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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]
	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).



	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



In this contribution, we analyse the steps involved in activating the DAPS at the UE during different phases of handover execution and also the transition back to single active protocol stack after handover completion.
[bookmark: _GoBack]2	Discussion
2.1       Overview of Protocol stack transition for Current Handover Procedure
As per the Rel-15 specification when the UE receives the handover command (RRC Reconfiguration with mobilityControlInfo), the UE resets all the lower layers followed by re-establishment of RLC and PDCP layers where the UE will consider retransmission of the pending PDUs using the target cell. After the reset of the Protocol Stack (PS) the new configuration is applied for all the layers and UE uses the new security configurations when accessing the target cell.  In case of handover with Rel-14 make before break, the switching of the protocol stacks to the new configuration happens when the UE decides to stop the uplink transmission /downlink reception towards the source cell.   In both cases, only single protocol stack is operational at the UE. The configuration of the protocol and the timing of reset/re-establishment of the protocol stack depends on the handover type.
Observation 1: Only single instance of protocol layer is operational in the existing handover procedures specified until Rel-15.

 
2.3 DAPS Operation during Handover -Uplink 
In this section, we further analyse the activation of DAPS at UE for its uplink transmission at various steps of the handover procedure with reduced user data interruption time (RUDI).
As first step, the handover command from the network should include indication for the UE to start the DAPS operation. UE initialises new instances for all the protocol layers MAC, RLC and PDCP with the received configuration and maps these protocol layer operations to the TX/RX chain mapped for communication towards target cell. The protocol layers already configured for source cell operation continues without any reset/re-establishment when the second PS towards target cell is initialised.
Proposal 1: The DAPS operation is initialised at UE when the UE receives the indication for DAPS operation as part of RRC Reconfiguration with mobility-control Information.
During the random access procedure, only the MAC layer of target PS will be operational. But the Msg3 which is to be sent when the UE receives uplink grant from target cell is provided by higher layers. In this case, the Msg3 contains the RRC Reconfiguration complete message which is generated by RRC layer and also involves the PDCP and RLC layers corresponds to the signaling radio bearer. The PDCP layers for the data radio bearers need not be active at this moment.
Whether the source PS operation for SRB should also be active in this case depends on the how the RRC signaling towards UE from the source node should be handled when the handover with DAPS is triggered. In order to have simplified specification for the handover with RUDI, the RRC signaling after handover should not be allowed from the source cell similar to the normal handover procedure to avoid further complex handling related to reconfiguration after the handover started.
Proposal 2: RRC signaling from source eNB towards UE should be stopped after sending the Handover command with indication for DAPS has been sent to UE.
With the above proposal, for uplink operation during handover the DAPS operation need not consider simultaneous PDCP transmission towards source and target nodes at least for signaling radio bearers.
According to the RAN2 agreements, simultaneous PUSCH transmission towards source and target cell need not to be supported and also the uplink switches on first PUSCH transmission to target cell. Based on these agreements, the UE can switch the active PS for data bearers from source to target on successful transmission of RRC Reconfiguration complete message to target cell. Reception of uplink grant sent via DCI containing the C-RNTI associated with the target configuration can be considered as successful delivery of handover complete. The UE can switch to target PS at this moment. This is also applicable for the handover procedure with CBRA configured for handover access.
[bookmark: _Hlk14210287]Proposal 3: For uplink operation, the UE switches its higher layer protocol layers for data bearers from source to target on successful delivery of RRC Reconfiguration Complete message.
Even after the higher layers of PS for uplink transmission is switched to target cell, the UE may still need to continue PUCCH transmission towards source cell for providing at least HARQ feedback [3]. This will require some physical layer functions to be still active in the source cell until the source cell operation is explicitly released. 
Observation 2: After the switching of uplink transmission to target cell, PUCCH operation may be required at source cell if the downlink transmission continues at source after uplink switching. 
After switching the PS operations towards the target cell, the source PS should remain inactive until the trigger for release of the source PS operation is received from the network. This indication may be given either implicitly based on first downlink packet transmission from target or via explicit indication via higher layer signaling.
Proposal 4: The source PS configuration should be released on receiving indication from the target cell. On receiving this indication the physical layer operation at source for sending ACK/NACK should be stopped.

