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In the TSG-RAN#88e plenary meeting, the scope of revised WID on enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR physical layer enhancements for NR URLLC was defined for Release 17 [1]. One of the objectives of this WI is intra-UE prioritization/multiplexing of traffic with different priority as outlined below.
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 discuss our views on issues related to intra-UE HARQ-ACK multiplexing.

[bookmark: _Hlk60755926][bookmark: _Ref129681832]Intra-UE HARQ-ACK multiplexing 
In last meeting, following agreements for multiplexing a high priority HARQ-ACK and a low priority HARQ-ACK on a PUCCH were achieved [2].
 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.
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 RAN1 106-e meeting, high level rules for multiplexing high priority HARQ-ACK and low priority HARQ-ACK on a PUCCH were discussed, including rate matching and RE mapping. Considering a Rel-16 UE can be configured with two HARQ-ACK codebooks for different services, for FFS the impact to the number of LP UCI bits due to missed DCI and potential solutions, it is beneficial to first discuss whether to support multiplexing for two HARQ-ACK codebooks with following codebook type configurations of different priorities on a PUCCH.
· Case a) LP Type-1 HARQ-ACK codebook and HP Type-1 HARQ-ACK codebook 
· Case b) LP Type-2 HARQ-ACK codebook and HP Type-2 HARQ-ACK codebook 
· Case c) HP Type-1 HARQ-ACK codebook and LP Type-2 HARQ-ACK codebook
· Case d) HP Type-2 HARQ-ACK codebook and LP Type-1 HARQ-ACK codebook 
For case a) and case d), the missed DCI associated with LP HARQ-ACK will not impact the total number of multiplexed HARQ-ACK bits, multiplexing for LP HARQ-ACK and HP HARQ-ACK for case a) should be supported in Rel-17. But if directly multiplexing the LP HARQ-ACK and HP HARQ-ACK based on the total HARQ-ACK bits number of LP codebook and total HARQ-ACK bits number of HP codebook, it will lead to some redundant HARQ-ACK bits reporting and resource wasting. For example, when the two K1 sets separately configured for different HARQ-ACK codebooks have some same k1 values, and the same TDRA list corresponds to the two HARQ-ACK codebooks, then using the straightforward multiplexing scheme will lead to unnecessary redundancy.  As shown in Fig.1 below, the K1 sets configured for low-priority HARQ-ACK and high-priority HARQ-ACK are {4,3,2} and {2,1}, respectively. By using the straightforward solution, the candidate PDSCH occasions corresponding to DL slot determined by k1=2 will be generated repeatedly for two HARQ-ACK codebooks, e.g., the determined maximum number of non-overlapped candidate PDSCH occasions for the DL slot associated with k1=2 is 5, then 10 HARQ-ACK positions corresponding to the DL slot will be determined in the multiplexed HARQ-ACK codebook. So 5 bit redundancy will be generated since at most 5 PDSCH receptions can be scheduled in this DL slot.  
[image: ]
Fig.1 Example for two overlapped K1 set configured for two HARQ-ACK codebooks 
[image: ]
Fig.2 Example for multiplexed HARQ-ACK codebook obtained by straightforward multiplexing scheme

To address the above issue, following optimized solution can be considered:
· UE constructs the high-priority Type-1 HARQ-ACK CB based on K1 set of high-priority HARQ-ACK as Rel-16, while constructs low-priority Type-1 HARQ-ACK CB based on a updated K1’ set of low-priority HARQ-ACK. The updated K1’ set is obtained by removing values in the intersection of the two separate HARQ-ACK timing K1 sets of two Type-1 CBs from K1 set of low-priority HARQ-ACK. UE reports the LP A/N associated with overlapped K1 value in HP HARQ-ACK CB. 
· Then UE multiplexes the LP HARQ-ACK and HP HARQ-ACK on a PUCCH based on total HARQ-ACK bits number of updated LP codebook and total HARQ-ACK bits number of HP codebook.
For case b) and case c), in order to avoid the impact on the total number of multiplexed HARQ-ACK bits due to the DCI miss detection associated with low priority HARQ-ACK, one reasonable way is to introduce additional DCI field in DCI associated with high priority HARQ-ACK or high priority PUSCH for determining the number of LP HARQ-ACK bits multiplexed on PUCCH/PUSCH.
Proposal 1:  Support multiplexing of two Type-1 HARQ-ACK codebooks of different priorities on a PUCCH in Rel-17 as follows:
· Firstly, UE constructs the high-priority Type-1 HARQ-ACK codebook based on K1 set of high-priority HARQ-ACK as Rel-16, and constructs low-priority Type-1 HARQ-ACK codebook based on K1’ set obtained by removing values in the intersection of the two separate HARQ-ACK timing K1 sets of two Type-1 CBs from the K1 set of low-priority HARQ-ACK.
· Then UE multiplexes the LP HARQ-ACK and HP HARQ-ACK on a PUCCH based on total HARQ-ACK bits number of updated LP codebook and total HARQ-ACK bits number of HP codebook.

 Proposal 2:  For multiplexing of a low priority Type-2 HARQ-ACK codebook and a high priority Type-1/Type-2 HARQ-ACK codebook on a PUCCH in Rel-17,
· Support introducing an additional DCI field in DCI associated with high priority HARQ-ACK or high priority PUSCH for determining the total number of LP HARQ-ACK bits.

