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1. Introduction
[bookmark: OLE_LINK33]In the RAN1 #105-e meeting, the potential enhancements for intra-UE multiplexing between different priorities and simultaneously PUCCH/PUSCH transmission were discussed, and the following agreements were reached [1]. 
	Agreement:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is more than 2, 
· For HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), support separate coding. Down-select from the two options:
· Option 1: Reuse R15 TS 38.212 Clause 5.3.3.1 for 1-bit. Reuse R15 TS 38.212 Clause 5.3.3.2 for 2-bit.
· Option 2: Reuse R15 TS 38.212 Clause 5.3.3.3, i.e., padding to 3 bits and using RM coding.
· For HP HARQ-ACK or LP HARQ-ACK >2 bit(s), HP HARQ-ACK and LP HARQ-ACK are separately encoded according to R15 TS 38.212 Clause 5.3.3.3 or Clause 5.3.1.
· FFS rate matching equation and RE mapping rules for PF2/3/4. Rel-15 is baseline if available.
 Agreement:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is 2, treat the two bits as HARQ-ACK bits with High priority.
           Rel-15 design (for PF0 and PF1) is baseline.
           Note: QC has strong concern on above scheme. The scheme cannot provide unequal error protection between the HP bit and LP bit hence could suffer from performance degradation for the HP bit. QC accept the scheme for the sake of progress in RAN 1 with the concern on the performance reserved.


In this contribution, we further discuss the potential remaining issues and provide our views.
2. Multiplexing UCIs of different priorities in a PUCCH
2.1 Coding, rate matching, RE mapping and power control
1. 
2. 
2.1. 
2.1.1. Total number of LP and HP HARQ-ACK bits > 2
In RAN1#105-e meeting, for the case that the total number of LP and HP HARQ-ACK bits >2 when the two UCIs with different priorities are transmitted in a same PUCCH resource, the agreement is:

	Agreement:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is more than 2, 
· For HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), support separate coding. Down-select from the two options:
· Option 1: Reuse R15 TS 38.212 Clause 5.3.3.1 for 1-bit. Reuse R15 TS 38.212 Clause 5.3.3.2 for 2-bit.
· Option 2: Reuse R15 TS 38.212 Clause 5.3.3.3, i.e., padding to 3 bits and using RM coding.
· For HP HARQ-ACK or LP HARQ-ACK >2 bit(s), HP HARQ-ACK and LP HARQ-ACK are separately encoded according to R15 TS 38.212 Clause 5.3.3.3 or Clause 5.3.1.
· FFS rate matching equation and RE mapping rules for PF2/3/4. Rel-15 is baseline if available.


The remaining FFS issues about this case are still pending to be determined.
For the details of coding in case of HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), there are two Rel-15 coding options in FFS to be down selected. 
The padding method, i.e., option 2, has worse performance than simple repetition, i.e., option 1, we have provided the simulation results to prove the judgement in our last meeting contribution [2]. Also, un-equal protection for the 2bits of option 2 is also observed in simulation. It is harmful for the HARQ information bits.
Proposal 1: For HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), support separate coding and reuse R15 TS 38.212 Clause 5.3.3.1 for 1-bit, reuse R15 TS 38.212 Clause 5.3.3.2 for 2-bit.

For other payload size, i.e., larger than 2, the existing coding schemes defined in current specification should be reused to minimize the standard efforts. That is, if the payload size of a LP or HP HARQ-ACK is more than 2 but less than 12, RM code is performed, otherwise, Polar code is applied.
Proposal 2: When the two UCIs with different priorities will be multiplexed on a PUCCH format 2/3/4 by separate coding, for a certain priority UCI, 
· If the payload size is more than 2 but less than 12, RM code is performed.
· If the payload is more than 11 bits, Polar coding is performed. 

As the principle of separate coding is adopted and the number of supported coding chains in Rel-17 should not exceed that in Rel-15/16, a working assumption in RAN1#104b-e is achieved as: 
	· (working assumption) Drop CSI (including part 1 and part2, if exist) if CSI would multiplex on a PUCCH which has HP A/N.
· FFS Strive to let HP A/N reuse the encoder, rate matching equation, and RE mapping rules in Rel-15 for A/N+CSI-1.
· FFS Strive to let LP A/N reuse the encoder, rate matching equation, and mapping rules in Rel-15 for CSI-2.



