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1. Introduction
At RAN#71, the new Rel-14 WID “Further mobility enhancements in LTE” got approved in [1]. At proceeding RAN3#91bis, some initial WG-level discussion was made, and its WF was captured in [2]. Furthermore, the incoming LS from RAN2 in [3] indicate its latest status in other leading group. In this contribution, we shall further consider the relevant issues of various solutions jointly.
2. Discussion
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Figure 1: Overall HO procedure analysis

The overall HO procedure can be divided into 3 parts: “Part 1: Before HO”, “Part 2: During HO”, and “Part 3: After HO”, as shown in Figure 1 above.
Part 1: Before HO
In S4: RRC Connection Reconfiguration (HO command or DC configuration), UE should get indicated from source eNB how its user data transfer with source eNB is handled, e.g. DL and/or UL stopped immediately or continued or split etc. With the motivation of this WID, UE is supposed to maintain its DL/UL user data transfer with source eNB as long as possible before and after its connection with target eNB gets established.

Part 2: During HO
In S5a: the generic step: “messages for coordination” are potentially needed, because target eNB should be aware of what is ongoing on source eNB side, so as to get ready for subsequent actions. Since the source eNB may continue DL/UL user data transfer with UE, hence source eNB could determine either per legacy principle: omitting sending the legacy “SN Status Transfer” message here, or sending some kind of “enhanced SN Status Transfer” message or other messages with some useful info, i.e. telling target eNB that which of the buffered/pending DL/UL PDCP SDUs will be still transferred in the source connection, and what kind of mobility decisions were taken by source eNB.

