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1 Introduction

In R1 #106 e-meeting, some agreements are made as follows,

Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, 
· HP A/N reuses rate matching equation, and RE mapping rules in Rel-15 for A/N+CSI-1.

· LP A/N reuses rate matching equation, and RE mapping rules in Rel-15 for CSI-2.

Above applies at least for PUCCH format 3 and 4.

Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, an additional maxCodeRate for LP HARQ-ACK can be configured in the second PUCCH-Config per PUCCH format.
Conclusion

Simultaneous PUCCH/PUSCH transmission on the same cell is not supported in Rel-17.

Agreement
In NR Rel-17, [at least] 2 new set of beta offset values can be configured to the UE to indicate separate beta_offset values for the following cases:

· Multiplexing LP HARQ-ACK on HP PUSCH

· Multiplexing HP HARQ-ACK on LP PUSCH

Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17,

· PUCCH resource set determination is based on: UCI payload size = the number of HP UCI bits + the number of LP UCI bits.

· FFS PRB number determination for HP A/N and LP A/N, e.g. based on their coding rates.

· FFS the impact to the number of LP UCI bits due to missed DCI and potential solutions

· Note: the number of LP UCI bits in the above agreement does may not necessarily mean the actual number of LP UCI bits until the second FFS is resolved
In this contribution, we discuss the remaining issues on UCI multiplexing.  
2 Discussion
2.1 UCI/PUSCH multiplexing conditions
1. Multiplexing a HP and LP HARQ-ACK into a PUCCH
For scenario that multiplexing a HP HARQ-ACK and LP HARQ-ACK into a PUCCH, previously it was agreed that the PUCCH resource in the second PUCCH-Config (with high priority) will be selected for multiplexing, separate coding will be supported and an additional maxCodeRate for LP HARQ-ACK can be configured in the second PUCCH-Config per PUCCH format. In last meeting, it is decided that the PUCCH resource set determination is based on: UCI payload size = the number of HP UCI bits + the number of LP UCI bits, but still FFS on the definition of the number of LP UCI bits, since it depends on how the separate coding is done. Two alternatives can be considered,

Alt 1, Separate coding of HP HARQ-ACK and LP HARQ-ACK with the same code rate, that is the maxCodeRate configured for HP UCI in high priority PUCCH (denoted as Coderate HP).

Alt 2, Separate coding of HP HARQ-ACK and LP HARQ-ACK with different code rates. For HP HARQ-ACK, code rate is the maxCodeRate configured for HP UCI in high priority PUCCH, for LP HARQ-ACK, code rate is the maxCodeRate configured for LP UCI in high priority PUCCH (denoted as Coderate LP).

If Alt 1 is adopted, the number of LP UCI bit is just the actual number of LP UCI bits. And the PRB number determination is based on maxCodeRate configured for HP UCI in high priority PUCCH and UCI payload size, in which UCI payload size = the number of HP UCI bits + the number of LP UCI bits. 

If Alt 2 is adopted, since HP HARQ-ACK and LP HARQ-ACK are with different code rate, there should be a nominal UCI payload size, and from our understanding is nominal UCI payload size = the number of HP UCI bits + the number of LP UCI bits* Coderate HP/ Coderate LP. And the PRB number determination is based on maxCodeRate configured for HP UCI in high priority PUCCH and nominal UCI payload size
Since an additional maxCodeRate for LP HARQ-ACK can be configured in the second PUCCH-Config is already supported we think Alt 2 is a more general solution for PRB number determination.

Proposal 1: For scenario that multiplexing a HP HARQ-ACK and LP HARQ-ACK into a PUCCH, PRB number determination is based on maxCodeRate configured for HP UCI in high priority PUCCH and nominal UCI payload size, where nominal UCI payload size = the number of HP UCI bits + the number of LP UCI bits* Coderate HP/ Coderate LP.
2. Multiplexing between PUCCH resources with different priorities 
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Fig.2
And we also agree to support multiplexing in case a PUCCH overlaps with more than one PUCCH. A typical scenario is shown in Fig.2, a slot based low priority PUCCH overlaps with multiple subslot based high priority PUCCH resources, and each subslot based PUCCH resources are contained in separate subslots. For this case, our initial understanding is that UCI on the two subslot based PUCCH resources should not be multiplexed together, because they are both high priority channels, for example, high priority HARQ-ACK. Multiplexing two high priority channels would change their actual transmission time, which cause undesired latency. So for the scenario shown in Fig.2, it is better to only multiplex the slot based PUCCH and the first subslot PUCCH resource, but not to multiplex both the two subslot based high priority PUCCH together.