In this meeting, we propose to confirm the working assumption as: Drop LP CSI (including part 1 and part2, if exist) if the CSI would multiplex on the PUCCH. And further confirm the FFS issues of:
· Let HP A/N reuse the encoder, rate matching equation, and RE mapping rules in Rel-15 for A/N+CSI-1.
· Let LP A/N reuse the encoder, rate matching equation, and mapping rules in Rel-15 for CSI-2.
Proposal 3: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is more than 2, confirm the RAN1#104b-e meeting working assumption as: 
· Drop LP CSI (including part 1 and part2, if exist) if the CSI would multiplex on the PUCCH.

Proposal 4: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is more than 2,
· Let HP A/N reuse the encoder, rate matching equation, and RE mapping rules in Rel-15 for A/N+CSI-1.
· Let LP A/N reuse the encoder, rate matching equation, and mapping rules in Rel-15 for CSI-2.

Rel-15 can be the baseline for rate matching and RE mapping rules for PF3/4.
But the question is PUCCH Format 2 doesn’t support CSI part 2 and only one coding chain is provided in Rel-15/16, then anyway, if separate coding for HP HARQ-ACK and LP HARQ-ACK is supported, two coding chains are needed. Also there is no legacy rate matching and RE mapping rules to be reused for this scenario, then the scheme of rate matching and RE mapping for PF2 should be further investigated.
As the two coding chains are defined for HP HARQ-ACK and LP HARQ-ACK multiplexing in PUCCH in Rel-17, an easy way to extend the scheme of rate matching and RE mapping rules for PUCCH format 2 is mapping the coded bits of HP HARQ-ACK and LP HARQ-ACK continuously in the time-frequency resources, for example, mapping the coded bits of HP HARQ-ACK firstly and mapping the coded bits of LP HARQ-ACK secondly.
[image: ]
Figure 1 RE mapping of multiplexed HP HARQ-ACK and LP HARQ-ACK in PF2
Proposal 5: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is more than 2,
· Rel-15 can be the baseline for rate matching and RE mapping rules for PF3/4.
· Coded bits of HP HARQ-ACK and LP HARQ-ACK are continuously mapped in the time-frequency resources for PF2.

2.1.2. Total number of LP and HP HARQ-ACK bits is 2
For the case of total number of LP and HP HARQ-ACK bits is 2, the agreement in RAN1#105-e meeting is:
	Agreement:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is 2, treat the two bits as HARQ-ACK bits with High priority.
           Rel-15 design (for PF0 and PF1) is baseline.
           Note: QC has strong concern on above scheme. The scheme cannot provide unequal error protection between the HP bit and LP bit hence could suffer from performance degradation for the HP bit. QC accept the scheme for the sake of progress in RAN 1 with the concern on the performance reserved.



The controversial issue is on the principle for reusing the legacy design, which one should be selected, more specific, e.g. reuse R15 design with power boost, or reuse R15 design without power boost for the two bits.

For reusing R15 design, as the two bits of HARQ-ACK is treated as HP priority, the transmission power will be guaranteed for the HP UCI as usual, then additional power boosting is not necessary.
Proposal 6: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is 2, R15 design is reused without power boosting.

2.1.3. Maximum coding rate
In the email discussion of RAN1#105-e meeting, the last round proposal for maximum coding rate when a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK multiplex into a PUCCH in R17 is proposed as:
	For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, down-select from the two options:
           Option 1: maxCodeRate can be separately configured for HP and LP HARQ-ACK in a PUCCH-Config if multiplexed in a PUCCH PF3/4 in R17.
           FFS for PF2.
           Option 2: A single maxCodeRate is configured per PF per PUCCH configuration.
           FFS details, e.g., whether to reuse maxCodeRate configuration in Rel-16.



