2) CM is activated when UE has multiple RLs (DPDCH).
 2.1.1 Case 1

We analyse the following three cases:

A. New method is being executed for existing RL (DPDCH) and RNC decides to execute R99 method for the new RL (DPDCH).

(Analysis)

RNC needs to find a free channelization code for R99 method. There is no additional complexity introduced into  the R99 method.

B. R99 method is being executed for the existing RL (DPDCH) and RNC decides to execute new method for the new RL (DPDCH)

(Analysis)

RNC needs to find a suitable channelization code so that the compressed mode frames are not overlapping with the compressed mode frames of other UEs that share the given channelization code. However, since the RNC has the information regarding the shared code and the Transmission Gap Pattern Sequence Information for all UEs belonging to the cell, RNC can determine without any significant complexity, whether or not the new method can be applied for the RL (DPDCH).

C. New method is being executed for the existing RL (DPDCH) and RNC decides to execute the new method for the new RL (DPDCH)

(Analysis)

RNC needs to find a suitable channelization code so that the compressed mode frames are not overlapping with the compressed mode frames of other UEs that share the given channelization code. However, since the RNC has the information regarding the shared code and Transmission Gap Pattern Sequence Information for all UEs belonging to the cell, RNC can determine without any significant complexity, whether or not the new method can be applied for the RL (DPDCH).

As a conclusion, no additional complexity is foreseen for applying the feature to case 1, compared to the complexity of the existing R99 method. 
2.1.2 Case 2

We analyse the following two cases:

A. New method is applied to one RL (DPDCH) and R99 method is applied to the other (one or more) RL (DPDCH)

RNC needs to find the suitable channelization code and activation timing (TGCFN) that would enable the code sharing for one DPDCH. However, since RNC needs to consider only one DPDCH (R99 method is applied for the other DPDCHs), the complexity of enabling this scenario is the same as for non-SHO case.  

B. New method is applied to multiple RLs (DPDCHs)

RNC needs to find the suitable channelization code and activation timing (TGCFN) that would enable the code sharing for multiple DPDCHs under different cells. This requirement increases complexity compared to R99 method. It may also take more time to determine whether the code sharing can be utilised at all.

As said above, the complex case for application of this feature to SHO is only Case 2-B. Nokia believes that this complexity is a matter of algorithms implemented in the RNC. If there is no difference in signalling between the non-SHO case and the SHO case in the above case 2-B, it should not be excluded. 

Furthermore, there is no difference in complexity in the NodeB between the non-SHO and the SHO cases. 

2.2 Timing to signal the Channelization Code to NodeB in new method

In this section, the following two assumptions are proposed regarding the timing to signal to NodeB the shared channelization code used for compressed mode frames. This is to allow the analysis of the signalling impacts that is carried out in the next section.

(Assumption 1) 

RNC selects the shared channelization code before selecting the activation time. RNC signals the channelization code information to Node B with Transmission Gap Pattern Sequence information (ex. TRGPL and TGL1 etc). Therefore, the information is signalled in RL SETUP REQUEST/RL RECONFIGURATION PREPARE/RL RECONFIGURATION REQUEST.
 (Assumption 2) 

RNC selects the shared channelization code and activation time at the same time. RNC signals the channelization code information to Node B with Active Pattern Sequence Information (ex TGCFN). 

Therefore, the information is signalled in RL SETUP REQUEST/RL RECONFIGURATION COMMIT/RL RECONFIGURATION REQUEST/COMPRESSED MODE COMMAND.
Note: At RAN3#39 meeting Nokia proposed to adopt the assumption 2 in [3]. This issue should also be discussed at RAN1. Nokia proposes to ask RAN1 about their preferred assumption.

2.3. Analysis on Signalling Impact

In this section the signalling impactin RAN3 specifications is shown for the three options introduced by RAN1 in their LS.. The analysis is done based on the assumptions given in section 2.2 (6 analysis).

2.3.1 Option 1

(Assumption 1)

The number of channelization codes to be signalled to the Node B for the new method is one and it is signalled with TGPS information. Thus it is proposed to introduce the “Compressed Mode Code” IE - that would include  the Channelization Code information used for the compressed mode frames per DPDCH - in the RL Information of the same message that is conveying the Transmission Gap Pattern Sequence Information IE. 

The “Compressed Mode Code” IE needs to be introduced in RL ADDITION REQUEST. 

Expected changes are in ANNEX 2.
(Assumption 2)
The number of channelization codes to be signalled to the Node B in the new method is one and it is signalled with the Active Pattern Sequence Information. Thus it is proposed to introduce the “Compressed Mode Code Information” IE - that would include the Channelization Code information used for the compressed mode frames per DPDCH of each RL - in the message that is conveying the Active Pattern Sequence Information. 

