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1. Introduction
RAN2#95 has down-selected the solutions for Further Mobility Enhancement, and sent out one LS in [1] capturing the

latest progress. RAN2 informs RAN3 that:
“Regarding the make-before-break solution, RAN2 asks RAN3 to check data forwarding operation when a UE continues to exchange data with the source eNB after the reception of the RRC message triggering the handover procedure. It is RAN2 understanding that the target eNB informs the source eNB of the release of the UE connection to the source cell.” 
In this contribution, we shall continue analyzing the relevant RAN3 spec. impacts.
2. Discussion
To current RAN2’s understanding, the Data Forwarding and associated SN Status Transfer operation may need to be enhanced so as to support better mobility performances e.g. shorter service interruption time, less data duplication.
In [2] at RAN3#93, we once suggested to introduce some improved “Data Forwarding and SN Status Transfer” behaviours when mobility enhancement is applied. It aims to let source eNB perform Data Forwarding and SN Status Transfer in more parallel sense or concurrently to UE HO process over the air interface. There are two basic options proposed as references below:
Option 3a: The source eNB starts DL/UL data forwarding/SN Status Transfer to the target eNB at early enough timing point, e.g. upon sending HO command, and continues DL/UL data forwarding and sending the latest DL/UL SN Status periodically, e.g. every 2~5ms (considering the minimum/typical latency during handover is about 45.5/49.5ms), so that the target eNB can continue updating its latest DL/UL SN status, discard successfully transmitted packets, meanwhile perform smart DL/UL scheduling to minimize data duplication.

Option 3b: The source eNB starts DL/UL data forwarding/SN Status Transfer only after the target eNB receives the dedicated RACH Preamble or PUSCH transmission from UE (the source connection must be frozen then!) and informs it to source eNB. There is about 10ms interval between receiving the RACH Preamble and receiving the subsequent RRC Connection Reconfiguration Complete message, if the target eNB sends such “UE Access Indication” message to the source eNB when receiving the dedicated RACH Preamble or PUSCH transmission from UE, then DL/UL forwarding data and SN status can arrive at the target eNB about 10ms in advance, which may reduce the service interruption time a bit. Since the associated process parallel level is small, so this option is not suggested! 
In 36.300 HO procedures, there is such Stage2 note specifying that: “As soon as the source eNB receives the HANDOVER REQUEST ACKNOWLEDGE, or as soon as the transmission of the handover command is initiated in the downlink, data forwarding may be initiated.” It means that current DL/UL data forwarding behaviour has already been much up to eNB implementation with great flexibility, so we think that the improved DL/UL data forwarding behaviours with Option3a/3b can also be achieved via smarter eNB implementation.
Proposal 1: DL/UL data forwarding behaviour can always be left to eNB implementation.
However, the legacy SN Status Transfer message seems to be only sent once after the source connection is frozen as specified in 36.423, while the expected different behaviour for SN Status Transfer with Option3a is that:
“The source eNB is allowed to initially send the SN STATUS TRANSFER message at early timing (e.g. at a pre-designed connection maintain time after step 7 excluding the X2 delay, …) while the data transmission is maintained within the source connection, and source eNB may send the SN STATUS TRANSFER message to the target eNB more than once (e.g. periodically, …) for updating the latest SN STATUS.”
The associated benefits are that target eNB can make smart data scheduling/transmission without always awaiting the reception of final SN Status Transfer message, which reflects the final SN Status. Instead, target eNB can make smart data scheduling/transmission based on the pre-final SN Status Transfer messages at earlier timing point once UE is performing RACH, but not yet finishing HO in the target eNB. Such implementation can minimize the service interruption time but cannot avoid data duplication completely. In general, we think “PDCP Status Report” is not mandated to be configured for its drawbacks, so a bit amount of data duplication is tolerable.
If the idea of Option3a is accepted, we would like to highlight that different behaviour regarding SN STATUS TRANSFER with Stage2 Note texts.
Proposal 2: In 36.300, to add up one note specifying the different behaviours with SN STATUS TRANSFER in contrast to its legacy operation when mobility enhanced is not enabled.
The method with Option3a should have no direct impacts on RAN3 Stage3 specs.

