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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
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 
Firstly, we discuss the issue for intra-UE HARQ-ACK multiplexing between different resources not confined within a sub-slot. In RAN1#103-e meeting, following agreements were made:
Agreements:
For multiplexing UCIs of different priorities in a PUCCH in R17, 
· [bookmark: _Hlk60755796]Support of multiplexing between different resources not confined within a sub-slot if conditions are met
· FFS: Details 
· Support multiplexing in case a PUCCH overlaps with more than one PUCCH if conditions are met
· FFS details

Multiplexing of eMBB and URLLC HARQ-ACK must only be allowed when URLLC service requirements can be guaranteed and multiplexing timeline conditions are satisfied.  Existing multiplexing timeline in Clause 9.2.5 of TS 38.213 can be reused as a starting point. If a URLLC PUCCH is transmitted on sub-slot level and an eMBB PUCCH is transmitted on slot-level, eMBB PUCCH may cover more than one sub-slot and there might be collisions between this PUCCH transmission and later PUCCH transmissions on sub-slot level containing URLLC HARQ feedback as shown in Fig. 1.   
[image: ]
Fig.1 Example for a PUCCH for eMBB HARQ-ACK overlapping with two sub-slot based PUCCHs for URLLC HARQ-ACK

Provided multiplexing timeline conditions are satisfied, if multiplexing decision is made in the first sub-slot and a PUCCH transmission on slot-level is determined for the multiplexed HARQ-ACK that covers multiple sub-slots, there might be collisions between this PUCCH transmission and later PUCCH transmissions on sub-slot level containing URLLC HARQ feedback. If the DCI corresponding to the later PUCCH transmission with URLLC HARQ feedback is received without providing sufficient time for multiplexing, these collisions are resolved via dropping and the first URLLC HARQ feedback is lost. This can be avoided if eMBB and URLLC HARQ-ACK are multiplexed on a sub-slot PUCCH resource such that it does not collide with the URLLC PUCCH resource in the second sub-slot. 
Observation 1: If the resource used for transmitting multiplexed HARQ-ACK feedback spans multiple sub-slots, there is a risk of losing a high priority HARQ-ACK due to collision of multiplexed transmission with another high priority PUCCH transmission in a later sub-slot.
[bookmark: _Hlk52450477][bookmark: _Hlk60810369]Therefore, it is proposed to support intra-UE HARQ-ACK feedback multiplexing between different PUCCH resources not confined within a sub-slot only if the latency requirements and timeline conditions are satisfied and the resulted PUCCH resource does not collide with a URLLC PUCCH resource in a later sub-slot. 
Proposal 1: HARQ-ACK feedback multiplexing between different PUCCH resources not confined within a sub-slot is supported only if the latency requirements and timeline conditions are satisfied and the resulted PUCCH resource does not collide with a URLLC PUCCH resource in the second sub-slot. 
[bookmark: _Hlk52377542]Another issue which was discussed extensively in the previous meetings without any consensus is whether to use joint or separate coding or a combination of two for intra-UE HARQ-ACK multiplexing. Although it is considered that reliability of URLLC HARQ-ACK can be guaranteed by separate coding of the two codebooks, however, even separate encoding can affect reliability of the URLLC feedback depending on the corresponding configured resources and code rate. Therefore, HARQ-ACK codebook compression can be considered to avoid detrimental effect on URLLC reliability. One option is to always compress eMBB HARQ-ACK codebook. However, since URLLC is designed for high reliability, URLLC HARQ-ACK codebook may be carrying ACK in most cases. In such cases, multiplexing original eMBB feedback with compressed URLLC feedback is a better solution. Therefore, decision that which codebook is compressed can be based on the codebook content as follows.
· If URLLC codebook carries ACK only or NACK only: if eMBB codebook carries both ACK and NACK, bundle URLLC HARQ-ACK codebook bits into 1 bit and append at the end of the eMBB codebook. Otherwise, bundle eMBB codebook bits into 1 bit and append at the end of the URLLC codebook.
· If URLLC codebook carries both ACK and NACK, bundle eMBB HARQ-ACK codebook bits into 1 bit and append at the end of the URLLC codebook. In this case, if bundled eMBB feedback indicates NACK, full eMBB codebook is transmitted later. Features, e.g. Type 3 codebook, enhanced Type 2 codebook and NNK1, developed in Rel-16 can be used for transmission of original eMBB HARQ-ACK feedback later.

