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1	Introduction
In RAN2#107 meeting, the definition of DAPS was confirmed. 
Agreements

Reconfirm the following understanding on DAPS
1	For DAPS DL transmission/reception operation:
•	The source eNB and the target eNB perform header compression, ciphering and add PDCP header separately;
•	UE performs deciphering and header decompression for the DL PDCP SDUs received from the source eNB and target eNB separately; stores those PDCP SDUs in the common PDCP reception buffer and performs PDCP reordering; and then delivers the PDCP SDUs to upper layers in ascending order.
2	single UL new PUSCH data transmission as baseline and UE switches UL data transmission (new and unacknowledged PDCP SDUs) to target gNB upon reception of the first UL grant for data transmission from the target gNB after RA procedure towards the target gNB is successfully completed.
3 As described in single UL new data transmission solution: For the DL data transmission, the UE continues to provide HARQ ACK/NACK, other CSI kind of feedback, ARQ ACK/NACK to the source eNB before release of the source cell connection.
FFS whether UL HARQ retransmissions continue
FFS whether RoHC feedback is needed
4     We do not restrict UP specifications without clear reason (e.g. BSR, PHR, etc.)
Then following agreements were reached for UL handling:
Agreements

1 UE shall be able to send UL PUSCH user plane data to source eNB until the point when the message including RRC Connection Reconfiguration Complete has been successfully transmitted to target eNB.

2 Rel-15 PDCP duplication via DC (from HRLLC WID) is not supported in combination with DAPS during handover.

3	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.
In this contribution, we identify the potential impacts of DAPS to RLC AM and RLC UM, and try to minimize the specification impact. 
[bookmark: _Ref178064866]2	Discussion
In RAN2# 105bis meeting, RAN2 agreed that any solution that is specified will be modelled as a single PDCP entity on UE side. In RAN2#107 meeting, it was agreed the PDCP entity is associated with two AM RLC entities at the UE side, just as illustrated in Figure 1. One AM RLC entity is for data transmission/reception with the source cell and the other is for the target cell.  
It is assumed that the logical channel/RLC AM entity for the target cell is established upon reception of the HO command and the logical channel/RLC AM entity for the source cell is released upon reception for the indication to release the source cell. The impact to the RLC AM entity due to DAPS is discussed for both the receiving side and the transmission side. 


