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Introduction
In RAN #88e, the WID on enhanced IoT and URLLC support for NR was agreed with following RAN1 objectives:
1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 
2. [bookmark: _Hlk26864288]Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 
In this contribution, we show our views on the enhancements on Rel-17 intra-UE multiplexing/prioritization.
Discussion
Collision between UL channels including PUCCH
In Rel-16, 2-level priority is supported for PUCCH/PUSCH. To resolve intra-UE collision between UL transmissions, a UE performs the following: 
· Step 1: Resolve collision between UL transmissions with same priority based on Rel-15 multiplexing procedure. 
· Step 2: Resolve collision between UL transmissions with different priorities, i.e. the low-priority UL transmission is canceled.
Rel-16 mechanism for handling the intra-UE collision mainly focuses on the latency and reliability of URLLC transmission. For Rel-17, multiplexing of UL channels with different priorities to reduce the performance loss of eMBB transmission should be supported, and the following issues should be discussed:
1) Collision between PUCCHs
When PUCCHs with different priorities overlap, in order to guarantee the latency and reliability of high-priority transmission, 
· The multiplexing PUCCH resource is selected from the PUCCH resources configured for high-priority transmission based on the total UCI;
· Current multiplexing timeline is reused;
· The maximum coding rate configured for high-priority UCI is used to determine the number of PRBs used for multiplexing transmission;
· If the total UCI bits exceed the payload of the multiplexing PUCCH resource, low-priority UCI should be compressed firstly, the compression priority can be: HP HARQ-ACK/SR > LP HARQ-ACK/SR > LP CSI. High-priority HARQ-ACK/SR is transmitted without any compression, and UCI with low compression priority can be compressed into 0 bit.
· Rel-15 mechanism for dropping CSI can be reused;
· New mechanism for low-priority HARQ-ACK compression should be supported.
One example is shown in Figure 1. A sub-slot-based PUCCH with high-priority HARQ-ACK overlaps with a slot-based PUCCH with CSI and a slot-based PUCCH with low-priority HARQ-ACK. 
· Step 1: One sub-slot-based PUCCH is selected based the total UCI.
· Step 2: Based on the maximum coding rate configured for high-priority UCI, all of the PRBs within the selected PUCCH resource are used for transmission. 
· Step 3: Even all of the PRBs are used, the low-priority HARQ-ACK and CSI cannot be transmitted with high-priority HARQ-ACK. To satisfy limitation of the maximum coding rate configured for high-priority UCI, all CSI reports have to be dropped, and only low-priority HARQ-ACK after compression can be multiplexed with high-priority HARQ-ACK.


Figure 1. One high-priority PUCCH resource is determined based on total UCI for multiplexing
Proposal 1:  To support multiplexing UCI in one PUCCH when the UE would transmit multiple overlapping PUCCHs with different priority:
· A PUCCH resource is selected from the PUCCH resources configured for high-priority transmission based on the total UCI.
· The maximum coding rate configured for high-priority UCI should be used to determine the number of PRBs used for multiplexing transmission.
· If the total UCI bits exceed the payload of the selected PUCCH resource, low-priority HARQ-ACK can be compressed.

2) Collision between PUCCH and PUSCH
When PUCCH and PUSCH with different priorities overlap, UCI has to be multiplexed into PUSCH, to guarantee the latency and reliability of high-priority transmission, additional limitations for multiplexing can be considered:
· Multiplexing timeline: For current multiple timeline, limitations on the starting symbols of UL transmission are considered to ensure there is enough time reserved for the processing of multiplexing.  If high-priority UCI is multiplexed into low-priority PUSCH, the latency of high-priority UCI should be ensured. Therefore, the limitations on the ending symbols of UL transmission should be considered.
· Reliability limitation: Comparing to separate transmission on high-priority channel, the reliability of high-priority information should not be degraded for multiplexing, otherwise high-priority channel is separately transmitted. Low-priority UCI compression should also be considered for this case.
Proposal 2:  To support multiplexing UCI in one PUSCH when the UE would transmit multiple overlapping PUCCH and PUSCH with different priority, additional limitations should be defined to ensure the latency and reliability of high-priority information:
· The timeline of ending symbols of UL transmission should be considered.
· Low-priority HARQ-ACK compression should also be considered.

Collision between PUSCHs
In RAN 1 #101-e meeting, collision handling between CG and CG with different priorities was agreed and it is up to UE implementation. However there was no consensus to handle collision between CG and DG with different priorities. In Rel-17, PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority is captured in the scope. And solution developed during Rel-16 is taken as baseline. Generally, there are two basic solutions in Rel-16:
· Solution 1: Rel-15 timeline is reused. For collision case between high priority CG and low priority DG, only one MAC PDC is delivered to PHY.
· Solution 2: PHY layer can make the prioritization so that high priority data can be transmitted if cancellation timeline is satisfied.
According to current spec., DG always overrides CG if Rel-15 cancellation timeline is satisfied. So if high priority CG and low priority DG collides, high priority data cannot be transmitted in time. In addition, in some cases, although high priority DG can override low priority CG, Rel-15 timeline requirement is too strict. For some cases, e.g. DL grant arrives after starting symbol of low priority uplink transmission, high priority data cannot be scheduled in time. 
Solution 1 allow high priority CG transmission, however Rel-15 timeline is too strict. Solution 2 provides more flexibility to prioritize high priority transmission. So in terms of low latency, solution 2 is a good starting point. Meanwhile, implementation complexity needs to further study.
Proposal 3: Solution 2 is a good starting point for handling the collision between CG and DG with different priorities. Meanwhile, implementation complexity needs to further study.
Conclusions
In this contribution, we show our views on the enhancements on intra-UE multiplexing/prioritization with following proposals:
Proposal 1:  To support multiplexing UCI in one PUCCH when the UE would transmit multiple overlapping PUCCHs with different priority:
· A PUCCH resource is selected from the PUCCH resources configured for high-priority transmission based on the total UCI.
· The maximum coding rate configured for high-priority UCI should be used to determine the number of PRBs used for multiplexing transmission.
· If the total UCI bits exceed the payload of the selected PUCCH resource, low-priority HARQ-ACK can be compressed.
Proposal 2:  To support multiplexing UCI in one PUSCH when the UE would transmit multiple overlapping PUCCH and PUSCH with different priority, additional limitations should be defined to ensure the latency and reliability of high-priority information:
· The timeline of ending symbols of UL transmission should be considered.
· Low-priority HARQ-ACK compression should also be considered.
[bookmark: _GoBack]Proposal 3: Solution 2 is a good starting point for handling the collision between CG and DG with different priorities. Meanwhile, implementation complexity needs to further study.
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