3GPP TSG-RAN WG2 Meeting #85
R2-140424
Prague, Czech Republic, February 10th - 14th, 2014
Agenda item:
7.2.1
Source:
BROADCOM CORPORATION
Title:
SCG handover for Dual Connectivity 
Document for:
Discussion and Decision

1. 
Introduction

One of the agenda items in RAN2#84 meeting was on how to realize the SCG handover. The options are:

· To realize the SCG handover of old SCG release followed by new SCG addition. The procedures are detailed in the sections G.1 and G.2 of [1].

· To have a separate procedure for realizing SCG handover where the release of the old SCG and the addition of the new SCG are done in an interleaved fashion

This paper proposes that the latter scheme be adopted. It also details the signalling involved in having a separate procedure and the advantages resulting from this scheme.
2. 
Discussion

The following sections discuss the various aspects of SCG handover that can be optimized. The signalling procedure that can be used to realize SCG handover as one separate procedure is detailed in 2.2. The salient features of adopting such a procedure are mentioned in 2.3
2.1. Considerations on SCG handover
The MCG which maintains the RRM state of the UE will try to ensure that the SCG the UE is connected to is the optimal one. If the source SCG is deteriorating, it will try to find a target SCG as soon as possible.  Hence, in many cases unless the MeNB decides to de-configure dual connectivity, the identity of the target SCG is already known at the time of the release of source SCG. This is when SCG handover can be implemented as a special procedure.
Observation 1:  When the target SCG has already been decided at the time of releasing the older SCG, it is possible to implement the release of the old SCG and the addition of the new SCG together as an SCG handover procedure.
The procedures for SCG release and SCG addition are detailed in the sections G.1 and G.2 of [1]. Implementing them in a sequential manner to realize SCG handover has the following implications: 
· As a part of handling the SeNB release, any SeNB-specific 1A bearers which were associated with the source SeNB need to be either modified to be MeNB-specific 1A bearers or need to be dropped.

· As a part of handling SeNB addition, any MeNB-specific 1A bearers which earlier might have been associated with the source SeNB, need to be either modified to be target SeNB-specific 1A bearers or dropped

· The above means that the same 1A bearer may need to be modified twice. 

· There is also a chance that if the release is done without addition in mind, some 1A bearers may get dropped even though the target SeNB could have handled them

Observation 2:  The 1A bearers which were associated with the source SeNB need to be modified twice before they get associated with the target SeNB. 

Observation 3: During the source SeNB release, any 1A bearers that cannot be supported by the MeNB risk getting dropped unless the MeNB handles them specially keeping in mind the target SeNB addition which will follow
· For implementing lossless SeNB release, PDCP SN status transfer and data forwarding need to happen from the source SeNB to the MeNB for any of the SeNB-specific 1A bearers that need to be retained.
· For implementing lossless SeNB addition, PDCP SN status transfer and data forwarding need to happen from the MeNB to the target SeNB for any of the MeNB-specific 1A bearers that are being transferred to the target SeNB. These bearers might have been initially associated with the source SeNB.

· The above also mean that the same PDCP data may need to be forwarded first from source SeNB to the MeNB and then from MeNB to the target SeNB. This increases the traffic on X2/Xn and also adds to the delays of the packets.
Observation 4: Implementing lossless source SeNB release and lossless target SeNB addition in a sequential fashion mandates PDCP SN status transfer and data forwarding first from source SeNB to the MeNB and then from MeNB to the target SeNB. This increases the traffic on X2/Xn. This also adds to the delays of the packets.
Several steps that occur in both SeNB release and SeNB addition can be parallelized:
· The communication with the UE to convey the source SeNB release and the target SeNB addition. RRC procedure delay that involves retuning of the RF may be to the order of 20 ms along with any MAC/PHY reconfiguration. In case of separate procedures, the delay due to these reconfigurations and the associated signalling will be twice.
· The communication with the MME to modify 1A bearers associated with the source SeNB to get eventually associated with the target SeNB
All the above are the aspects in which a single procedure for SCG handover can be made different from the procedure of release followed by addition.
Observation 5: The problems mentioned in this document can be solved by adopting a single procedure for SCG handover instead of SeNB release followed by SeNB addition.

Proposal 1: RAN2 should decide in favour of adopting a single procedure for SCG handover instead of SeNB release followed by SeNB addition.
2.2. Signalling for separate procedure for SCG handover
The MSC below shows a single procedure for SCG handover instead of the release of the current SeNB followed by the addition of another SeNB as the new serving SeNB.
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1. The MeNB decides to to remove the source-SeNB resources towards the UE and to request the target-SeNB to add radio resources for a specific E-RAB.

2. The MeNB requests the target-SeNB to allocate radio resources. Depending on the actual scenario, it might contain E-RAB characteristics (E-RAB parameters, TNL address information corresponding to the UP option), UE Capabilities and the current radio resource configuration of the UE etc.
3. If the RRM entity in the target-SeNB is able to admit the resource request, it configures respective radio resources and, dependent on the UP option, respective transport network resources. The target-SeNB may also allocate dedicated RACH preamble for the UE so that synchronisation of the SeNB radio resource configuration can be performed.

