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1
Introduction

It has been decided in RAN2 #107 to specify Dual Active Protocol Stack (DAPS) solution for minimizing user data interruption during handover [1]. 
Following are the agreements from RAN2#107 related to DAPS operation.

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.)

Following agreements were made for general UL handling:

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 HO.

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 HO 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.

=> FFS whether and what we will specify RLC UM for RUDI HO. Papers proposing this should provide details for the support.

For PDCP modelling, only the following agreement was made due to lack of time for on-line discussion:

Agreements

1
The PDCP entity is associated with two AM RLC entities at the UE side

Following are the RAN2-107bis agreements related to PDCP DAPS modelling.
Agreements

Single PDCP entity supporting DAPS:

16
The single PDCP entity for DAPS is modelled to have separate security/ROHC functions in the specification. 

17
At the UE side for DRB, the normal PDCP entity is changed to the single PDCP entity supporting DAPS upon reception of HO command; the single PDCP entity supporting DAPS is changed to normal PDCP entity upon release of the source cell.

18
The change between the normal PDCP entity and the single PDCP entity supporting DAPS need to be captured in both RRC and PDCP. FFS on how to capture. 

Working assumption

19
DAPS configuration per DRB is agreed as working assumption as long as the specification impact is small. 

Following are RAN2-107bis agreements on related to bearer handling for DAPS which considers all the layers of DRB.

Agreements for LTE and NR

1
For each DRB configured with DAPS, upon reception of handover command with DAPS, UE establishes a RLC entity, MAC entity and an associated DTCH logical channel for the target cell. UE keeps the RLC bearer configuration for the source cell. 

2
For DRBs, upon reception of handover command with DAPS, UE reconfigures the PDCP entity for DAPS instead of performing PDCP re-establishment. 

3
Upon reception of handover command with DAPS, UE associates the RLC entities with the security configurations and the ROHC profiles of PDCP configured by the source cell and the target cell respectively. 

4
Upon release of the source cell, UE releases the physical channel configuration; reset MAC of the source cell and release the source MAC configuration; release all RLC entities and logical channels associated to the source cell.

In this discussion paper we further analyse the events and mechanism for releasing the source PS which is not yet concluded for DAPS handover. This document is resubmission of R2-1912415.
2
Discussion
The PDCP DAPS model to be used during handover was agreed in RAN2-107bis. As per this agreement, the PDCP will be reconfigured as PDCP with DAPS on reception of handover command instead of re-establishment.
The state transition between normal PDCP and PDCP for DAPS during handover according to the above agreements is illustrated in Figure 1.
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Figure 1: PDCP functionality switching for RUDI HO 
On reception of HO command UE configures the second security and ROHC function for target cell operation within the PDCP for the DRB configured for DAPS operation. The target cell function is only activated only on successful transmission of the handover complete message to target. Lower layers need to inform to PDCP functionality that the target cell connectivity is available to enable PDCP layer to start transmission /reception using the security/ROHC functions of target cell.
After switching to DAPS operation mode, the source PS operation needs to be released at some point in time to allow the complete handover of the UE to target cell. The source cell PS operations should be released at this time. The PDCP layer also needs to switch to normal PDCP at this point with only one security and target function associated with target cell.
For termination of DAPS operation in downlink, different options are possible for the UE:
· Option 1: UE releases the source protocol stack when it receives an explicit signalling from the target cell. That is after sending the first DL grant for the UE, the target cell may send a message to the UE to release the source cell and to switch to normal PDCP. This option requires specifying a new message from the target cell to the UE

· Option 2: UE releases autonomously the source protocol when it receives the first DL grant or data from the target cell. Herein, there is no need for any explicit message from the target cell, however, it does not provide any flexibility for the network to decide on the release of the source protocol stack. In this case, the PDCP PDUs already scheduled via source link and waiting for confirmation also needs to be sent via target node. This will require additional signalling on PDCP status after the handover complete from target to source. For this option, the UE also does not know when the source node actually stopped the transmission. This may lead to some additional interruption in case if the UE stops earlier than source stopped the scheduling.
Considering that Option 1 provides more flexibility with respect to the timing of releasing the source cell, we prefer to have the UE releasing the source cell based on an explicit message from the target cell.

Proposal 1: UE switches from single PDCP with DAPS to normal PDCP upon receiving an explicit signalling from the target cell.

Similarly, there are two options for the source cell to stop the transmission/reception after the UE has completed the random access to the target cell and started to receive DL data.

· Option 1: Source cell stops the radio communication with the UE upon receiving an indication from the target cell. In existing X2/Xn specifications only UE-Context-Release message is sent from target node, however, this message is sent after completing the path-switch with SGW which can be late. For on-time termination of the source cell., a new message can be sent from the target to the source cell i.e., similar to “HO Success” indication agreed for CHO. To avoid any DL interruption time, the message can be sent by the target cell after it has scheduled the first DL data to the UE.
· Option 2: Like in MBB of Rel. 14, source node decides on when to stop the radio communication with the UE based on radio conditions. This may not require a new message to be sent from the target cell over X2/Xn.
Considering that there is some uncertainty in Option 2 with respect to the reliability and lack of coordination with the target cell, we prefer Option 1.

Proposal 2: Source cell stops the radio communication with the UE upon receiving an indication from the target cell over X2/Xn interface.

3
Conclusion
In this discussion paper we analyse the possible options for releasing the source PS for DAPS operation during RUDI handover. Following are the proposals based on the analysis.
Proposal 1: UE switches from single PDCP with DAPS to normal PDCP upon receiving an explicit signalling from the target cell.

Proposal 2: Source cell stops the radio communication with the UE upon receiving an indication from the target cell over X2/Xn interface.
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