Proposal 3: There is no Stage 3 spec. impact with Option3a.
It is RAN2 understanding that the target eNB informs the source eNB of the release of the UE connection to the source cell.(Optionally!) Since there is no existing X2 interface message suitable for that purpose, it is fair to introduce a new message e.g. “UE Access Indication” for that purpose after Step 9 or 11(in 36.300 Figure 10.1.2.1.1-1: Intra-MME/Serving Gateway HO). Upon receiving that message, or any other form of indication, the source eNB shall normally stop scheduling DL/UL data towards UE and release the source connection accordingly (Note: source eNB may also stop the scheduling DL/UL data towards UE at an implementation dependant timing point earlier than receiving the indication from target eNB), and source eNB shall also send the final SN STATUS TRANSFER message to target eNB per legacy behaviour. The “UE Access Indication” message can also be used for Option3b, which triggers the source eNB to start DL/UL data forwarding/SN Status Transfer if they have not been triggered before, but we believe such triggering is too late.
Proposal 4: Both Stage 2 and Stage 3 spec. should capture the new behaviours with “UE Access Indication” procedure.

Whenever the source eNB prepares the HO process with “Handover Request” message, it can decide whether the source connection will be maintained or not based on UE capability and RRM context. If yes! The source eNB shall include an indication for “remain connection” in “Handover Request” message towards target eNB; Upon receiving that indication, the target eNB shall also include the indication for “remain connection” in its generated RRC message to perform the handover, i.e. RRCConnectionReconfiguration. Upon receiving the HO command message transparently conveyed by source eNB, the UE knows whether the source connection will be maintained or not.
Similarly, whenever the MeNB prepares the SeNB change process with “SeNB Addition Request” message, it can decide whether the source connection with source SeNB will be maintained or not based on UE capability and RRM context. If yes! The MeNB shall include an indication for “remain connection” in “SeNB Addition Request” message towards target SeNB; Upon receiving that indication, the target SeNB shall also include the indication for “remain connection” in its generated RRC message to perform the SeNB change, i.e. RRCConnectionReconfiguration. Upon receiving the SeNB change command message transparently conveyed by MeNB, the UE knows whether the source connection with source SeNB will be maintained or not.

Proposal 5: There should be explicit indication for “remain connection” included in “Handover Request” and “SeNB Addition Request” messages at least, informing the target eNB that the source connection shall be maintained. Both Stage 2 and Stage 3 spec. should capture that point.

In the SeNB change case, the target SeNB should also inform the source SeNB of the release of the UE connection to the source SeNB. Upon receiving the UE access indication from the target SeNB, the source SeNB shall stop scheduling DL/UL data towards UE and release its source SeNB connection. The aforementioned “UE Access Indication” message can be reused here for that purpose. If there is no direct X2 interface between target SeNB and source SeNB, then MeNB shall convey that message towards source SeNB for releasing source SeNB connection. Since the legacy “SeNB Release Request” message can also be used for the purpose of “releasing source SeNB connection”, hence MeNB can also send “SeNB Release Request” message again after step 7 (in 36.300 Figure 10.1.2.8.4-1: Change of SeNB) for that purpose. It is worth noting that in step 3, the firstly sent “SeNB Release Request” message only provides data forwarding addresses to the source SeNB, but not actually release the source SeNB connection with UE, as the source SeNB connection shall be maintained during SeNB change!
Proposal 6: In the SeNB change case, the aforementioned “UE Access Indication” or “SeNB Release Request” message can be used for the purpose of “releasing source SeNB connection”. Both Stage 2 and Stage 3 spec. should capture that point.
Proposal 7: The firstly sent “SeNB Release Request” message in step 3 should not release the source SeNB connection with UE, and the secondly sent “SeNB Release Request” message after step 7 shall release the source SeNB connection with UE instead. Both Stage 2 and Stage 3 spec. should capture that point.
3. Conclusion
RAN3 is kindly asked to discuss following proposals and treat the running CR as drafted in [3] and [4] for baseline discussions.
Proposal 1: DL/UL data forwarding behaviour can always be left to eNB implementation.

Proposal 2: In 36.300, to add up one note specifying the different behaviours with SN STATUS TRANSFER in contrast to its legacy operation when mobility enhanced is not enabled.

Proposal 3: There is no Stage 3 spec. impact with Option3a.

Proposal 4: Both Stage 2 and Stage 3 spec. should capture the new behaviours with “UE Access Indication” procedure.

Proposal 5: There should be explicit indication for “remain connection” included in “Handover Request” and “SeNB Addition Request” messages at least, informing the target eNB that the source connection shall be maintained. Both Stage 2 and Stage 3 spec. should capture that point.

Proposal 6: In the SeNB change case, the aforementioned “UE Access Indication” or “SeNB Release Request” message can be used for the purpose of “releasing source SeNB connection”. Both Stage 2 and Stage 3 spec. should capture that point.

Proposal 7: The firstly sent “SeNB Release Request” message in step 3 should not release the source SeNB connection with UE, and the secondly sent “SeNB Release Request” message after step 7 shall release the source SeNB connection with UE instead. Both Stage 2 and Stage 3 spec. should capture that point.
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