Proposal 2: Multiplexed feedback consists of original codebook for one service followed by one bit representing the result of bundling the other codebook’s bits. Content of the two codebooks determine which codebook’s bits are bundled.
To inform gNB which codebook is bundled, either implicit or explicit indication can be considered as discussed below.
Implicit indication: Multiplexed feedback is transmitted on the resource for uncompressed feedback. For instance, if eMBB feedback is bundled, the multiplexed feedback is transmitted on the URLLC feedback resource. Therefore, the resource carrying multiplexed feedback implicitly indicates which codebook is bundled.
Explicit indication: 1-bit indicator can precede the multiplexed feedback. For instance, this bit can be set to ‘1’ when the URLLC codebook is bundled and to indicate that eMBB codebook is bundled, it can be set to ‘0’.
If implicit indication is supported, gNB will have to blindly decode multiplexed feedback on the colliding PUCCH resources. Moreover, following agreements were made regarding PUCCH resource determination for intra-UE HARQ-ACK multiplexing in RAN1#104-e meeting. 

Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, 
· Use a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK) at least in case the total number of LP and HP HARQ-ACK bits is more than 2.
· FFS: The PUCCH resource is configured dedicated for multiplexing of HP HARQ-ACK and LP HARQ-ACK.
· FFS in case the total number of LP and HP HARQ-ACK bits is 2.
· FFS details

Therefore, a straightforward approach would be to support explicit indication to indicate which codebook has been bundled. 
Proposal 3: Support transmitting 1-bit indicator with multiplexed HARQ-ACK feedback as proposed in proposal 1 to explicitly indicate which codebook is bundled. 
In our understanding, it is a reasonable expectation that gNB will configure URLLC PUCCH resource such that latency and reliability of URLLC HARQ-ACK (whether bundled or not) is satisfied when intra UE HARQ-ACK multiplexing is supported. If gNB determines that URLLC service requirements may be compromised due to multiplexing, it should be able to dynamically disable intra-UE HARQ-ACK multiplexing. 
Proposal 4: Support dynamic enabling/disabling of intra-UE HARQ-ACK multiplexing to ensure URLCC performance requirements. 
Finally, we discuss how to support multiplexing for two HARQ-ACK codebooks with different priorities on a PUCCH. In Rel-16, when a UE is configured with two HARQ-ACK codebooks for different services, separate configuration of HARQ-ACK codebook types and HARQ-ACK timing K1 set for the two HARQ-ACK codebooks are supported. In Rel-17, support multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH to improve the performance of eMBB traffic, while the detail multiplexing scheme and condition still need to be further studied. One open issue related to multiplexing condition is to study whether and how to support multiplexing for two HARQ-ACK codebooks with different priorities on a PUCCH in following configurations.
· Case a) Low-priority Type-1 HARQ-ACK codebook and high-priority Type-1 HARQ-ACK codebook 
· Case b) Low-priority Type-2 HARQ-ACK codebook and high-priority Type-2 HARQ-ACK codebook 
· Case c) High-priority Type-1 HARQ-ACK codebook and low-priority Type-2 HARQ-ACK codebook
· Case d) High-priority Type-2 HARQ-ACK codebook and low-priority Type-1 HARQ-ACK codebook 
Based on our understanding, at least case a) and case b) should be supported in Rel-17. For case a), when Type-1 HARQ-ACK codebook type is configured for both low-priority HARQ-ACK and high-priority HARQ-ACK, the details of multiplexing HARQ-ACK of different priorities on a PUCCH are still FFS. One straightforward solution is to construct two HARQ-ACK codebooks separately as Rel-16 and paste them together as a multiplexed HARQ-ACK codebook. However, 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.  One example is shown in Fig.2 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.2 Example for two overlapped K1 set configured for two HARQ-ACK codebooks 
[image: ]
Fig.3 Example for multiplexed HARQ-ACK codebook obtained by straightforward multiplexing scheme