For option 1, our interpretation is there are at most four separate maxCodeRates are configured for R16 and R17, two for the legacy R16 HP and LP UCIs, and the other two are for the R17 HP and LP UCIs. The two maxCodeRates for multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK are separately configured in the second PUCCH-config in R17.
For option 2, there are two possible interpretations. 
Interpretation 1: A single maxCodeRate is configured (per PF per PUCCH configuration) per each of the case of LP+HP multiplexing and the case of same priority multiplexing. The single maxCodeRate for LP+HP multiplexing is different with that of LP only or HP only cases in Rel-16. It means there are total 3 maxCodeRate configurations for Rel-16 and Rel-17.
Interpretation 2: The maxCodeRate configuration in Rel-16 is reused for the multiplexing of a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK. It means the maxCodeRate for LP only case in Rel-16 is also for the LP HARQ in multiplexing case, and the maxCodeRate for HP only case in Rel-16 is also for the HP HARQ in multiplexing case. No need to configure the new maxCodeRate in addition to Rel-16.
The interpretation 2 in option 2 is preferred, as the benefit is not clear for the new maxCodeRate configuration in addition to Rel-16.
Proposal 7: The maxCodeRate configuration in Rel-16 is reused for multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in Rel-17.

2.2 Multiplexing enable/disable mechanism
[bookmark: OLE_LINK35]In RAN1#104b-e meeting, all companies agreed to adopt RRC-based enabling/disabling as baseline. The remaining issue is whether to adopt the scheme on RRC+DCI-based enabling/disabling. 
An important principle for intra-UE multiplexing UCI with different priorities is that the latency and reliability of high priority transmission should not be affected. Even if the multiplexing timelines are met, whether the UE actually multiplexes or prioritizes the transmission of PUCCH/PUSCH with high priority should be determined and configured by the network. The principle of determination should satisfy the requirement of latency and reliability and avoid the bad multiplexing scenarios, e.g., insufficient PUCCH resources. Therefore, it is necessary to indicate whether a high priority channel can be multiplexed with a low priority channel by dynamic scheduling DCI. If the multiplexing indicator is disabled, the UE will prioritize the transmission(s) of PUCCH/PUSCH with high priority as Rel-16. Otherwise, the UE will use the enhanced Rel-17 methods for multiplexing.
Proposal 8: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, support DCI+RRC configuration for gNB to enable/disable the multiplexing when DCI is applied.
· For SPS HARQ-ACK, the enable/disable scheme falls back to RRC configuration.
Another issue is where the multiplexing indicator should be carried on. It is unnecessary to configure the multiplexing indicator in DCI field or RRC parameter for both high priority transmission and low priority transmission. Moreover, in order to decrease the possibility of multiplexing indicator missing, the multiplexing indicator should be carried on the DCI and RRC parameter for the high priority transmission, which is more reliable than the low priority one.
Proposal 9: The indicator of intra-UE multiplexing UCI with different priorities should be carried on the scheduling DCI or RRC parameter for the high priority transmission.

2.3 PUCCH resource determination and mapping for multiplexing between HARQ-ACKs with different priorities
In RAN1#105-e meeting, some issues about PUCCH resource determination and mapping for multiplexing are discussed, but no agreement has been achieved.
Some potential proposals from feature lead are showed as below:
	Proposal for 3rd round discussion:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, down-select from the two options in case the total number of LP and HP HARQ-ACK bits is 2:
· Option 1: Use a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK).
· Option 2: Use the PUCCH resource with more OFDM symbols between the original two PUCCH resources for the HP HARQ-ACK and LP HARQ-ACK. The power control parameters are reused from the PUCCH resource of HP HARQ-ACK.
Proposal for 3rd round discussion:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, down-select from the options on how to determine UCI payload size for PUCCH resource determination:
· Option 1: UCI payload size = the number of HP UCI bits + the number of LP UCI bits
· Option 2: UCI payload size = the number of HP UCI bits + the number of LP UCI bits * scaling factor. 
· FFS: The scaling factor can be a function of code rate for HP UCI and LP UCI.
· FFS: the number of LP UCI bits should be the actual number of LP UCI bits that UE generates based on DCI or RRC configuration or a reference number of LP UCI bits
Proposal for 3rd round discussion:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, further study the problem of ambiguity on LP HARQ-ACK existence or LP HARQ-ACK type-2 codebook size due to DCI mis-detection and the candidate options:
· Option 1: Configure a dedicated PUCCH resource for HP+LP in the second PUCCH-Config
· Option 2: PRI+x in the HP DCI is used to implicitly determine an extended PUCCH resource
· Option 3a: The LP type 2 codebook size is quantized/rounded up to a nearest reference size. FFS reference size granularity.
· Option 3b: Configuration of semi-static size reservation for LP HARQ-ACK payload is provided by RRC. LP HARQ-ACK semi-static size reservation is used instead of determined LP HARQ-ACK codebook size when selecting the PUCCH resource set.
· Option 4: Additional DCI field in DCI corresponding HP HARQ-ACK or HP PUSCH for determining the number of LP HARQ-ACK bits multiplexed on PUCCH/PUSCH.
· Option 5: Provide indication on at least the number of RBs and/or PUCCH resource set index to be used in the PUCCH transmission, where the indication is included in the high-priority DL assignment.
· Other solutions are not precluded.
· FFS ambiguity cases.
· FFS whether the issue needs to be considered for Type-1 HARQ-ACK codebook.



