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1	Introduction
During RAN2#104, following agreement was made.
Agreements
1	We aim to consider some form of multiple connectivity during study phase depending on RAN4 reply on applicability to different scenarios.
During RAN2#105, following agreements were made.
Agreements

1	Specify the ”non-split bearer” solution candidate for the Rel-16 E-UTRA enhancements minimizing the interruption time during mobility.

2	Decide during the work item phase whether a single active protocol stack or two active protocol stacks are used in enhanced Rel-16 E-UTRAN mobility solution.

3	Agree the following common aspects for “non-split bearer” solution candidate:
a.	PDCP SN assignment (for DL) is done at source eNB. PDCP SDUs and the SN assigned to each SDU are then forwarded to target eNB. Details of how SN information is transferred is FFS.
b.	RoHC and remaining PDCP functions (e.g. ciphering, PDCP PDU creation) are executed separately at each network node
c.	The UE procedure when UE detaches from the source cell is explicitly defined in the specifications (e.g. via procedural text and/or via dedicated message/indication.).
d.	In case of two active protocol stacks, a separate security key is used for each of the protocol stacks.

4	RAN2 is asked to work further on the details of the following open issues:
a.	When detaching from the source shall occur and whether it has to be separately considered from the UE’s and NW’s side
b.	Whether data forwarding is done “late” or “early”. Consider potential combination with CHO and how SN Status transfer is done and how HFN is handled. 
c.	LS to RAN3 on data forwarding enhancements to enable reduced interruption time during HO 

5	The detailed assumptions of simultaneous transmission/reception for the solutions depend on the feedback from RAN1 and RAN4 (i.e. response to R2-1815706). RAN2 shall continue working based on the received LS replies.
In RAN2#106 meeting, UL handling to minimize the handover interruption was discussed and following agreements were made:
Agreements

1 Simultaneous UL PUSCH transmission does not need to be supported for the HO interruption solution. 
	
2	UL PUSCH switches from source to target after reception of the first UL grant from the target eNB
Then the solution of dual active protocol stacks (DAPS) described in [1] was agreed to minimize the handover interruption.  
Agreements

1	We will not specify single active protocol stack solution (option 0/1/2)

2	We will specify dual active with specified capability coordination that does not have to be utilized by the network. FFS how/whether we will specify the rules for UE when capability coordination is not utilized and UE capabilities are exceeded (we may leave this up to UE implementation).
In this contribution, we are going to further clarify the details about UL handling for DAPS (Dual Active Protocol Stack) based enhanced make-before-break (eMBB) LTE HO.
[bookmark: _Ref178064866]2	Discussion
In RAN2#106 meeting, firstly it was agreed that simultaneous UL PUSCH transmission doesn’t need to be supported for the handover interruption solution and then after long discussion dual active with specified capability coordination described in [1] was agreed. The UL handing described in [1] is:
	· Single UL new data transmission: UE stops UL new data transmission with the source eNB upon reception of the first UL grant for data transmission from the target eNB after RA procedure towards the target eNB is successfully completed (UE continues UL ACK/NACK and other CSI kind of feedback with source eNB); 