Figure 1 One Singe PDCP entity supporting DAPS associated to two AM RLC entities
2.1 Impact to the receiving side of RLC AM entity
For the two AM RLC entities associated to the single PDCP entity, the receive operation is performed independently, which performs duplication detection and discarding, reassembles RLC SDUs from the received AMD PDUs and delivers the RLC SDUs to PDCP layer. 
For the DL data transmission, the UE continues to provide ARQ ACK/NACK to the source eNB before release of the source cell connection. It requires the receiving side of the RLC AM entity to detect the loss at lower layers and request retransmission to its peer AM RLC entity at the network side. 
NO impact is expected at the receiving side of the two RLC AM entities associated to the source cell and the target cell. 
Observation 1: No impact is expected at the receiving side of the two RLC AM entities at the UE side associated to the single PDCP entity supporting DAPS. 
[bookmark: _Toc7618046][bookmark: _Toc7620143][bookmark: _Toc7693725]2.2 Impact to the transmitting side of the RLC AM entity
Based on the agreement to support single UL new PUSCH data transmission as baseline, the UL PDCP PDUs are transmitted to the source cell before UL new data transmission switching; the UL PDCP PDUs including the new and unacknowledged PDCP SDUs are transmitted to the target cell after UL new data switching. In other words, no PDCP data PDUs should be submitted from the single PDCP entity to the RLC AM entity associated to the source cell after UL new data transmission switching. 
Observation 2: No PDCP data PDUs should be submitted from the single PDCP entity to the RLC AM entity associated to the source cell after UL new data transmission switching. 
No impact is expected at the transmitting side of the RLC AM entity associated to the target cell. Therefore, only the impact to the RLC AM entity associated to the source cell due to UL new data transmission switching is discussed, including the STATUS PDUs, RLC data PDUs that are pending for retransmission, RLC SDUs containing ROHC feedback, and Pre-processing. 
STATUS PDUs 
Based on the agreement that the UE continues to ARQ ACK/NACK to the source eNB before release of the source cell connection for DL data transmission, the RLC AM entity associated to the source cell should continue ARQ operation for the DL data transmission and provide STATUS PDUs to its peer AM RLC entity at the source cell to provide ACK/NACK of RLC SDUs after UL new data transmission switching. 
Observation 3: The RLC AM entity associated to the source cell should continue to provide STATUS PDUs to the source cell after UL new data transmission switching. 
The procedure to provide status reporting for DL data transmission should not be impacted by UL new data switching and keep going as it is. 
Proposal 1: The on-going procedure to provide status report for the DL data transmission at the RLC AM entity associated to the source cell should not be impacted by UL new data switching. 
On-going RLC ARQ retransmission
Another question is how to handle the on-going ARQ retransmission at the transmitting side of the RLC entity associated to the source cell after UL new data switching. 
The UL new data is switched upon reception of the first UL grant from the target cell after successful completion of RA procedure towards the target cell. From PDCP aspect, UL new data transmission switching means that new and unacknowledged PDCP SDUs will be transmitted to the target cell. Therefore, the PDCP transmitting entity is not expected to receive any successful delivery confirmation for the PDCP data PDUs from the lower layer associated to the source cell after UL new data switching. So the ARQ retransmission towards the source cell after UL new data transmission switching is useless. It will not impact UL data transfer at the PDCP layer at the UE side no matter whether the ARQ retransmission towards the source side continues or not. 
Observation 4: The PDCP transmitting entity supporting DAPS is not expected to receive any successful delivery confirmation for the PDCP data PDUs from the lower layer associated to the source cell after UL new data switching. 
Furthermore, the transmitting PDCP entity at the UE side should know from which SN to start for the PDCP PDUs to be transmitted to the target cell. Since the initial COUNT value between the target cell and the UE should have been synced to enable the UL data transmission towards the target cell, it is assumed that the UL PDCP SN+HFN information between the source cell and the target cell has been coordinated before the first UL PDCP data PDU transmission towards the target cell. Generally, the source cell should finalize the UL data reception first and then delivery the SN+HFN information to the target cell. Therefore, it implies that the source cell should have stopped the STATUS procedure to provide ARQ ACK/NACK to the UE after UL new data transmission. 
Observation 5: The source cell should have stopped the STATUS procedure and finalize the UL data reception at the RLC layer after UL new data transmission. 
Considering the on-going ARQ retransmission is actually proceeded by the STATUS report from the peer RLC entity at the source cell, if there is no STATUS reported received, the on-going RLC ARQ retransmission will not be triggered. UE doesn’t need to stop the on-going RLC ARQ retransmission autonomously upon UL new data transmission switching. No specific handling for the on-going RLC ARQ retransmission needs to be specified. 
In order to avoid transmitting window stalling (which occurs rarely) at the RLC entity associated to the source cell, the source cell can send ACK to the UE after UL new data switching if window stalling occurs.  If there is no window stalling, the source cell doesn’t need to send any STATUS PDUs. Finally, all RLC SDUs, RLC SDU segments, and RLC PDUs will be released when the RLC entity associated to the source cell is released. 
Proposal 2:  UE doesn’t stop the on-going ARQ retransmission autonomously upon UL new data switching. The on-going retransmission operation at the transmitting side of the RLC entity associated to the source cell should not be impacted by UL new data switching.
ROHC Feedback for DL data transmission