In S5b: Potential Data Forwarding, to our current understanding, the source eNB could only forward freely the downlink PDCP SDUs that are supposed to be transferred in the target connection, but the uplink successfully received but out of sequence PDCP SDUs can only be forwarded to the target eNB only when data transfer with source connection is stopped. There is one controversial issue with S5a/S5b: whether they can be totally left to implementation? Or should any improved behaviours be specified, i.e. in order to minimize packet loss/duplication during HO? Since we are targeting for mobility enhancement with this WID, as stated above, it is worth specifying some improved behaviours here.
Proposal 1a: After sending HO command or equivalent messages to UE in S4, source eNB may send some messages for coordination (i.e. DL/UL SN Status etc) to target eNB. The necessity and exact content of “messages for coordination” is FFS.
Proposal 1b: After sending HO command or equivalent messages to UE in S4, it is up to source eNB’s implementation whether downlink data forwarding/split procedure will be conducted. If conducted, it is also up to source eNB’s implementation which of the downlink buffered/pending PDCP SDUs will be forwarded/split to the target eNB.
Proposal 1c: After sending HO command or equivalent messages to UE in S4, source eNB should not perform uplink data forwarding until it stops the data transfer with UE.
If RACH less operation is not supported by either NW or UE, then in S6a/S6b: the normal CFRA will be triggered and cost averagely 10ms per estimation, and in S6c: RRC Connection Reconfiguration Complete (HO Success with new SRB1 and ready for UL Tx with the target connection) will cost averagely 6ms in addition, hence the S6a/S6b/S6c costs totally 16ms averagely. However, if the data transfer with source connection is maintained during CFRA process, the S6a/S6b/S6c do not contribute to the overall service interruption; otherwise, the interruption due to S6a/S6b/S6c seems inevitable.
Observation 1: If the data transfer with source connection can be maintained during CFRA process, the S6a/S6b/S6c do not contribute to the overall service interruption; otherwise, the interruption due to S6a/S6b/S6c seems inevitable.
If RACH less operation is supported by both NW and UE, then the S6a/S6b/S6c can be all omitted, there will be a coordinated timing point when the DL/UL data transfer between UE and the target eNB can be properly initiated. The duration for that coordination process is normally smaller than 16ms compared to above RACH based case, hence it can reduce the HO duration, but similarly it does not contribute to the overall service interruption if the data transfer with source connection is maintained during RAN less process.
Observation 2: The RACH less procedure with target eNB can reduce the HO duration so increase the HO reliability, but it does not contribute to the overall service interruption if the data transfer with source connection can be maintained during RACH less process.
It is worth noting that since RACH less process does not require UE to perform Tx/Rx with target eNB, in parallel to ongoing Tx/Rx with source eNB, hence it generally relaxes the HW capability requirement for UE.
Observation 3: The RACH less operation is also beneficial for UE, in terms of relaxing its HW capability requirement for mobility enhancement.
Part 3: After HO
After UE achieves the UL synchronization and gets prepared for the UL data scheduling/transfer, then in S7a, UE can perform normal Tx/Rx with target eNB as long as its capability allows. In parallel, the Tx/Rx with source eNB may be still ongoing, as the buffered/split DL/UL PDCP SDUs have not been flushed on source eNB side. Upon source eNB stops its residual data transfer, in order to guarantee PDCP status preservation and avoid duplication, the source eNB needs to convey un-successfully received/transmitted PDCP SN status info and forward un-successfully DL transmitted PDCP SDUs and successfully received but out of sequence UL PDCP SDUs to the target eNB. During above critical “coordination process”, as long as the UE is enabled and allowed to perform Tx/Rx with target eNB with good scheduling implementation, then 0ms interruption time and zero duplication can be achieved together.
Observation 4: If the UE is enabled and allowed to perform Tx/Rx with target eNB during “coordination process” between source and target eNB, then 0ms interruption time and zero duplication can be achieved together.
If UE can support two concurrent “full connection” with both source eNB and target eNB (e.g. two independent Tx/Rx chains, or in TDM manner with single Tx/Rx chain), then as depicted in Figure 1 above, UE can actually enter the dual connectivity alike mode before HO. After successful HO (SRB1 gets established with target eNB and new L2/L1 entities are setup), UE can still maintain its source DRB for transferring residual packets, meanwhile transferring new DL/UL data with the new target DRB. After source eNB finishes transferring all of its residual packets, the source DRB and UE context in source eNB will be released explicitly by target eNB. As long as the target eNB has full copies of missing packets via data forwarding and acquires the latest DL/UL SN Status, it can achieve PDCP status preservation via PDCP data recovery procedure.
Proposal 2: In case UE/NW can support two concurrent “full connection” with both source and target eNB, UE can be configured with source DRB and target DRB together based on DC 3C UP architecture, so as to maintain their DL/UL data transfer with source connection and target connection respectively.
Observation 5: Dual Connectivity (supporting two concurrent “full connection” with both source and target eNB) based solution can achieve 0ms interruption time and zero duplication together.
It might be controversial for the case when UE cannot support two concurrent “full connection” with both source and target eNB (FFS up to RAN1/4), then NW has following two basic options for seamless mobility handling.

Opt1:  the user data transfer with source eNB (source DRB) shall be maintained and the data transfer with target eNB (target DRB and new SRB1) shall be suspended (although UE’s DL/UL synchronization has been achieved). The Opt1 can be applied when the source connection is still sufficiently good, so the source eNB can continue flushing and receive all of its residual packets efficiently and prevent target eNB from scheduling, then upon expiry of certain timer, source eNB needs to notify target eNB about latest status immediately and target eNB starts DL/UL data transfer and sends RRC message commanding UE to release its source connection. As long as the target eNB has full copies of missing packets via data forwarding and acquires the latest DL/UL SN status, it can achieve PDCP status preservation via PDCP data recovery procedure, but 0ms interruption time can only be achieved at the risk of duplication, otherwise there will be more or less interruption time with aiming for zero duplication.
Opt2: the user data transfer with source eNB shall be stopped immediately upon UL synchronization with target eNB is achieved and the data transfer with target eNB shall be started immediately as well. The Opt2 is normally applied when the source connection is not good enough. The target eNB needs to prevent source eNB from further scheduling and also acquire the latest DL/UL SN status and copies of packets via data forwarding. 0ms interruption time can only be achieved at the risk of duplication; otherwise there will be more or less interruption time with aiming for zero duplication.
Though both Opt1 and Opt2 can work in principle, during HO phase the target connection is normally much better and more efficient than the source connection, hence quicker switching from source to target will benefit the overall data throughput performance and mobility reliability generally, so Opt 2 should be privileged.
Proposal 3: In case UE/NW cannot support two concurrent “full connection” with both source and target eNB, Opt 2 is privileged, namely UE should switch its data transfer from source connection to target connection upon target connection is established.
Observation 6: Single Connectivity (not supporting two concurrent “full connection” with both source and target eNB) based solution can only achieve 0ms interruption time at the risk of duplication.
Proposal 4: Dual Connectivity based solution should have higher priorities for further studying than Single Connectivity based solution.