The agreement on dual active with specified capability coordination described in [1] shall override the first agreement, i.e. the UE shall continue UL ACK/NACK and other CSI kind of feedback with source eNB. 
In order to minimize DL user plane data interruption during handover, DL data transmission with the source eNB should be performed as normal before release of the connection with the source cell, which means:
· From PHY aspect, UE continues to provide HARQ ACK/NACK for DL data transmission and other CSI kind of feedback to the source eNB;
· From RLC aspect, UE continues to provide ARQ ACK/NACK for AM data transfer to the source eNB;
· From PDCP aspect, UE continues to provide ROHC feedback for DL PDCP data PDUs to the source eNB; 
· UE shall be able to send UL PUSCH data to source eNB while sending RACH Msg3 (including RRC Connection Reconfiguration Complete Message) to target eNB using PUSCH.
Otherwise, DL data transmission with the source eNB cannot be performed properly and DL user plane data interruption will occur. 
Observation 1: In order to minimize DL user plane data interruption during handover execution period, DL data transmission with the source eNB should be as normal and UE needs to provide HARQ ACK/NACK, other CSI kind of feedback, RLC ARQ ACK/NACK and ROHC feedback for the DL transmission to the source eNB. 
Observation 2 : In order to minimize UL user plane interruption during HO execution period, UE shall be able to send UL PUSCH data to source eNB while sending RACH Msg3 (including RRC Connection Reconfiguration Complete Message) to target eNB using PUSCH.
HARQ ACK/NACK and CSI kind of feedback are UCI, which can be transmitted either by PUCCH or PUSCH; ARQ ACK/NACK is RLC control PDU and ROHC feedback packet is PDCP control PDU. Both of them will be multiplexed by the MAC layer and transmitted in PUSCH. If simultaneous UL PUSCH transmission is not supported for the HO interruption solution, both ARQ ACK/NACK and ROHC feedback can’t be reported to the source eNB for the DL data transmission. Consequently, DL data transmission from the source eNB will be impaired and interrupted even if the connection with the source cell is still available. 
Observation 3: If simultaneous UL PUSCH transmission is not supported for the HO interruption solution, DL and UL data transmission with the source eNB will be interrupted. 
Proposal 1 Confirm UE is allowed to perform PUSCH transmission in the source link until UE releases the source cell connection for the following two cases:
· Case 1:  to transmit the feedback for DL transmission, including HARQ A/N in UCI, ARQ feedback, and ROHC feedback;
· [bookmark: _GoBack]Case 2:  to transmit the CSI feedback in UCI. 
Proposal 2 Confirm that UE shall be able to send UL PUSCH data to source eNB while sending RACH Msg3 (including RRC Connection Reconfiguration Complete Message) to target eNB using PUSCH.
In order to reduce DL and UL data interruption during DAPS based eMBB HO execution, RAN2 must revisit below agreements for LTE mobility enhancement based on latest agreement on dual active with specified capability coordination described in [1]. 
For UL handling at the UE side, UE assigns SN to each PDCP SDU received from the upper layer, no matter whether the PDCP SDU is to be transmitted to the source eNB or the target eNB. UE performs header compression/ciphering for the UL PDCP SDUs to be transmitted to the source eNB or the target eNB and add PDCP headers to the processed PDCP SDUs.
For UL handling at the network side, security has to be handled separately at both source and target eNB. UE can start sending UL data packets directly to target eNB upon HO completion and target eNB can handle UL re-ordering and send UL packets directly to S-GW.   
Single UL new data transmission: UE stops UL new data transmission with the source eNB after successful completion of HO (UE continues UL ACK/NACK and other CSI kind of feedback with source eNB); 
In single UL new data transmission, the target eNB will start sending UL packets to S-GW upon receiving SN status transfer message including UL SN and missing UL SN status information from source eNB. Current UL processing illustrated in Figure 2 can be reused in source eNB and target eNB. 
When single UL new data transmission is used, after the “SN status transfer” is sent from source eNB and before the “SN status transfer” is received by the target eNB, no packet can be sent from source eNB to S-GW, and the interruption time equals the X2 delay. From HO interruption point of view, there is not much benefit to support dual UL new data transmission.  
Furthermore, the complexity at both the UE and network side are concerned to support dual UL new data transmission. At the UE side, dual UL new data transmission requires more occasions of simultaneous Tx with the source and the target eNB than single new data transmission. The UL coverage may be impacted if UE power is split and also contributes to significant UL design complexity at both L2 protocol, Layer 1 and RF chain implementation. Single UL new data transmission is better considering the handover usually happens in the cell edge and uplink power is better not to be split to two cells.
Proposal 3 Confirm that simultaneous UL PDCP data PDUs transmission does not need to be supported for the HO interruption solution. 
Proposal 4 Confirm that UL PDCP data PDUs transmission switches from source to target eNB upon reception of the first UL grant for data transmission from the target eNB after RA procedure towards the target eNB is successfully completed. 
For UL transmission switching from the source to the target eNB, one question is how to handle the PDCP SDUs for which the successful delivery of the corresponding PDCP data PDUs has not been confirmed by lower layer. The process of those PDCP SDUs is similar as normal handover, i.e. UE performs retransmission or transmission of all those PDCP SDUs without successful delivery confirmation prior to the UL transmission switching to the target cell. The retransmission is triggered by the PDCP status reported transmitted by the target cell, so that UE knows which PDCP SDUs should be retransmitted. UE retransmits the PDCP SDUs for which the successful delivery has not been confirmed prior to the UL PDCP data PDU transmission switching to the target cell. 
Proposal 5 Upon switching of UL PDCP data PDU transmissions from source to target eNB, any PDCP SDUs whose successful delivery was not confirmed get retransmitted in the target cell. 
In RAN2#106 meeting, following agreement were made for NR mobility enhancement. 
Agreements
1	PDCP packet duplication does not need to be supported in combination with the HO interruption solution (but doesn't preclude that it might be possible to support it and it may be beneficial in some cases)
2	Simultaneous UL PUSCH transmission does not need to be supported for the HO interruption solution. 	
3	There is a point in time where the UL PUSCH switches from source to target.
For PDCP packet duplication, the same principle can be applied to LTE mobility enhancement, i.e. PDCP packet duplication doesn’t need to be supported in combination with DAPS during handover. 
The PDCP layer for UL data transfer to minimize handover interruption is illustrated in Figure 2. It should be noted that UE shall maintain single active UL ROHC protocol at any given instance of time. Because there is one UL ROHC protocol either for source or target eNB in use. UE is not expected to transmit same UL PDCP packet to both source and target eNBs during DAPS HO. From modeling point of view, it is FFS on whether security and ROHC are modelled as separate functions or not in specification, which can be discussed in stage-3. 
Proposal 6 PDCP duplication doesn’t need to be supported in combination with DAPS during handover. 


