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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In the previous meeting, collision handling related to PUCCH and PUSCH was discussed offline [1]. This contribution discusses collision handing when there is partial overlap between PUCCH and PUSCH.
We also have contribution on collision handling when there is partial overlap between HARQ-ACK and SR in [2].
Discussion
For full overlap case (i.e., the duration and the starting symbols are same), in case of collision between PUCCH and PUSCH, UCI of PUCCH is transmitted on PUSCH. For partial overlap case (i.e., duration and/or starting symbols are different), following cases need to be considered.
· Case 1: Starting symbol of PUCCH is earlier than that of PUSCH
· Case 2: Starting symbol of PUSCH is earlier than that of PUCCH
Before considering detailed behaviour, it is important to discuss what is the processing time assumption. In order to shorten the delay, all processing would be basically symbol level processing. Then, at least for non-slot-based scheduling, UE may not know the future symbol behaviour at the time when the UE starts to transmit earlier transmission when PUSCH or PUSCH is sent in the minimum processing time. On the other hand, for slot-based scheduling, UE may know the transmission of later transmission at least for both transmission. However, UE may not know whether non-slot-based action can happen or not at the time when the UE starts to transmit earlier transmission.
Observation: When the UE behaviour for partial overlap case is discussed, processing timeline assumption should be considered. For non-slot-based scheduling, UE may not know the future symbol behaviour at the time when the UE starts to transmit earlier transmission. Even for slot-based scheduling, UE may not know whether non-slot-based action can happen or not at the time when the UE starts to transmit earlier transmission.

Next, the detailed UE behaviour for in case of partial overlap is discussed. In the discussion on LTE Rel.15 shortened TTI, following was agreed in RAN1#90, #90bis, and #91 [3-5].
Agreements: (RAN1#90)
· In case of collision between PUCCH format 2/4/5 and sPUSCH in the same subframe on a given carrier for a UE
· The UE shall transmit sPUSCH
· The UE should attempt to drop/stop as soon as possible (up to UE implementation) whole/remaining transmission of PUCCH format 2/4/5.
· The UE shall not resume the dropped/stopped transmission
· FFS: If HARQ-ACK of PUCCH is transmitted.
· FFS on whether CSI of PUCCH is dropped or not.
· FFS if a requirement on the time of dropping prior to sPUSCH transmission is adopted
· FFS for other PUCCH formats
Agreements: (RAN1#90bis)
· When HARQ-ACK for PDSCH is transmitted on sPUSCH due to collision between PUCCH and sPUSCH in the same subframe on a given carrier, spatial bundling for HARQ-ACK of PUCCH before mapping onto sPUSCH is supported.
· For 7os sPUSCH spatial bundling is applied when configured, for 2/3os sPUSCH spatial bundling is always applied
· FFS other bundling
Agreements: (RAN1#91)
· In case of collision between PUSCH and sPUCCH in the same subframe on a given carrier, the UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH and shall transmit sPUCCH, and the UE shall not resume the dropped/stopped transmission.
· HARQ-ACK of PUSCH is transmitted on sPUCCH
· Spatial bundling for HARQ-ACK of PUSCH before mapping onto 1-slot sPUCCH is supported when configured
· Spatial bundling for HARQ-ACK of PUSCH before mapping onto 2/3-OS sPUCCH is applied.
· Joint coding of HARQ-ACK for PDSCH and sHARQ-ACK for sPDSCH is supported
· CSI of PUSCH is dropped
In LTE Rel.15 shortened TTI, sTTI channel is always prioritized in case of collision. In case the starting symbols is not aligned, since normal TTI is occupied over whole subframe, sTTI channel always start at later symbol than normal TTI.  Then, it could also be interpreted that later transmission is prioritized as only important or delay critical transmission is triggered during on-going transmission of the other channel. HARQ-ACK on earlier transmission is transmitted later. CSI on earlier transmission is dropped. On the other hand, just to drop deprioritized channel as specified in sTTI is not so optimized behaviour in NR. In the following, we discuss UE behaviour considering LTE Rel.15 shortened TTI as starting point.
