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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. As for the downlink, it is assumed that the UE shall keep on receiving DL packets from the source cell until it starts to receive DL packets from the target. Yet, it is still open whether the UE can continue (after switching PUSCH) with PUCCH transmission with respect to source cell for providing HARQ feedback for DL packets that are received from the source. 
In this contribution, we analyse first the impact of switching PUSCH transmission from source to target cell on UL mobility interruption and RLC ARQ. Then, we discuss the handling of HARQ feedback in DAPS.
2
Discussion
2.1 Impacts of Switching PUSCH on UL Mobility Interruption 
In DAPS solution, the UE performs random access to the target cell while transmitting/receiving to/from the source cell.  The UE obtains the first UL grant from the target cell in RACH Response (RAR). Following the agreements, the UE needs to switch UL PUSCH from source to target cell after the reception of RAR. This can be made stated more explicitly by RAN2.
Proposal 1: UE switches UL PUSCH from source to target cell after reception of the first UL grant in the random access response.
The consequence of proposal 1 is that there will be some interruption time in UL which lasts from the reception of the RAR until the UE completes the handover execution to the target cell.

Observation 1: Switching PUSCH from source to target cell leads to some mobility interruption time in UL.

2.2 Impacts of Switching PUSCH on RLC ARQ 

Having switched PUSCH transmission to target cell, UE would not be able to send RLC STATUS PDU (Control PDU) to the source cell. RLC STATUS PDU
 is relevant for RLC Acknowledged Mode (AM) where the UE provides the source cell with the status of DL PDUs which have been successfully received or which have been lost during the transmission. RLC AM is typically configured for delay tolerant but error sensitive services such as file transfer and web-browsing. Consequently, the source cell would not be able to react and re-transmit RLC PDUs that have not been successfully received by the UE in DL. The lost RLC PDUs in DL can be re-transmitted by the network only once the UE completes successfully the handover execution to the target cell. As such, UE may experience during handover some downlink interruption due to erroneous reception of packets from the source cell.
Observation 2: For RLC AM mode, RLC Status Report cannot be sent to the source cell after the switch of PUSCH which may lead to some mobility interruption in DL.
For URLLC and other delay-sensitive services such as VoIP, RLC Unacknowledged Mode (UM) can be configured which is not impacted by PUSCH switch, i.e., RLC Status Report is not needed.

Observation 3: For URLLC and other delay-sensitive services such as VoIP, RLC UM mode can be configured which do not require any RLC Status Report to be sent by the UE to the source cell on PUSCH.

2.3 Handling of HARQ Feedback in DAPS 

It still open whether the UE can provide HARQ feedback to the source cell using PUCCH after the switch of PUSCH to target cell. In the following, we analyse both options:
· Option 1: UE stops using PUCCH of source cell at the time of switching PUSCH to target
In this option, the UE would not provide any HARQ feedback to DL packets received by the source after receiving RAR from target cell. As such, if the UE fails to receive some of the DL MAC PDUs from the source cell, it must wait for the completion of the handover execution for receiving/triggering re-transmissions of lost MAC PDUs. As such, stopping PUCCH of source cell after switching PUSCH may cause some downlink interruption time.
Observation 4: Stopping PUCCH of source cell after switching PUSCH may cause some downlink interruption time due to missing re-submissions of lost MAC PDUs.
Moreover, both UE and source cell shall be in sync about the time instant for stopping HARQ feedback. This is because after the UE reception of the RAR (triggering the switch of PUSCH and PUCCH) the source cell shall resume the DL transmission of the MAC PDUs without waiting for HARQ feedback from the UE, e.g., without synchronization, the source cell may misinterpret a missing HARQ feedback as NACK. However, the time instant when the UE receives the RAR from the target cell is unknown to the source cell. 
Observation 5: UE and source cell shall be in sync about the time instant for stopping HARQ feedback.

For this issue, the following solutions can be discussed:
· Option 1-1: Source cell may de-configure HARQ feedback for DL reception when sending the handover command to the UE and applies a more robust transmission scheme.

· Pros: Well-defined time instant when both UE and source cell stop HARQ feedback.

· Cons: Lower throughput due to the usage of more robust e.g. Modulation and Coding Scheme (MCS).

· Option 1-2: Source cell may stop receiving HARQ feedback for DL reception when it receives an indication from the target cell that the UE has sent Contention Free Random Access (CFRA) preamble.
· Pros: HARQ feedback is disabled slightly before the UE receives RAR and stops PUCCH with respect to source cell.

· Cons:  Does not apply for Contention Based Random Access (CBRA) and has some uncertainties regarding the delay of the indication sent by the target to the source cell over the Xn interface, i.e., UE may stop PUCCH before the source cell receives the indication from the target.

· Option 1-3: UE informs the source cell before it sends RRC Reconfiguration Complete to the target cell (switch PUSCH) and stops PUCCH of the source cell.

· Pros: HARQ feedback is disabled at the moment the UE switches its PUSCH/PUCCH transmission to target cell and works irrespective if CFRA or CBRA is performed.

· Cons: The indication sent by the UE to the source cell may get lost.
· Option 2: UE continues PUCCH transmission to source cell until it is released

· Pros: Allows UE to provide HARQ feedback and may be used for quick fall-back to source cell in case of handover failure or failure to comply with the RRC Reconfiguration (handover command) as discussed in [3]
· Cons: For UE that are not able to simultaneously communicate in UL with both source and target cells, coordination, e.g., TDM approach, is needed to avoid PUCCH transmission colliding with UL transmission of the target cell.
Observation 6: Resuming PUCCH of the source cell until it is released allows HARQ feedback and slim fall-back in case of handover failure or failure to comply with the RRC Reconfiguration (handover command).

Based on the analysis, Option 2 has more advantages compared to Option 1 at the expense of more specification and implementation complexity. RAN2 is asked to discuss both options along their pros and cons.
Proposal 2: PUCCH transmission to the source cell can continue fter switching PUSCH to target cell when receiving the first UL grant in the RAR.
3
Conclusion
In this contribution, we have discussed the impact of PUSCH switch and the handling of HARQ feedback in DAPS solution. The observations and proposals are summarized in the following.
Proposal 1: UE switches UL PUSCH from source to target cell after reception of the first UL grant in the random access response.
Observation 1: Switching PUSCH from source to target cell leads to some mobility interruption time in UL.
Observation 2: For RLC AM mode, RLC Status Report cannot be sent to the source cell after the switch of PUSCH which may lead to some mobility interruption in DL.

Observation 3: For URLLC and other delay-sensitive services such as VoIP, RLC UM mode can be configured which do not require any RLC Status Report to be sent by the UE to the source cell on PUSCH.

Observation 4: Stopping PUCCH of source cell after switching PUSCH may cause some downlink interruption time due to missing re-submissions of lost MAC PDUs.

Observation 5: UE and source cell shall be in sync about the time instant for stopping HARQ feedback.
Observation 6: Resuming PUCCH of the source cell until it is released allows HARQ feedback and slim fall-back in case of handover failure or failure to comply with the RRC Reconfiguration (handover command).

Proposal 2: PUCCH transmission to the source cell can continue after switching PUSCH to target cell when receiving the first UL grant in the RAR.
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