3. Conclusion
In this contribution, we made following observations regarding various solutions:

Observation 1: If the data transfer with source connection can be maintained during CFRA process, the S6a/S6b/S6c do not contribute to the overall service interruption; otherwise, the interruption due to S6a/S6b/S6c seems inevitable.

Observation 2: The RACH less procedure with target eNB can reduce the HO duration so increase the HO reliability, but it does not contribute to the overall service interruption if the data transfer with source connection can be maintained during RACH less process.
Observation 3: The RACH less operation is also beneficial for UE, in terms of relaxing its HW capability requirement for mobility enhancement.

Observation 4: If the UE is enabled and allowed to perform Tx/Rx with target eNB during “coordination process” between source and target eNB, then 0ms interruption time and zero duplication can be achieved together.

Observation 5: Dual Connectivity (supporting two concurrent “full connection” with both source and target eNB) based solution can achieve 0ms interruption time and zero duplication together.

Observation 6: Single Connectivity (not supporting two concurrent “full connection” with both source and target eNB) based solution can only achieve 0ms interruption time at the risk of duplication.
Herewith we kindly propose follows:
Proposal 1a: After sending HO command or equivalent messages to UE in S4, source eNB may send some messages for coordination (i.e. DL/UL SN Status etc) to target eNB. The necessity and exact content of “messages for coordination” is FFS.

Proposal 1b: After sending HO command or equivalent messages to UE in S4, it is up to source eNB’s implementation whether downlink data forwarding/split procedure will be conducted. If conducted, it is also up to source eNB’s implementation which of the downlink buffered/pending PDCP SDUs will be forwarded/split to the target eNB.
Proposal 1c: After sending HO command or equivalent messages to UE in S4, source eNB should not perform uplink data forwarding until it stops the data transfer with UE.
Proposal 2: In case UE/NW can support two concurrent “full connection” with both source and target eNB, UE can be configured with source DRB and target DRB together based on DC 3C UP architecture, so as to maintain their DL/UL data transfer with source connection and target connection respectively.
Proposal 3: In case UE/NW cannot support two concurrent “full connection” with both source and target eNB, Opt 2 is privileged, namely UE should switch its data transfer from source connection to target connection upon target connection is established.
Proposal 4: Dual Connectivity based solution should have higher priorities for further studying than Single Connectivity based solution.
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User Data Transfer with source during HO (UE/NW Capability? Duplication?)



































User Data Transfer After HO (Should the source connection be maintained?)
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User Data Transfer with source before HO











S5b: Potential Data forwarding (For DL? UL? How to 


Minimize Packet Loss/Duplication During HO?) 








S5a: Messages for coordination, (e.g. enhanced SN Status Transfer?)   





 In parallel, continue user data transfer with source connection





S7b: Messages for coordination + data forwarding (e.g. indicating to source eNB whether the source connection should be released and stop its data transfer? enquire the latest SN status from source eNB)  








S6c: RRC Connection Reconfiguration Complete (Ready for UL Tx with Target Connection)








S6b: RAR in case of RACH (Ready for DL RX?)








S6a: RACH or RACH less? 








S4: RRC Connection Reconfiguration (Indicate whether UE should continue Tx/Rx with Source Connection?)








S3: Handover Request Acknowledge


Or SeNB Addition Response
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S7a: Start user data transfer with target, shall the data transfer with source be maintained?  
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