The state diagram of UE protocol stack operations in uplink towards source and target cell during the handover procedure (considering  proposals above) is illustrated Figure 1.
[image: ]
Figure 1: UE protocol stack operations in uplink towards source and target cell during the handover procedure.

2.4 DAPS Operation during Handover – Downlink
For downlink, after the initialisation of the protocol layers for target cell, the UE activates the higher layers for downlink reception immediately after contention resolution for the handover complete procedure at target. From this moment, the UE will have the dual protocol stack operation in downlink from source and target cell at higher layers (PDCP/RLC). During the DAPS operation, the UE may receive PDCP packets via both source and target cell . The PDCP layer operation of source will use the security keys associated with source cell. The PDCP processing for the target cell uses the new security keys derived for the target cell. 
The state transition diagram for downlink protocol stack operation is illustrated in Figure 2.
 [image: ]
Figure 2: UE protocol stack operations in downlink from source and target cell during the handover procedure.

Observation 3: For downlink, UE may receive the downlink user data transmission via both source and target cells for at least a short duration of time. 

2.4.1 Release of source PS operation for downlink 
For the termination of DAPS operation in downlink, different options are possible:
· Option 1: On reception of handover complete message at target node, the target node informs the source cell to stop the downlink transmission in the source cell. In this case the UE also stops reception from source cell on receiving the response for the handover complete message. The UE may also decide to stop the source cell reception on receiving the first downlink packet from target. For all these cases some changes are required for X2 signalling as mentioned below.
· This option requires additional X2 signalling to indicate the handover completion to source cell. In existing X2 specifications only UE-Context-Release message is sent from target node. But this message is sent after completing the path-switch with SGW.
· Option 2: In case of CFRA access configured for handover, the target node can inform the UE arrival based on reception of CFRA preamble itself. In this case the source can stop the downlink transmission on receiving this additional indication itself. Here we assume the target node starts downlink transmission immediately on receiving CFRA preamble itself. In this case UE can stop source side reception on receiving first downlink packet for its target C-RNTI. The UE can complete the DL HARQ operation associated with the pending downlink transmissions before stopping the reception at source side.
· Option 3: Source node decides on when to stop the downlink transmission in source cell based on radio conditions and indicate the same via X2 signalling message. This is similar to option 1 with source node decides on terminating the source protocol stack operation.
Out of the above options, option 1 is prefered as the switching from DAPS to single PS operation is defined clearly based on the existing signalling messages and procedures. Eventhough Option 3 allows the network with additional flexibility for releasing the source PS based on radio condition it brings some uncertainties and also signalling impacts.
Proposal 5: Successful handover completion at target cell should be considered as trigger for releasing the source PS operation in downlink.
When the PDCP layers of both source and target nodes are operational at the same time, additional co-ordination is required between the PDCP layers related to assigning sequence numbers at the transmission side and the re-ordering and duplicate detection functions. Moreover, only one of the PDPC layer should be responsible for interacting with the higher layers in both network and UE. Further analysis on these aspects are discussed in [2].

3	Conclusion
In this contribution, The observations and proposals are summarized below.
Observation 1: Only single instance of protocol layer is operational in the existing handover procedures specified until Rel-15.
Proposal 1: The DAPS operation is initialised at UE when the UE receives the indication for DAPS operation as part of RRC Reconfiguration with mobility-control Information.
Proposal 2: RRC signaling from source eNB towards UE should be stopped when Handover command with indication for DAPS has been sent to UE.
Uplink DAPS Operation 
Proposal 3: For uplink operation, the UE switches its higher layer protocol layers for data bearers from source to target on successful delivery of RRC Reconfiguration Complete message.
Observation 2: After the switching of uplink transmission to target cell, PUCCH operation may be required at source cell if the downlink transmission continues at source after uplink switching. 
Proposal 4: The source PS configuration should be released on receiving indication from the target cell. On receiving this indication the physical layer operation at source for sending ACK/NACK should be stopped.
Downlink DAPS Operation
Observation 3: For downlink, UE may receive the downlink user data transmission via both source and target cells for at least a short duration of time. 
Proposal 5: Successful handover completion at target cell should be considered as trigger for releasing the source PS operation.
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