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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


As stated in the agreements, UL PUSCH transmission is switched from source to the target cell after the reception of the first UL grant from the target. In this document we further analyse the interruption for uplink data transmission related to the uplink switching as indicated in the above agreements.
2
Discussion
During handover procedure, the first PUSCH transmission in the target cell was assigned from network as part of Random Access Response sent in response the RACH access initiated from the UE in the target cell. The UE sends the RRC Reconfiguration complete message using this uplink allocation. The UE considers the RACH procedure is completed when it receives valid PDCCH for its C-RNTI containing uplink grant [3].
For the handover with reduced user-data interruption time (RUDI), if the uplink transmission towards the source cell is stopped on reception of uplink grant from target ENB, further uplink transmission in target cell is possible only after the ENB receives and process the contents of first PUSCH transmission and knows the pending uplink transmission through BSR MAC Element included in the first transmission. In case if there is retransmission required for the first PUSCH transmission, the UE will not be able to send any further uplink transmission until the retransmission completes. As the first uplink transmission only contains the signalling bearer message, the uplink transmission for data bearers is interrupted in this case and interruption time depends on the time taken for the UE to complete the HARQ transmissions of first transmission.

The uplink interruption time for the handover procedure which switches the PUSCH transmission on first uplink grant is illustrated in the below Figure.
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Observation 1: For Handover with RUDI the first UL-PUSCH transmission towards target cell only contain the signalling messages.

Observation 2: For Handover with RUDI the user data transmission in uplink can only start on reception of grant for second PUSCH after successful reception of first UL-PUSCH containing the signalling message.  
The additional user data interruption time due to the pending PUSCH transmission for signalling message can be improved if the target node starts the assigning uplink grant without waiting for the BSR information from the UE. Following options can be considered to improve the above performance.

· The source node also forwards the latest BSR information received from UE after sending the handover command to UE. This information can be used at target node to know the pending uplink transmission before UE arrival. The target can assign larger grant for the first PUSCH itself based on this information to allow the UE to multiplex signalling and data radio bearers in the first transmission itself.

· The target node can blindly allocate additional uplink grants immediately after first PUSCH in case if there were any radio bearers configured with low latency requirements for the UE. In this case if the UE does not have any uplink packets to send, the UE can send BSR=0 in this uplink transmission.

· The UE can include additional indication at MAC level along with the BSR information in the uplink transmission towards source cell which happens immediately after the RACH transmission to target cell. This option is applicable only for handover with CFRA at target cell.
Any of the options can be considered to further improve the uplink user data interruption time for the handover with RUDI configuration when the UE is having pending uplink transmission at the time of receiving the uplink grant from target cell.

Proposal 1: RAN2 further discuss on the possible options to start the user-data transmission in the target cell at the earliest from the time of PUSCH switching.

3
Conclusion
In this contribution, we have analysed the user data interruption time in uplink for HO-RUDI when the uplink transmission switches on receiving first uplink grant from target.
Observation 1: For Handover with RUDI the first UL-PUSCH transmission towards target cell only contain the signalling messages.

Observation 2: For Handover with RUDI the user data transmission in uplink can only start on reception of grant for second PUSCH after successful reception of first UL-PUSCH containing the signalling message.  
Proposal 1: RAN2 further discuss on the possible options to start the user-data transmission in the target cell at the earliest from the time of PUSCH switching.
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