In case the total number of LP and HP HARQ-ACK bits is no more than 2, the same agreement as that for total number of LP and HP HARQ-ACK bits is more than 2 should be adopted, i.e., using a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK). It is not reasonable to use the PUCCH resource with more OFDM symbols. More OFDM symbols may complicate the UCI multiplexing e.g. a HP HARQ-ACK may be multiplexed in a LP PUCCH which goes across sub-slot boundary for HP HARQ-ACK results in further multiplexing with HP HARQ-ACK in another sub-slot.
Proposal 10: 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) in case the total number of LP and HP HARQ-ACK bits is 2.

For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, the UCI payload size for PUCCH resource determination should equals to the number of HP UCI bits + the number of LP UCI bits. Directly using the number of HP UCI bits + LP UCI bits to determine the PUCCH resource set selection would not waste resources, as after the encoding procedure according to the real coding rate for HP UCI and LP UCI, the unused PUCCH resources will be automatically released for other UE’s usage. No need to over-optimize the payload size by a scaling factor as option 2 proposed. In addition, mentioned in option 2, the scaling factor can be a function of code rate for HP UCI and LP UCI. But How to determine the code rate and PUCCH resource set is a chicken-and-egg issue. According to current spec, code rate is related to the PUCCH format according to the determined PUCCH resource. Before PUCCH resource and PUCCH resource set is determined, code rate is not known by UE, then how to determine the scaling factor according to code rate if the scaling factor will affect the PUCCH resource set selection? 
Proposal 11: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, UCI payload size for PUCCH resource determination is determined as the total number of HP UCI bits + LP UCI bits

