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1 Introduction
In last meeting, the PDCP SN extension was agreed and the user plane impact was analyzed in [1]. In the contribution, we will further discuss the handover related issue for the extended PDCP SN w. r. t the following scenarios:
· Handover from the R8/9/10 eNB to the R11 eNB

· Handover from the R11 eNB to the R8/9/10 eNB

· Handover between the R11 eNBs
2 Discussion
2.1
Handover from the R8/9/10 eNB to the R11 eNB
When the UE performs the handover from the legacy eNB to the R11 eNB, it is possible that the extended PDCP SN will be used in the target eNB.  In the previous release, the PDCP SN is not allowed to be reconfigured, so the first issue is how to change 12 bit PDCP SN to the extended PDCP SN if needed when the UE performs handover from the legacy eNB to the R11 eNB. Two following options can be considered:

Option 1: the PDCP SN of a bearer can be changed by removing and adding this bearer again in the handover command.

Option 2:  the extended PDCP SN can be directly reconfigured in the handover command.
For the option 1, it is also obvious that the lossless handover cannot be assured due to the DRB releasing. And the user experience is possibly impacted. 
For the option 2, it means that the PDCP SN can be reconfigured. Therefore a little specification impact is foreseeable, for example to support the delta configuration for the PDCP SN. In addition, both the target eNB and the UE need to renumber the PDCP SN of the buffered PDCP SDUs and the corresponding PDCP status report should be changed according to the new renumbered PDCP SN. The benefit is the UE can quickly obtain the higher data rate so that the excellent user experience can be assured.

Because there is no complex specification impact for the option 2, we think it is preferred to support the PDCP SN reconfiguration in the handover command.
Proposal 1: the PDCP SN can be reconfigured from lower value to higher value in the handover command when the UE performs handover from the R8/9/10 eNB to the R11 eNB.
2.2
Handover from the R11 eNB to the R8/9/10 eNB
In LTE R9, the backward compatibility issue of handover to the legacy eNB had been discussed, and RAN2 finally agreed to introduce the full configuration mechanism. The main idea of the full configuration is the PDCP SN and HFN are reset in the target eNB and there is no PDCP SDU retransmission in the target eNB for the RLC-AM bearers. In details, the target eNB will identify those PDCP SDUs with PDCP SN by checking the GTP-U header, and discard them.  From UE side, after receiving the handover command with full configuration, the UE delivers received PDCP SDUs from the source cell to the higher layer regardless of possible gaps. And the UE discards those uplink PDCP SDUs for which transmission was attempted [2].  Of course, the full configuration is not applicable for the handover to the R8 eNB.  
Observation 1: For handover to the legacy eNB (except the R8 eNB), the full configuration mechanism can be reused in case the extended PDCP SN is configured in the source eNB.

However it is obvious that the lossless handover cannot be assured for RLC-AM bearers by the full configuration mechanism. And the impact may be more serious due to the following reasons:
· The packet error loss rate will further increase compared with the previous releases due to the higher data rate in LTE R11. 
· The full configuration utilization will be a little frequent during HO from the R11 eNB to the legacy eNB due to the introduction of new features.
Considering the main motivation of introducing the extended PDCP SN is to avoid the HFN unsynchronized and data loss during HO in case lots of packets are brought in flight [1]. Therefore we think it is necessary to firstly discuss and decide whether the lossless handover should be supported when the PDCP SN size is different between the source R11 eNB and target legacy eNB. 
Proposal 2: RAN2 should firstly decide whether the lossless handover should be supported for handover from the R11 eNB to the legacy eNB case.
If the lossless handover is not required, the full configuration shall be reused because there is no new specification impact.
Proposal 3: If the lossless handover is not required, the full configuration shall be reused and no new mechanism is needed
If RAN2 thinks that the lossless handover should be supported, the following solutions can be considered: 
Solution 1:  the enhanced full configuration mechanism
The enhanced full configuration procedure is shown in the figure 1. The difference compared with current full configuration mechanism is:

If the full configuration is used, the source eNB shall cancel the allocated PDCP SN for those PDCP SDUs and forwards all PDCP SDUs as the fresh data, so that the target eNB will not discard any one of those forwarded PDCP SDUs.  At the same time, if we want to avoid the uplink packet loss, the R11 UE can always continue to transmit those uplink PDCP SDUs for which transmission was attempted as the fresh data by removing the old PDCP SN when it found the full configuration is indicated in the handover command. For these PDCP SDUs, how to map them to the new configured DRBs for transmitting can leave as the UE implementation. In this way, the data loss can be avoided. But it may result in a number of duplicated and or discontinuous data packets in the upper layer. 
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Figure 1: the enhanced full configuration mechanism

Solution 2: the source eNB reconfigures the extended PDCP SN to the legacy PDCP SN before HO.
As shown in the figure 2, when the source eNB foresees that the handover to the legacy eNB will possibly happen, the source eNB may firstly perform the PDCP SN reconfiguration by the normal RRC reconfiguration procedure. After the PDCP SN reconfiguration is completed, the source eNB can send the handover request message to the target eNB to prepare the handover if necessary. However the solution is not easy to operate in the eNB and the change of the receiving window will take some time. If the PDCP SN reconfiguration is performed too early, it means the extended PDCP SN cannot be used in a long time and the data rate will be decreased.  If the source eNB reconfigures the PDCP SN when it identifies the HO will immediately happen, there is a high risk of RLF because the probability of missing the handover command is large.
In addition, the source eNB does not know the capacity information of the neighbor eNB according to in the current specification. Therefore, in order to identify whether the target eNB can support the extended PDCP SN, the source eNB must obtain the configuration information of the target eNB through X2 interface or OAM in advance. Obviously it will bring the new specification impact if through X2 interface. 
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Figure 2: PDCP SN reconfiguration before HO