Proposal 2: If a slot based low priority PUCCH overlaps with multiple subslot based high priority PUCCH resources, and each subslot based PUCCH resources are contained in separate subslots, only multiplex the slot based PUCCH and the first subslot PUCCH resource, but not to multiplex both the two subslot based high priority PUCCH together.
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH, when the total number of LP and HP HARQ-ACK bits is 2 bits, it is discussed whether PUCCH Format 0 or PUCCH Format 1 should be used.  In this case, it is obvious that the HP HARQ-ACK and LP HARQ-ACK are both 1 bit. To guarantee latency of the HP HARQ-ACK, the PUCCH format of the HP HARQ-ACK should be used, or more strictly, the PUCCH resource of the HP HARQ-ACK should be the selected PUCCH resource of the multiplexed 2 bits. 
Proposal 3: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH, when the total number of LP and HP HARQ-ACK bits is 2 bits, the PUCCH resource/ format of the HP HARQ-ACK should be the selected as the PUCCH resource for the multiplexed 2 bits.
3. Multiplexing timelines
In R15, if two or more PUCCH/PUSCH in a slot need to be multiplexed, then all the channels shall satisfy the multiplexing timeline requirement defined in TS 38.213 Clause 9.2.5, and the minimum gap defined in the timeline is for necessary preparation of multiplexing. When different priorities are introduced to each channels, the time needed for multiplexing is not impacted. So the R15 multiplexing timeline can be reused for PUCCH/PUSCH with different priorities.  Still there are some companies suggest that the final channel for multiplexed UCI should not later than the original high priority channels. From our view, it may pose too strict requirement on selection of the channel for multiplexing and will cause multiplexing failure in most scenarios. 
Proposal 4: The R15 multiplexing timeline can be reused for PUCCH/PUSCH with different priorities.
4. Multiplexing enabler

It is agreed in last meeting to support a mechanism for gNB to enable/disable the multiplexing HP and LP HARQ-ACK, HARQ-ACK and PUSCH of different priorities. Detailed methods such as DCI indication and/or RRC configuration/ beta_offset, can be further discussed. In our opinion, whether UE can only support R16 prioritization/dropping rule, or can also do multiplexing as will be defined in R17 should be a UE capability, and should be reported to gNB. For UE with the capability of supporting multiplexing, to enable/disable the multiplexing of channels of different priorities in a dynamic way is not necessary and may even cause disorder at UE side. For example, in Fig.3, if DCI for HP HARQ-ACK1 indicates to disable multiplexing, that means LP HARQ-ACK3 should be dropped, while as DCI for HP HARQ-ACK2 indicates to enable multiplexing, that means LP HARQ-ACK3 should be multiplexed with HP HARQ-ACK2, then what should be the UE behaviour? So for enabling/disabling multiplexing of channels of different priorities, a semi-static configuration is preferred.
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Proposal 5: For enabling/disabling multiplexing of channels of different priorities, semi-static configuration is preferred. 
5. HP SR on LP PUSCH
For MAC entity, a logical channel can be configured with a priority and its corresponding max-PUSCHduration, that means if the scheduled PUSCH length in the UL grant exceeds the max-PUSCHduration, then the PUSCH cannot be used to convey data from the logic channel. So for some high priority logical channel, it is necessary to send its corresponding SR to gNB to get PUSCH resource assignments in time.
In R16, if a high priority SR(HP SR) overlaps with LP PUSCH, LP PUSCH will be dropped. In R17 solutions for multiplexing should be studied to enhance LP PUSCH performance. A possible way can be treating HP SR as HARQ-ACK bit or CSI bit and multiplex it to LP PUSCH using the R15 method. However, considering the fact that HP SR is only one RB in frequency and typically one or two symbols in time, it is possible to puncture the LP PUSCH directly in the overlapping time-frequency resource to transmit SR-PUCCH. Compared to multiplexing on LP PUSCH, direct puncture would not affect the original timing of SR.
Proposal 6: Solutions such as direct puncture or treating HP SR as HARQ-ACK/CSI bit in multiplexing can be considered for HP SR on LP PUSCH.
2.2 Prioritization of DG-PUSCH/CG-PUSCH 