4. The target-SeNB provides the new radio resource configuration to the MeNB (for UP alternative1A  it may contain, dependent on the actual scenario, S1 DL TNL address information for the respective E-RAB, for UP alternative 3C X2 DL TNL address information).

5. The MeNB endorses the new configuration and requests the source-SeNB to release its resources along with target-SeNB details.

6. The source-SeNB follows the MeNB’s request.

7. The source-SeNB responds to the MeNB’s release request.

8. The MeNB triggers the UE to apply the new configuration. The UE starts to apply the new configuration. More details of RRC configurations are considered in [5].

9. The UE stops DL/UL activity on source-SeNB
10./11.
In case of UP option 1A and respective E-RAB characteristics the MeNB may take actions to minimise service interruption due to release of source-SeNB resources (Data forwarding, SN Status Report).
12./13.
In case of UP option 1A the source SeNB may, dependent on respective E-RAB characteristics, take actions to minimise service interruption due to handover to target SeNB.
14./15.
In case of UP option 1A the MeNB may, dependent on respective E-RAB characteristics, take actions to minimise service interruption due to activation of dual connectivity with target SeNB (Data forwarding, SN Status Report). 

16. The UE completes the reconfiguration procedure.

17. The UE performs synchronisation towards the cell of the target-SeNB if needed. The order of the RRC Connection Reconfiguration Complete message (steps 16) and the synchronisation procedure (step 17).

18. The target- SeNB reports to MeNB the detection of synchronisation with the UE, confirming that the new configuration is in use. Receipt of the message in step 18 by the MeNB successfully completes the overall SeNB Addition/Modification procedure on X2. Depending on the decision on the order of RRC reconfiguration and synchronisation or on the support of synchronisation, step 18 might be either necessary as described above or in the reverse direction (from MeNB to target-SeNB).

19. UE start DL/UL activity on the target-SeNB

20.-22. For UP option 1A, if applicable, the update of the UP path towards the EPC is performed. 

Proposal 2: RAN2 should consider adopting the procedure mentioned in this document for SCG handover
2.3. Salient features and challenged of having a separate procedure for SCG handover 
The salient features of a single procedure for SCG handover are: 

· For 1A bearers, SN status transfer and Data forwarding can happen directly between source and target SeNB for the bearers that the target SeNB can support. This will require that the target S-eNB information be given to the source SeNB which can only be done if it is a single procedure. But this will also result in issues if the source SeNB release was successful but the SeNB Addition was not. Hence this forwarding can be done only after receiving the SeNB addition complete from the target SeNB. This information is with the MeNB. Also, the source SeNB needs information on which of its 1A bearers will be transferred to the target-SeNB and which will be taken by the MeNB (in case target SeNB cannot support all of them). Hence in the diagram, release in queued after addition exchange between MeNB and target SeNB

· Data forwarding and SN transfer between source SeNB and MeNB as well as MeNB and target S-eNB are still necessary for 1A bearers. (The MeNB may decide to handover fewer or more bearers to the target SeNB than there were with the source SeNB.

· There will be reduced signaling towards MME and S-GW, E-RAB modification and bearer modification for 1A bearers 

The challenges of this procedure are:
· The MeNB must wait for status from both SeNBs before sending the reconfiguration to the UE.

· For 3C bearers, the differences are regarding at what point the data to/from the source SeNB is stopped and at what point it is resumed.
· For 3C bearers, any data which was unsuccessful in getting transmitted through the source SeNB link and post RLC reset, needs to be retransmitted by the MeNB or the target SeNB. To make this possible, the UE needs to send PDCP status reports. These can be sent to the MeNb and MeNB can retransmit either directly to the UE or through the target SeNB (which already has the encrypted data). The status reports can also be sent to the target SeNB. The target SeNB will however need to forward it to MeNB which in turn will retransmit packets directly to the UE or through the target SeNB
3. Conclusion

Observation 1:  When the target SCG has already been decided at the time of releasing the older SCG, it is possible to implement the release of the old SCG and the addition of the new SCG together as an SCG handover procedure.

Observation 2:  The 1A bearers which were associated with the source SeNB need to be modified twice before they get associated with the target SeNB. 

Observation 3: During the source SeNB release, any 1A bearers that cannot be supported by the MeNB risk getting dropped unless the MeNB handles them specially keeping in mind the target SeNB addition which will follow
Observation 4: Implementing lossless source SeNB release and lossless target SeNB addition in a sequential fashion mandates PDCP SN status transfer and data forwarding first from source SeNB to the MeNB and then from MeNB to the target SeNB. This increases the traffic on X2/Xn. This also adds to the delays of the packets.

Observation 5: The problems mentioned in this document can be solved by adopting a single procedure for SCG handover instead of SeNB release followed by SeNB addition.

Proposal 1: RAN2 should decide in favour of adopting a single procedure for SCG handover instead of SeNB release followed by SeNB addition.

Proposal 2: RAN2 should consider adopting the procedure mentioned in this document for SCG handover
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