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1. Introduction
In RAN2#79, RAN2 had achieved the following agreements about PDCP SN extension [1]:
	Length of extended PDCP SN
=>
Length is 15 bits.

Type of DRBs using extended PDCP SN

=>
Extended PDCP SN is used only for AM DRB.

Configuration of extended PDCP SN

=>
Configured per AM DRB, per DL and UL. 
New PDCP status report

=>
15 bits for FMS.

- Increase BITMAP length?
=>
Increase BITMAP length according to the extended SN.

X2 signaling for handover with extended PDCP SN

=>
Send LS to RAN3/CT4 with all agreements in UP session about PDCP SN extension 
PDCP SN change

=>
Rely on full-configuration. 




In this contribution, we further analyse the handover scenario involving short-to-long PDCP SN reconfiguration and propose to support lossless handover in this case. 
2. Discussion
2.1. Handover scenario and data loss
15-bits PDCP SN, agreed by the last RAN2 meeting, is a new feature and is only applied for the Rel-11 and the latter eNBs. That is to say that Rel-10 and the former eNBs can not support PDCP SN extension feature.
From the perspective of operators’ deployment, handover scenarios between the high release eNBs and the low release eNBs may not be avoided completely, e.g.:
· In the period of network update, the coverage of higher release eNBs will be increased gradually.
· In a regular deployment, coexistence of high release eNBs and low release eNBs may not be excluded, e.g. based on operator’s specific policy or inter PLMNs case.
If in the above scenarios handover is involved between a supporting PDCP SN extension eNB and a non-supporting eNB, it is possible to face a short-to-long PDCP SN change.
According to the agreement of last meeting, Full Configuration is used to handle all the cases of SN change. The most outstanding demerit of Full Configuration is data loss. The maximum number of lost SDUs is almost 4095, which occurs in a case that the distance between the first unconfirmed PDU and the next new transmitted PDU is 4095. The usual maximum size of IP packet is 1500bytes. Then the maximum lost data volume is about 6Mbytes (4095*1500bytes). These lost 6MB data will have a non-neglected impact in user’s service continuity and damage the user’s experience. Moreover the wasted DL traffic flow will increase the money consumption of the users with charging based on flow volume.
Observation 1: Handover involving short-to-long PDCP SN reconfiguration may not be avoided completely and data loss in this scenario will badly damage the user’s experience.
When a UE hands over from a Rel-11 eNB to a legacy eNB, Full Configuration is mandatory because of signaling compatibility. That is to say data loss in case of long-to-short SN reconfiguration can not be avoided. But in the contrary direction, Full Configuration is not mandatory for the case of short-to-long SN reconfiguration. If data lossless can be achieved in this case, user’s experience will be increased greatly. 

In the following sections, the feasibility and complexity of supporting lossless in the case of short-to-long SN reconfiguration will be discussed further.
2.2. Feasibility of supporting lossless
In a handover from a legacy eNB to a Rel-11 eNB, source eNB only performs legacy procedure and target eNB decides whether a short-to-long SN reconfiguration will occur or not. If extended SN size is configured, target eNB may perform SN and HFN rebuilding procedure after receiving the SN status information and forwarded SN from source eNB. The new SN range is larger than the old one. The number of PDCP PDUs on the fly is smaller than the handling range of the new SN size. Hence SN confusion and overflow of out of order will not occur. There is no problem theoretically to support lossless handover involving short-to-long SN reconfiguration.
The figure below depicts the basic handover scenario where short-to-long SN reconfiguration occurs:
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Figure 1 HO involving short-to-long SN reconfiguration
Below it is a more detailed description of the HO procedure involving short-to-long SN reconfiguration.
Before HO, synchronization of legacy SN and HFN is maintaining between UE and the source eNB.
· Step 1~3: follow the legacy procedure.
· Step 4: Admission Control and decision of SN size change may be performed by the target eNB. Extended SN size may be configured if needed;
· Step 5: Extended SN configuration is transferred to the source eNB.
· Step 6: Extended SN is configured to the UE. When UE knows that a short-to-long SN reconfiguration occurs, UE performs SN and HFN rebuilding procedure for the PDCP status variables and SN related to the packets according to figure2. 

· Step 7: SN status transfer and data forwarding may follow the legacy procedure, i.e. size of bitmap and SN size of GTP-U packets keep to the legacy specification. When the target eNB receives the SN information and forwarded packets, the target eNB performs SN and HFN rebuilding procedure for the PDCP status variables and SN related to the packets according to figure2.
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· Step 8 and the latter: HO procure follows the current specifications and data transmission follows the Rel-11 PDCP specification to support extended SN size.

Observation 2: It is feasible to support lossless handover when short-to-long PDCP SN reconfiguration occurs.
2.3. Complexity of supporting lossless
From the above section 2.2 discussions, in order to support lossless handover when short-to-long SN reconfiguration occurs, there is no need to change the current handover signalling and procedure. The only additional efforts are to perform SN and HFN rebuilding operations respectively in the target eNB and the UE during the Handover Execution stage. Rebuilding rules are very simple and the increased processing complexity is limited.
About specification efforts, rebuilding operations will be added to the descriptions of UE’s handover behaviour and eNB’s handover behaviour, respectively. Corresponding TS 36.300 CR and TS 36.323 CR are given in [3] and [4].
Observation 3: In order to support lossless handover involving short-to-long PDCP SN reconfiguration，both specification efforts and increased processing complexity are small and acceptable.
Hence from the perspective of prioritizing the user’s experience, we propose:
Proposal: It is proposed to support lossless handover when short-to-long PDCP SN reconfiguration occurs.
3. Conclusion
In this contribution, we propose to support lossless handover involving short-to-long SN reconfiguration in LTE Rel-11. We have made the following observations:
Observation 1: Handover involving short-to-long PDCP SN reconfiguration may not be avoided completely and data loss in this scenario will badly damage the user’s experience.

Observation 2: It is feasible to support lossless handover when short-to-long PDCP SN reconfiguration occurs.
Observation 3: In order to support lossless handover involving short-to-long PDCP SN reconfiguration，both specification efforts and increased processing complexity are small and acceptable.
We have made the following proposal:

Proposal: It is proposed to support lossless handover when short-to-long PDCP SN reconfiguration occurs.
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