Figure 1 PDCP layer for UL, function view
Proposal 7 Use Figure 1 as baseline for UL transmission operation during DAPS based HO.  
· UE maintains PDCP SN for UL PDCP PDUs in the common SN allocation function throughout the handover procedure; 
· Performs header compression and ciphering for the UL PDCP SDUs based on the destination of the PDU (source or target eNB); 
· Adds PDCP header and submits the PDCP date PDU to the lower layers associated to the destination of the PDU (source or target eNB); 
· FFS on whether security and ROHC are modelled as separate functions or not.
3	Conclusion
In this contribution, UL data transfer to minimize the handover interruption are discussed based on the agreements made in the previous meeting. 
Observations: 
Observation 1: In order to minimize DL user plane data interruption during handover execution period, DL data transmission with the source eNB should be as normal and UE needs to provide HARQ ACK/NACK, other CSI kind of feedback, RLC ARQ ACK/NACK and ROHC feedback for the DL transmission to the source eNB. 
Observation 2 : In order to minimize UL user plane interruption during HO execution period, UE shall be able to send UL PUSCH data to source eNB while sending RACH Msg3 (including RRC Connection Reconfiguration Complete Message) to target eNB using PUSCH.
Observation 3: If simultaneous UL PUSCH transmission is not supported for the HO interruption solution, DL and UL data transmission with the source eNB will be interrupted. 
Proposals:
Proposal 1 Confirm UE is allowed to perform PUSCH transmission in the source link until UE releases the source cell connection for the following two cases:
· Case 1:  to transmit the feedback for DL transmission, including HARQ A/N in UCI, ARQ feedback, and ROHC feedback;
· Case 2:  to transmit the CSI feedback in UCI. 
Proposal 2 Confirm that UE shall be able to send UL PUSCH data to source eNB while sending RACH Msg3 (including RRC Connection Reconfiguration Complete Message) to target eNB using PUSCH.
Proposal 3 Confirm that simultaneous UL PDCP data PDUs transmission does not need to be supported for the HO interruption solution. 
Proposal 4 Confirm that UL PDCP data PDUs transmission switches from source to target eNB upon reception of the first UL grant for data transmission from the target eNB after RA procedure towards the target eNB is successfully completed. 
Proposal 5 Upon switching of UL PDCP data PDU transmissions from source to target eNB, any PDCP SDUs whose successful delivery was not confirmed get retransmitted in the target cell. 
Proposal 6 PDCP duplication doesn’t need to be supported in combination with DAPS during handover. 
Proposal 7 Use Figure 1 as baseline for UL transmission operation during DAPS based HO.  
· UE maintains PDCP SN for UL PDCP PDUs in the common SN allocation function throughout the handover procedure; 
· Performs header compression and ciphering for the UL PDCP SDUs based on the destination of the PDU (source or target eNB); 
· Adds PDCP header and submits the PDCP date PDU to the lower layers associated to the destination of the PDU (source or target eNB); 
· FFS on whether security and ROHC are modelled as separate functions or not.
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