The “Compressed Mode Code” IE, including the Channelization Code information per DPDCH, needs to be introduced in the RL information of RL ADDITION REQUEST. 

Expected changes are in ANNEX 3.
2.3.2 Option 2

(Assumption 1)

The number of channelization codes to be signalled to the Node B in the new method is one and it is signalled with the TGPS information. Thus it is proposed to introduce the “Compressed Mode Code” IE – that would include the Channelization Code information used for the compressed mode frames per DPDCH, and the corresponding TGPS Identifier - in the RL Information of the message that is conveying the Transmission Gap Pattern Sequence Information IE. 

The “Compressed Mode Code” IE needs to be introduced in the RL ADDITION REQUEST. 

Expected changes are in ANNEX 4.
(Assumption 2)

The number of channelization codes to be signalled to the Node B in the new method is one and it is signalled with the Active Pattern Sequence Information. Thus it is proposed to introduce the “Compressed Mode Code Information” IE – that would include the Channelization Code information used for compressed mode frames per DPDCH of each RL, and the corresponding TGPS Identifier - in the message that conveys the Active Pattern Sequence Information. 

The “Compressed Mode Code” IE including the Channelization Code information per DPDCH and the corresponding TGPS Identifier, needs to be introduced in the RL information of the RL ADDITION REQUEST message.

Expected changes are in ANNEX 5.

2.3.3 Option 3
(Assumption 1)

The channelization code to be signalled to the Node B in the new method is allocated per TGPS of each DPDCH and it is signalled with TGPS information.,Thus it is proposed to introduce the “Compressed Mode Code” IE that would include the Channelization Code information used for compressed mode frames per TGPS of each DPDCH. This new IE should be included in the in RL Information of the message that is conveying the Transmission Gap Pattern Sequence Information IE. 

The “Compressed Mode Code” IE needs to be introduced in the RL ADDITION REQUEST message.

Expected changes are in ANNEX 6.

(Assumption 2)

The channelization code to be signalled to the Node B in the new method is allocated per TGPS of each DPDCH and it is signalled with Active Pattern Sequence Information. Thus it is proposed to introduce the “Compressed Mode Code Information” IE that would include the Channelization Code information used for the compressed mode frames per TGPS of each DPDCH of each RL. This new IE should be included in the message  that is conveying the Active Pattern Sequence Information. 

The “Compressed Mode Code” IE, including the Channelization Code information per TGPS of each DPDCH,  needs to be introduced in the RL ADDITION REQUEST message.

Expected changes are in ANNEX 7.

 3. Solution for Signalling based on Assumption 2

At the last RAN3#39 meeting, Nokia proposed to adopt assumption 2 in section 2.2 of this document and to introduce new IE: Compressed Mode Code Information IE in NBAP in order to enable Code Sharing during Compressed Mode[4]. During the meeting the needs to have some considerations on criticality for the new IE were raised up. At this section we summarize the issues and to propose the solution.

Note: This issue is applied for all three option if we adopt assumption 2. If we adopt assumption1, we do not need to consider this issue at all.

3.1. Criticality of new IE: Compressed Mode Code Information

At this section, we summarize the issues for each NBAP Message in case criticality of the new IE is set to “Ignore” and “Reject”. 

In the below Criticality cases it is assumed that Node B doesn’t support new CM method (Code Sharing). 

3.1.1 Criticality : Ignore

(RL SETUP REQUEST)

After the reception of the message, Node B establishes the RL and executes current SF/2 method for the RL(Since Node B ignores the new IE) whereas UE executes new method. Therefore, channelization code used for the CM frames between UE and Node B is different. 

· Problem, 
(RL ADDITION REQUEST)

After the reception of the message, Node B establishes the RL and executes current SF/2 method for the RL whereas UE executes new method for RL. Therefore, channelization code used for the CM frames between UE and Node B is different. 

· Problem
(RL RECONFIGURATION COMMIT)

After the reception of the message, Node B executes the new configuration and executes current SF/2 method for the RLs whereas UE executes new method for RLs. Therefore, channelization code used for the CM frames between UE and Node B is different. 

· Problem
(RL RECONFIGURATION REQUEST)

After the reception of the message, Node B executes the new configuration and executes current SF/2 method for the RLs whereas UE executes new method for RLs. Therefore, channelization code used for the CM frames between UE and Node B is different. 