For the problem of ambiguity on LP HARQ-ACK existence or LP HARQ-ACK type-2 codebook size due to DCI miss-detection, which kind of ambiguity would happen should be identified first.
For the ambiguity due to LP HARQ-ACK non-existence, in case the total number of LP and HP HARQ-ACK bits is more than 2, PUCCH format 2, 3, or 4 is used. If the DCI corresponding to LP HARQ-ACK is missing, the gNB can blindly decode the PUCCH based on the hypothesis of different payload size under the condition that whether the LP HARQ-ACK is multiplexed with HP HARQ-ACK or not. gNB will correctly obtain the HP UCI without ambiguity and retransmit the PDSCH with low priority as the corresponding DCI is missing.
But in the case that the total number of UCI bits is no more than 2 bits and for LP HARQ-ACK and HP HARQ-ACK are multiplexing on PUCCH format 0, there is ambiguity for gNB on determining whether the LP HARQ-ACK is multiplexed with HP HARQ-ACK or not. If the DCI corresponding to LP HARQ-ACK is missing detection, the single HP HARQ-ACK and the multiplexed HARQ-ACKs would map to the same mcs, which will cause misunderstanding about the detection of LP transmission at gNB side. For example, in figure 2, according to the current specification in section 9.2.3 in TS38.213, for PUCCH format 0, if the DCI corresponding to LP PUCCH is missing detection, UE will transmit only 1 bit HP UCI with mcs =0 for NACK or 6 for ACK. While at gNB side, the gNB will assume 2 bits UCI reception and consider the result as {HP=NACK, LP=NACK} or {HP=ACK, LP=ACK}. Obviously when mcs =6 (in case the HP transmission is correctly decoded), the gNB will assume the LP transmission is also correctly detected by UE but it fails at UE side in fact. Hypothesis detection based on payload size doesn’t work well for this case. 
[image: ]
Figure 2 ambiguity for gNB on determining whether the LP HARQ-ACK is multiplexed with HP HARQ-ACK or not in the case that the total number of UCI bits is no more than 2 bits
To solve this ambiguity problem, two possible solutions are studied. 1) Different initial sequences can be configured for multiplexed UCIs and single HP UCI respectively, or 2) The extended PUCCH resource can be configured for the multiplexed UCIs. Different initial sequences design will need more specification effort and more sequences resources. Simply extending the PUCCH time-frequency resource for multiplexed HP/LP HARQ-ACK will cost much resource overhead. A better approach should be strive to reuse the current PUCCH resources and less specification effort.
The extended PUCCH resource for multiplexed UCIs can be implicitly indicated to UE. For example, in figure 3, the PRI in the HP DCI indicates the PUCCH resource from the PUCCH set in the PUCCH-config with high priority for HP UCI only if no LP UCI needs to be multiplexed. And the PUCCH resource corresponding to PRI+x is defined as the extended PUCCH resource from the same PUCCH set in the PUCCH-config with high priority for multiplexed UCIs, the x can be predefined, e.g., x=1. Obviously, the extended PUCCH resource is still the PUCCH resource in the same PUCCH set in the PUCCH-Config with high priority and be well consistent with the previous agreement. The number of bits for PRI field doesn’t need to increase.
The example solution of PRI+x doesn’t need new defined dedicated PUCCH resource. That is the reason why x cannot be absorbed in PRI. On the other hand, this scheme avoids the additional overhead of PUCCH resource.
We prefer the extended PUCCH resource for multiplexed UCIs can be implicitly indicated to UE in second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK) as the minor specification impact.
[image: ]
Figure 3 Example of PRI+x solution for the extended PUCCH resource for multiplexed UCIs

Proposal 12: For the case that the total number of bits is no more than 2 bits, the PRI+x in the HP DCI is used to implicitly determine an extended PUCCH resource from the same PUCCH set in the PUCCH-config with high priority for the multiplexed UCI.
-  x is predefined, e.g., x=1.

The option 3/4/5 in the FL’s proposals aim to solve the ambiguity on LP HARQ-ACK type-2 codebook size due to DCI miss-detection. But actually the issue of misalignment size of type 2 codebook is not so sever. The worst case is the missing of last LP DCI, due to the HP UCI and LP UCI are separately coded and separately mapping in PUCCH, in case that the total number of bits is more than 2 bits, gNB could blind decode the PUCCH based on the hypothesis of different payload size under the condition that whether the LP HARQ-ACK is multiplexed with HP HARQ-ACK or not. HP HAQR-ACK is always guaranteed to be received, and LP HARQ-ACK could be dropped as usual. 
Even if the size ambiguity in this case should be solved, the option 3/4/5 sound not so good.
Option 3a/3b fix the LP HARQ-ACK payload size to a reference size or a reserved size. The problem is if the reference or reserved size is less than the actual size, anyhow some PDSCHs need retransmissions.
Option 4 increases the overhead of DCI, it seems like to indicate the T_DAI twice. Except the original T_DAI for LP transmission is carried in LP DCI, the similar indication for LP transmission is also carried in HP DCI.
Same as option4, option 5 also increases the overhead of DCI and is less efficient to over-optimize a low probability of DCI missing event.

2.4 Multiplexing HARQ-ACK and SR with different priorities
2.2. 
2.3. 
2.4. 
2.4.1. PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0
In RAN1#105-e meeting, the first round proposal on the candidate options is: 
	When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, down-select the following options:
· Opt.1b: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource. For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.
· Opt.2c: If SR is positive, SR is multiplexed on HARQ-ACK resource in the same way as Rel-15. If SR is negative, transmit only HARQ-ACK on HARQ-ACK resource.
· Opt.3: No enhancement over Rel-16.
· FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?