From our understanding, even though CG-PUSCH is semi-static configured, no matter it is high or low priority, there may be the case when UE has nothing to transmit on it, hence an empty CG-PUSCH is possible. gNB cannot be sure whether the CG-PUSCH is actually transmitted or not until it has tried to decode the channel. For HP CG-PUSCH typically with shorter periodicity (can be short to 2 symbols), it can be a little difficult to avoid conflict between a CG-PUSCH and DG-PUSCH.
1. HP CG-PUSCH overlaps with LP DG-PUSCH
If there is no actual transmission of UL data on the HP CG-PUSCH, UE can select to transmit the LP DG-PUSCH. Otherwise UE should transmit HP CG PUSCH and cannel the LP DG-PUSCH. Since gNB cannot know in advance whether the HP CG-PUSCH is actually transmitted or not, gNB still has to try to receive and decode both of them. So the case of HP CG-PUSCH overlapping with LP DG-PUSCH should be handled by UE implementation.
Proposal 7: The case of HP CG-PUSCH overlapping with LP DG-PUSCH should be handled by UE implementation.
2. LP CG-PUSCH overlaps with HP DG-PUSCH
It is already agreed to support PHY prioritization of overlapping high-priority dynamic grant PUSCH and low-priority configured grant PUSCH on a BWP of a serving cell in R17. And the related cancelation behaviour for the PUSCH of lower PHY priority and other details can be further discussed. But in fact, we already have related cancelation behaviour as agreed in RAN1#99 in R16, which can be reused here,
Agreement
When a high-priority UL transmission overlaps with a low-priority UL transmission in a slot, 

· The UE is expected to cancel the low-priority UL transmission starting from Tproc,2 +d1 after the end of PDCCH scheduling the high-priority transmission, where

· Tproc,2 is correponding to UE processing time capability for the carrier. 

· Value d1 is the time duration corresponding to 0,1,2 symbols reported by UE capability

· Note: d_2,1=0 is for cancellation

· The minimum processing time of the high priority channel is extended by d2 symbols

· Value d2 is the time duration corresponding to 0,1,2 symbols reported by UE capability

· The overlapping condition is per repetition of the uplink transmission
However, the above agreement may cause a situation that the LP CG PUSCH is not canceled yet when the HP DG PUSCH has already start if d2 is smaller than d1. One simple way to avoid such unwanted case can be always report/configure d2 >=d1.
Proposal 8: For LP CG-PUSCH overlaps with HP DG-PUSCH, related cancelation behaviour for LP CG-PUSCH defined in R16 can be reused.
3 Conclusions

In this contribution, we discuss issues on UCI/PUSCH multiplexing and prioritization of DG-PUSCH/CG-PUSCH.  
Proposal 1: For scenario that multiplexing a HP HARQ-ACK and LP HARQ-ACK into a PUCCH, PRB number determination is based on maxCodeRate configured for HP UCI in high priority PUCCH and nominal UCI payload size, where nominal UCI payload size = the number of HP UCI bits + the number of LP UCI bits* Coderate HP/ Coderate LP.
Proposal 2: If a slot based low priority PUCCH overlaps with multiple subslot based high priority PUCCH resources, and each subslot based PUCCH resources are contained in separate subslots, only multiplex the slot based PUCCH and the first subslot PUCCH resource, but not to multiplex both the two subslot based high priority PUCCH together.

Proposal 3: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH, when the total number of LP and HP HARQ-ACK bits is 2 bits, the PUCCH resource/ format of the HP HARQ-ACK should be the selected as the PUCCH resource for the multiplexed 2 bits.
Proposal 4: The R15 multiplexing timeline can be reused for PUCCH/PUSCH with different priorities.
Proposal 5: For enabling/disabling multiplexing of channels of different priorities, semi-static configuration is preferred. 
Proposal 6: Solutions such as direct puncture or treating HP SR as HARQ-ACK/CSI bit in multiplexing can be considered for HP SR on LP PUSCH.
Proposal 7: The case of HP CG-PUSCH overlapping with LP DG-PUSCH should be handled by UE implementation.
Proposal 8: For LP CG-PUSCH overlaps with HP DG-PUSCH, related cancelation behaviour for LP CG-PUSCH defined in R16 can be reused.
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