In RAN2#107bis meeting, UE should be allowed to transmit the ROHC feedback through the source cell UL if there is DL data on-going from the source cell during RUDI HO with DAPS.  It implies that the single PDCP entity is allowed to submit PDCP control PDU for ROHC feedback to the RLC AM entity associated to the source cell even after UL new data switching. 
Observation 6: PDCP control PDUs for ROHC feedback can be submitted from the single PDCP entity to the RLC AM entity associated to the source cell after UL new data transmission switching.
From RLC layer aspect, it can’t differentiate whether the RLC SDU is PDCP control PDU or not. In order to support ROHC feedback transmission, the RLC entity should continue to assign RLC SNs to the RLC SDUs, which contains the ROHC feedback. It implies that even if there is no PDCP data PDU received from the PDCP entity after UL new data switching, the transmitting operation at the transmitting side of the RLC entity associated to the source cell should keep going to support the PDCP control PDU transmission. 
Observation 7: The transmitting side of the RLC entity associated to the source cell should continue to assign RLC SNs to the RLC SDUs containing the ROHC feedback after UL new data transmission switching. 
Proposal 3: Only PDCP control PDU for ROHC feedback can be submitted from the single PDCP entity supporting DAPS to the RLC entity associated to the source cell after UL new data switching. 
Pre-processing
In NR, the pre-processing of the user plane data is supported. The transmitting side of an AM RLC entity generates AMD PDU(s) for each RLC SDU before the UL grants are received. When notified of a transmission opportunity by the lower layer, the transmitting AM RLC entity may segment the RLC SDUs and update the RLC headers to fit  the RLC PDU within the total size of RLC PDU(s) indicated by lower layer. It is very likely that some AMD PDUs had been generated by the RLC entity associated to the source cell before the UL new data switching.  Some of those AMD PDUs are not transmitted and stay in the transmission buffer of the RLC AM entity associated to the source cell after UL new data switching.  The above processing is the same for RLC UM.
Observation 8: In NR, it is very likely that some PDUs remain in the transmission buffer of the RLC entity associated to the source cell after the UL new data switching due to pre-processing. 
In NR, if the on-going transmitting operation at the RLC entity associated to the source cell continues to enable the ROHC feedback transmission, it’s possible that the remaining AMD PDUs in transmission buffer will be transmitted to the source cell even after UL new data switching. However, the pre-processing in NR is totally UE implementation. In order to minimize the impact to specification, no specific handling for those AMD PDUs needs to be specified. The above processing is the same for RLC UM.
In LTE, there is no pre-processing for the user plane data and the RLC PDUs are formed only when a transmission opportunity has been notified by lower layer. There is no problem to continue the transmitting operation to send the RLC SDUs for ROHC feedback. 
Proposal 4: The on-going transmitting operation at the transmitting side of the RLC entity associated to the source cell should not be impacted by UL new data switching.
If DAPS HO is also confirmed to be supported for RLC UM, no impact is expected from RLC layer aspect. The proposal 2, 3 are also applicable for RLC UM. 
Observation 9: The proposal 3, 4 are also applicable to RLC UM. 
Proposal 5: The impact to RLC should be minimized and nothing needs to be specified in RLC to support DAPS for both RLC AM and UM. 
3 Conclusion
Observations: 
Observation 1: No impact is expected at the receiving side of the two RLC AM entities at the UE side associated to the single PDCP entity supporting DAPS. 
Observation 2: No PDCP data PDUs should be submitted from the single PDCP entity to the RLC AM entity associated to the source cell after UL new data transmission switching. 
Observation 3: The RLC AM entity associated to the source cell should continue to provide STATUS PDUs to the source cell after UL new data transmission switching. 
Observation 4: The PDCP transmitting entity supporting DAPS is not expected to receive any successful delivery confirmation for the PDCP data PDUs from the lower layer associated to the source cell after UL new data switching. 
Observation 5: The source cell should have stopped the STATUS procedure and finalize the UL data reception at the RLC layer after UL new data transmission. 
Observation 6: PDCP control PDUs for ROHC feedback can be submitted from the single PDCP entity to the RLC AM entity associated to the source cell after UL new data transmission switching.
Observation 7: The transmitting side of the RLC entity associated to the source cell should continue to assign RLC SNs to the RLC SDUs containing the ROHC feedback after UL new data transmission switching. 
Observation 8: In NR, it is very likely that some PDUs remain in the transmission buffer of the RLC entity associated to the source cell after the UL new data switching due to pre-processing. 
Observation 9: The proposal 3, 4 are also applicable to RLC UM. 
Proposals: 
Proposal 1: The on-going procedure to provide status report for the DL data transmission at the RLC AM entity associated to the source cell should not be impacted by UL new data switching. 
Proposal 2: Only PDCP control PDU for ROHC feedback can be submitted from the single PDCP entity supporting DAPS to the RLC entity associated to the source cell after UL new data switching. 
Proposal 3: The on-going transmitting operation at the transmitting side of the RLC entity associated to the source cell should not be impacted by UL new data switching.
Proposal 4:  UE doesn’t stop the on-going ARQ retransmission autonomously upon UL new data switching. The on-going retransmission operation at the transmitting side of the RLC entity associated to the source cell should not be impacted by UL new data switching.
Proposal 5: The impact to RLC should be minimized and nothing needs to be specified in RLC to support DAPS HO for both RLC AM and UM. 
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