Intra-UE HARQ-ACK/PUSCH multiplexing 
In last meeting, following agreements and work assumption were made [2]:
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

Working Assumption
For handling overlapping PUCCHs/PUSCHs with different priorities in R17 
· Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority
· Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities 
Note: Avoid recursive pseudo-code to implement this procedure
Note: It is expected that Rel-15 intra-UE UCI multiplexing timeline will be applicable

For overlapping between more than two channels, the working assumption was made to resolve overlapping PUCCHs and/or PUSCHs with the same priority firstly, resolve overlapping PUCCHs and/or PUSCHs with different priorities secondly. But the details on how to multiplexing for different collision cases are not very clear now. Firstly, we discuss the collision handling for PUSCH and PUCCHs for HARQ-ACK with different priorities when simultaneous PUCCH/PUSCH transmission of different priorities over different cells is not configured.  In Rel-16, HARQ-ACK bits are allowed to be multiplexed on PUSCH only when the priority of HARQ-ACK and PUSCH are the same, i.e., multiplexing eMBB HARQ-ACK on eMBB PUSCH, multiplexing URLLC HARQ-ACK on URLLC PUSCH. In Rel-17, in order to improve the spectrum efficiency, when a PUSCH with low or high priority collides with two PUCCHs for HARQ-ACK of high priority and HARQ-ACK of low priority simultaneously, support multiplexing both low-priority HARQ-ACK and high-priority HARQ-ACK on the PUSCH when the conditions are satisfied. While the detail multiplexing scheme is still FFS. One related open issue is that if the PUSCH is scheduled by UL DCI format 0_1/0_2 with a DAI field, whether and how to apply the DAI field to the multiplexed HARQ-ACK codebook when multiplexing two HARQ-ACK codebooks with different priorities on a PUSCH is enabled. In our view, which HARQ-ACK codebook the DAI field applies to can be configured by gNB for different cases. For example, if the eMBB HARQ-ACK bits are compressed and then multiplexed with URLLC HARQ-ACK bits, e.g., bundle eMBB HARQ-ACK bits as 1-bit and append it to the URLLC HARQ-ACK codebook, the DAI field is configured as to help determine the URLLC HARQ-ACK codebook. If multiplexing all the eMBB HARQ-ACK bits and URLLC HARQ-ACK bits on PUSCH, the DAI field is configured as to help determine the eMBB HARQ-ACK codebook since the reliability of URLLC PDCCH is high.  
Proposal 3: When multiplexing both low-priority HARQ-ACK and high-priority HARQ-ACK on a PUSCH scheduled by an UL non-fallback DCI with a DAI field, which HARQ-ACK codebook the DAI field is applied to should be configured by gNB.
For the collision involved two PUSCH with different priorities on a same cell, if UE firstly resolves overlapping PUCCHs and PUSCHs with the same priority by reusing Rel-15 multiplexing procedure, then do prioritization between PUSCHs with the different priorities, it may cause unnecessary UCI dropping, one example is given below Fig.3 Therefore, additional step can be considered for collision handling involved two PUSCH with different priorities on a same cell: 
· Step 0: Resolve the overlapping between the PUSCHs with different priorities if any 
· Step 1: Resolve overlapping between PUCCHs and/or PUSCHs with the same priority
· Step 2: Resolve overlapping between PUCCHs with different priorities and overlapping between PUCCHs and PUSCHs with different priorities 


Fig.3 Example for collision handling for more than two UL channels involved two PUSCHs with different priorities

Proposal 4: For the collision handling for more than two UL channels involved two PUSCHs with different priorities on a same cell in Rel-17, 
· Step 0: Resolve the overlapping between the PUSCHs with different priorities 
· Step 1: Resolve overlapping between PUCCHs and/or PUSCHs with the same priority
· Step 2: Resolve overlapping between PUCCHs with different priorities and/or overlapping between PUCCHs and PUSCHs with different priorities 
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From the discussion, we have the following proposals.
Proposal 1:  Support multiplexing of two Type-1 HARQ-ACK codebooks of different priorities on a PUCCH in Rel-17 as follows:
· Firstly, UE constructs the high-priority Type-1 HARQ-ACK codebook based on K1 set of high-priority HARQ-ACK as Rel-16, and constructs low-priority Type-1 HARQ-ACK codebook based on K1’ set obtained by removing values in the intersection of the two separate HARQ-ACK timing K1 sets of two Type-1 CBs from the K1 set of low-priority HARQ-ACK.
· Then UE multiplexes the LP HARQ-ACK and HP HARQ-ACK on a PUCCH based on total HARQ-ACK bits number of updated LP codebook and total HARQ-ACK bits number of HP codebook.

 Proposal 2:  For multiplexing of a low priority Type-2 HARQ-ACK codebook and a high priority Type-1/Type-2 HARQ-ACK codebook on a PUCCH in Rel-17,
· Support introducing an additional DCI field in DCI associated with high priority HARQ-ACK or high priority PUSCH for determining the total number of LP HARQ-ACK bits.

Proposal 3: When multiplexing both low-priority HARQ-ACK and high-priority HARQ-ACK on a PUSCH scheduled by an UL non-fallback DCI with a DAI field, which HARQ-ACK codebook the DAI field is applied to should be configured by gNB.
Proposal 4: For the collision handling for more than two UL channels involved two PUSCHs with different priorities on a same cell in Rel-17, 
· Step 0: Resolve the overlapping between the PUSCHs with different priorities 
· Step 1: Resolve overlapping between PUCCHs and/or PUSCHs with the same priority
· Step 2: Resolve overlapping between PUCCHs with different priorities and/or overlapping between PUCCHs and PUSCHs with different priorities 
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