· Problem
(COMPRESSED MODE COMMAND)
After the reception of the message, Node B executes current SF/2 method for the RL whereas UE executes new method for RL. Therefore, channelization code used for the CM frames between UE and Node B is different. 

· Problem

3.1.2 Criticality : Reject

(RL SETUP REQUEST)

After the reception of the message, Node B replies RL SETUP FAILURE. 
· No problem
(RL ADDITION REQUEST)

After the reception of the message, Node B replies RL ADDITION FAILURE. 

· No problem
(RL RECONFIGURATION COMMIT)

After the reception of the message, Node B replies ERROR INDICATION.  

In case RNC does not send RRC message to trigger CM in UE before reception of the ERROR Indication

· No problem 

In case RNC sends the RRC message before reception of ERROR INDICATION, inconsistency between UE and Node B generates. 

· Problem
(RL RECONFIGURATION REQUEST)

After the reception of the message, Node B replies RL RECONFIGIRATIOM FAILURE. 

· No problem

(COMPRESSED MODE COMMAND)
After the reception of the message, Node B replies ERROR INDICATION.  

In case RNC does not send RRC message to trigger CM in UE before reception of the ERROR Indication

· No problem 

In case RNC sends the RRC message before reception of ERROR INDICATION, Inconsistency between UE and Node B generates. 

· Problem
3.2 Proposal
Two solutions are proposed for the issue described in 3.1. 

3.2.1 Solution 1

The first of the solutions is as follows.

· “reject” as criticality of new IE in RL SETUP REQUEST, RL ADDITION REQUEST and RL RECONFIGURATION REQUEST. 
· “Ignore” as criticality of new IE in RL RECONFIGURATION COMMIT and COMPRESSED MODE COMMAND. 
· Introduction of other new IE, named Code Sharing Capability IE that shows whether Node B supports the new CM method or not. The Code Sharing Capability IE should be added into the RL RECONFIGURATION READY/RL SETUP RESPONSE messages against the initiating message(i.e. RL RECONFIGURATION PREPARE/RL SETUP REQUEST) with Transmission Gap Pattern Sequence Information IE and the Downlink Compressed Mode Method IE is set to "SF/2 . Therefore, RNC knows whether Node B supports new CM method or not before sending RL RECONFIGURATIOM COMMIT and COMPRESSED MODE COMMAND to trigger the new CM method in Node B and we can avoid that RNC sends RL RECONFIGURATION COMMIT/COMPRESSED MODE COMMIT with Compressed Mode Code Information IE to the Node B that does not support the new CM method. 
3.2.2 Solution 2

The second proposal is as follows.

· Ignore” as criticality of new IE in RL SETUP REQUEST, RL ADDITION REQUEST, RL RECONFIGURATION REQUEST, RL RECONFIGURATION COMMIT and COMPRESSED MODE COMMAND. 

· Introduction of other new IE, named Code Sharing Capability IE that shows the Node B supports the new CM method in Local Cell Information of RESOURCE STATUS INDICATION and AUDIT RESPONSE. Therefore, RNC knows whether the Node B supports new CM method or not before executing new CM method and we can avoid that RNC sends the five messages with Compressed Mode Code Information IE to the Node B does not support the new CM method.

Nokia preferssolution 2 for the following reasons:

- in principle it is enough that the Code Sharing Capacility IE is transmitted over Iub only once 

- only RSI and Audit procedures are needed to be updated.

ANNEX 8 is attached to show the required changes in NBAP if solution1 is selected based on option 1-assumption 2. 

ANNEX 9 is showing the required changes in NBAP if solution2 is selected based on option1-assumption2.

 4. Conclusion

This contribution showed the signalling impacts in NBAP  for implementing the new SF/2 Compressed mode method. 

Based on this contribution it is proposed that the following is answered to RAN1:

(RAN1 question) 

Is there a clear signalling complexity difference between the presented options?

(RAN3 answer) 

 No, from the signalling viewpoint the complexity is the same in all options. No new messages are needed, but some new IEs will be required and the required IE contents would vary depending on the option.

(RAN1 question)

Could any, some or all of the options be considered to be introducing only a small incremental complexity to the signaling?
(RAN3 answer)

Because the signalling complexity in all the options are the same, there is no possibility from the signalling point of view to say which option has the smallest incremental complexity. However, the number of IEs included in the required new IE (called “Compressed Mode Code Information” IE) are different and as stated below. 

· Option 1 : 4 IEs

· Option 2 : 5 IEs
· Option 3 : 5 IEs
In addition, it is proposed to ask RAN1 about the timing to signal the shared channelization code to the Node B (Assumption 1 or Assumption 2).
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