Observation 2: The straightforward method for multiplexing two Type-1 HARQ-ACK codebooks on a PUCCH by constructing two Type-1 HARQ-ACK codebooks separately as Rel-16 and pasting them together as a multiplexed HARQ-ACK codebook may lead to unnecessary redundancy. 
To address the above issue, following enhanced solutions can be considered:
· Option 1: UE directly constructs a multiplexed HARQ-ACK codebook based on steps below.
· Step 1: UE determines the union of the two separate HARQ-ACK timing value sets of two Type-1 CBs.
· Step 2: UE constructs the multiplexed HARQ-ACK codebook based on the union of the two K1 sets. The other procedure for constructing the HARQ-ACK CB can follow Rel-16 rule.
· Option 2: UE constructs two HARQ-ACK codebooks of different priorities and then paste them together as follows. 
· 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.
Option 1 is simple and suitable for joint coding. Option 2 is complicated but can be applied to both joint coding and separate coding. Therefore, option 2 is slightly preferred.     
Proposal 5:  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 pastes the two HARQ-ACK codebooks together as a multiplexed HARQ-ACK codebook. 
Intra-UE HARQ-ACK/PUSCH multiplexing 
In last meeting, following agreements were made:
Agreements:
Per UE with the capability of inter-band CA, simultaneous PUCCH/PUSCH transmission of different PHY priorities over different cells can be RRC configured within the same PUCCH group
· FFS: dynamic indication

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 6: 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.
Similarly, the collision handling for PUSCH and PUCCHs for HARQ-ACK with different priorities should be also considered when simultaneous PUCCH/PUSCH transmission of different priorities over different cells is configured. For example, when a PUCCH for eMBB HARQ-ACK on CC #1 is overlapped with a PUCCH for URLLC HARQ-ACK on CC #1 and a PUSCH for eMBB UL-SCH on CC #2, PUCCH for URLLC HARQ-ACK and PUSCH for eMBB UL-SCH can be simultaneously transmitted on CC #1 and CC #2, while whether the eMBB HARQ-ACK is multiplexed on URLLC PUCCH or on eMBB PUSCH is not clear. Other cases, e.g., collision between two PUSCHs with different priorities and two PUCCHs for HARQ-ACK with different priorities should be also studied. Therefore, configuration of simultaneous PUCCH/PUSCH transmission of different priorities over different cells should be taken into account when determining the order of prioritization or multiplexing for collision cases involving PUSCH and PUCCH with different priorities.  
Proposal 7: Further study the order of prioritization or multiplexing for collision cases involving PUSCH and PUCCH with different priorities when simultaneous PUCCH/PUSCH transmission of different priorities over different cells is configured. 
 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
From the discussion, we have the following observations and proposals.
Observation 1: If the resource used for transmitting multiplexed HARQ-ACK feedback spans multiple sub-slots, there is a risk of losing a high priority HARQ-ACK due to collision of multiplexed transmission with another high priority PUCCH transmission in a later sub-slot.
Observation 2: The straightforward method for multiplexing two Type-1 HARQ-ACK codebooks on a PUCCH by constructing two Type-1 HARQ-ACK codebooks separately as Rel-16 and pasting them together as a multiplexed HARQ-ACK codebook may lead to unnecessary redundancy.
Proposal 1: HARQ-ACK feedback multiplexing between different PUCCH resources not confined within a sub-slot is supported only if the latency requirements and timeline conditions are satisfied and the resulted PUCCH resource does not collide with a URLLC PUCCH resource in the second sub-slot. 
Proposal 2: Multiplexed feedback consists of original codebook for one service followed by one bit representing the result of bundling the other codebook’s bits. Content of the two codebooks determine which codebook’s bits are bundled.
Proposal 3: Support transmitting 1-bit indicator with multiplexed HARQ-ACK feedback as proposed in proposal 1 to explicitly indicate which codebook is bundled. 
Proposal 4: Support dynamic enabling/disabling of intra-UE HARQ-ACK multiplexing to ensure URLCC performance requirements. 
Proposal 5:  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 pastes the two HARQ-ACK codebooks together as a multiplexed HARQ-ACK codebook. 
Proposal 6: 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 7: Further study the order of prioritization or multiplexing for collision cases involving PUSCH and PUCCH with different priorities when simultaneous PUCCH/PUSCH transmission of different priorities over different cells is configured. 
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