For slot-scheduling, UE may know the later transmission when UE starts to transmit earlier transmission. If NR follows LTE Rel.15 sTTI, for Case 1, PUCCH is not transmitted in case later PUSCH is more important and then, UCI on PUCCH is multiplexed to PUSCH. For Case 2, if NR follows LTE Rel.15 sTTI, PUSCH is dropped and PUCCH is transmitted in case later PUCCH is more important. This would degrade the uplink throughout performance. In this case, since UE may know the later PUCCH transmission when UE starts to transmit earlier PUSCH transmission, to multiplex UCI on PUCCH to PUSCH would be possible similar to Case 1 if processing time allow to transmit UCI on earlier PUSCH taking into account UE’s minimum processing and TA. However, in case UCI is multiplexed earlier or later, PUSCH transmission will impact the PUCCH transmission timeline. Instead of the impact the timeline of PUCCH transmission, drop either transmission would be simple approach. Which channel is prioritized could depend on traffic type (e.g., important traffic such as URLLC is prioritized than eMBB) or transmission order (e.g., later transmission is prioritized). The latter one has the merit of longer processing time.
For non-slot scheduling, UE may not know the later transmission when UE starts to transmit earlier transmission. Then, to multiplex UCI on earlier or later PUSCH would not be possible.
Proposal: When PUCCH and PUSCH are partially overlapped, following option could be considered.
· For slot-based-scheduling, 
· Option 1: If PUCCH starting symbol is earlier than PUSCH, PUCCH is not transmitted and UCI on PUCCH is multiplexed to PUSCH. If PUSCH starting symbol is earlier than PUCCH, PUCCH is not transmitted and UCI on PUSCH is multiplexed to PUSCH if processing time allow to transmit UCI on earlier PUSCH. Otherwise, drop PUSCH or PUCCH.
· Option 2: If PUCCH starting symbol is earlier than PUSCH, PUCCH is not transmitted and UCI on PUCCH is multiplexed to PUSCH. If PUSCH starting symbol is earlier than PUCCH, drop PUSCH or PUCCH.
· Option 3: Drop PUSCH or PUCCH. Which channel is prioritized could depend on traffic type (e.g., important traffic such as URLLC is prioritized than eMBB, HARQ-ACK is important than CSI).
· For non-slot-based scheduling,
· Option 3: Drop PUSCH or PUCCH. Which channel is prioritized could depend on traffic type (e.g., important traffic such as URLLC is prioritized than eMBB, HARQ-ACK is important than CSI).

Conclusion
In this contribution, we discussed collision handing when there is partial overlap between PUCCH and PUSCH. We have following observation and proposal:
[bookmark: _GoBack]Observation: When the UE behaviour for partial overlap case is discussed, processing timeline assumption should be considered. For non-slot-based scheduling, UE may not know the future symbol behaviour at the time when the UE starts to transmit earlier transmission. Even for slot-based scheduling, UE may not know whether non-slot-based action can happen or not at the time when the UE starts to transmit earlier transmission.
Proposal: When PUCCH and PUSCH are partially overlapped, following option could be considered.
· For slot-based-scheduling, 
· Option 1: If PUCCH starting symbol is earlier than PUSCH, PUCCH is not transmitted and UCI on PUCCH is multiplexed to PUSCH. If PUSCH starting symbol is earlier than PUCCH, PUCCH is not transmitted and UCI on PUSCH is multiplexed to PUSCH if processing time allow to transmit UCI on earlier PUSCH. Otherwise, drop PUSCH or PUCCH.
· Option 2: If PUCCH starting symbol is earlier than PUSCH, PUCCH is not transmitted and UCI on PUCCH is multiplexed to PUSCH. If PUSCH starting symbol is earlier than PUCCH, drop PUSCH or PUCCH.
· Option 3: Drop PUSCH or PUCCH. Which channel is prioritized could depend on traffic type (e.g., important traffic such as URLLC is prioritized than eMBB, HARQ-ACK is important than CSI).
· For non-slot-based scheduling,
· Option 3: Drop PUSCH or PUCCH. Which channel is prioritized could depend on traffic type (e.g., important traffic such as URLLC is prioritized than eMBB, HARQ-ACK is important than CSI).
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