Solution 3: the source eNB and the UE synchronously re-number the extended PDCP SN of the buffer PDCP SDUs to the legacy PDCP SN during HO. 
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Figure 3: PDCP SN re-numbering during HO
Like the solution 2, the source eNB must get the configuration information of the target eNB through X2 interface or OAM before the handover is triggered. In order to avoid the full configuration using in the target eNB, the source eNB will modify the PDCP SN configuration information to the legacy PDCP SN configuration (e.g., from 14 bits to 12 bits) as the AS configuration in the handover require message. As shown in the figure 3, the source eNB will stop the packet transmission and re-number the extended PDCP SN to the PDCP SN which the target eNB can support when the source eNB receives the handover require ack message from the target eNB. In order to let the UE know whether the PDCP SN should be re-numbered to the legacy PDCP SN, the source eNB should add one special indicator in the handover command to notify the UE.
In details, the source eNB should re-number the PDPC SN of those DL PDCP SDUs for RLC-AM bearers which are with the extended PDCP SN but their transmission have not been successfully completed. And the UE should also synchronously re-number those DL PDCP SDUs which are discontinuously received when it receives the handover command. For the UL transmission, the operation is also similar. The further re-numbering details can be FFS.

As a summary, we analyze and compare above three solutions in table 1 as below:

Table 1: Comparison on enhanced solutions
	Potential solutions
	Protocol impact
	Implementation impact
	Performance impact 

	1. 
enhanced full -configuration
	- The source eNB checks whether full configuration is used by the target eNB.

	To eNB: 

- Probably no impact on target eNB;

- The source eNB needs to check whether full configuration will be used by target and removes the allocated PDCP SN for those PDCP SDUs and forwards all PDCP SDUs as the fresh data if needed.
To UE:

- The UE should continue to transmit those uplink PDCP SDUs for which transmission was attempted as the fresh data by removing the old PDCP SN and map these PDCP SDUs to the suitable DRBs for transmitting.
	- May result in a  number of duplicated  packets in the upper layer

	2. 
PDCP SN reconfiguration before HO
	- The source eNB gets the information whether the extended SN is supported by the target eNB.
- support the PDCP SN reconfiguration
	To eNB: 

- Probably no impact on target eNB

- The source eNB needs to check whether full configuration will be used by target and reconfigures the PDCP SN in suitable time.
To UE:

- The UE needs to support the PDCP SN reconfiguration.
	- The handover failure probability will increase due to the delay caused by PDCP SN reconfiguration.
- The data rate will decrease if the reconfiguration is early performed.

	3. 
PDCP SN re-numbering
	- The source eNB gets the information whether the extended SN is supported by the target eNB.
- New indicator in HO command to trigger renumbering

- to specify how to renumber the PDCP SN
	To eNB: 

- Probably no impact on target eNB

- The source eNB needs to check whether the extended PDCP SN can be used by the target eNB, and if no, transfers fake PDCP configuration to the target eNB and renumbers the PDCP SN for data forwarding.
- The source eNB should add one new indicator in HO command to trigger renumbering.
To UE:

- Renumbering the PDCP SN based on the new indication
	- The lossless handover cannot be always assured, because the full configuration mechanism still needs to be used if other parameters cannot be supported by target eNB.


From above analysis, it is obvious that the solution 1 is simpler than the other solutions either from implementation impact or from the specification impact point of view. So we prefer the solution 1 if lossless handover is needed.
Proposal 4: If the lossless handover should be supported for the extended PDCP SN, the enhanced full configuration mechanism should be adopted.
2.3
Handover between the R11 eNBs
From the handover procedure and data forwarding point of view, there is no obvious difference with the legacy handover. But there is still a little specification impact on RAN3. For example, the following IEs in the SN STATUS TRANSFER message of 36.423 and the eNB Status Transfer Transparent Container of 36.413 should be updated:
· DL COUNT value

· UL COUNT value

· Receiver status of UL PDCP SDUs

Proposal 5: send an LS to RAN3 to ask them to capture extended PDCP SN in their specifications.
3 Conclusion

In this contribution, we investigate the handover related issue for the extended PDCP SN and propose that:

Proposal 1: the PDCP SN can be reconfigured from lower value to higher value in the handover command when the UE performs handover from the R8/9/10 eNB to the R11 eNB.
Proposal 2: RAN2 should firstly decide whether the lossless handover should be supported for handover from the R11 eNB to the legacy eNB case.

Proposal 3: If the lossless handover is not required, the full configuration shall be reused and no new mechanism is needed.
Proposal 4: If the lossless handover should be supported for the extended PDCP SN, the enhanced full configuration mechanism should be adopted.

Proposal 5: send an LS to RAN3 to ask them to capture extended PDCP SN in their specifications.
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