Further discussion could be based on option 1b, option 2c and option 3.
To satisfy the latency and reliability of HP SR, when a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, the multiplexed UCI should consider to transmit on the PUCCH resource with higher priority, especially for the positive SR. The option 1b is preferred. 
If a UE would transmit positive SR in a resource using PUCCH format 0 and at most two HARQ-ACK information bits in a resource using PUCCH format 0 in a slot, the UE transmits the PUCCH in the resource using PUCCH format 0 in PRB(s) for SR. The same way as Table 9.2.3-3 (i.e.[image: ]=0, 6) and Table 9.2.3-4 (i.e.[image: ]=0, 3, 6, 9) in TS 38.213[3] can be reused for the UE to determine a value of [image: ] and [image: ](based on HARQ-ACK) for computing a value of cyclic shift[image: ]. 
Otherwise, the UE transmits only the PUCCH with HARQ-ACK information bits in a resource using PUCCH format 0 when negative SR.
If option 1b is adopted, the HP SR and LP SR are multiplexed into different PUCCH resources, and it is easy to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK. 
If option 2c is adopted, it is hard to differentiate HP SR and LP SR if the multiplexing way as Rel-15 is reused, and more specification effort is needed. 
There are more issues about option 2c. According to option 2c, whatever SR is, the resources for HARQ will be used to multiplex SR. When SR is positive, the cyclic shift set is {1, 4, 7, 10}, when SR is negative, the cyclic shift set is {0, 3, 6, 9}. The distance between the cyclic shifts is only 1, it is too small, and gNB is difficult to distinguish the SR positive or negative. In addition, if the DCI for HARQ is missing, UE doesn’t get the resources for HARQ, and SR will not be transmitted as demand on resources for HARQ.
For these reasons, Option 1b is more feasible than option 2c.

2.4.2. PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1
In RAN1#105-e meeting, the first round proposal on the candidate options is: 
	When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, down-select the following options:
· Opt.1b: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource. For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.
· Opt.4: For positive SR, transmit SR on the SR resource and drop HARQ-ACK. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource (i.e. No enhancement over Rel-16).
· FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?



The basic principle is the same as above section. Option 1b is our preference. To be more specific, the multiplexing way reuses Rel-15. If a UE would transmit positive SR in a resource using PUCCH format 0 and at most two HARQ-ACK information bits are multiplexed, the UE transmits the PUCCH in the resource using PUCCH format 0 in PRB(s) for SR. The same way as Table 9.2.3-3 (i.e.[image: ]=0, 6) and Table 9.2.3-4 (i.e.[image: ]=0, 3, 6, 9) in TS 38.213[3] can be reused for the UE to determine a value of [image: ] and [image: ](based on HARQ-ACK) for computing a value of cyclic shift[image: ].
Option 4 is not a good alternative as no enhancement over Rel-16.

2.4.3. PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0
In RAN1#105-e meeting, the first round proposal on candidate options is:
	When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, down-select the following options:
· Opt.2c: If SR is positive, SR is multiplexed on HARQ-ACK resource in the same way as Rel-15. If SR is negative, transmit only HARQ-ACK on HARQ-ACK resource.
· Opt.3: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
· Opt.4: No enhancement over Rel-16.
· FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?



Option 3 is slightly preferred than option 2c. Option 4 is not acceptable as no enhancement.
If a UE would transmit positive SR in a resource using PUCCH format 1 and HARQ-ACK information bits in a resource using PUCCH format 0 in a slot, the UE transmits the PUCCH in the resource using PUCCH format 1 in PRB(s) for SR. The value of cyclic shift of sequence, i.e.,[image: ], of this PUCCH format 1 is determined by HARQ-ACK, and the bit, i.e., b(0), of this PUCCH format 1 is determined by SR. For example, if HARQ-ACK value is 0, the UE transmits the PUCCH by setting b(0) = 0 and [image: ]= 0. If HARQ-ACK value is 1, the UE transmits the PUCCH by setting b(0) = 0 and [image: ]= 6.
Else, the UE transmits only the PUCCH with HARQ-ACK information bits in a resource using PUCCH format 0 and drops the PUCCH with negative SR.
For the issue of how to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK, if option 3 is adopted, the HP SR and LP SR are multiplexed into different PUCCH resources, and it is easy to differentiate HP SR and LP SR.

2.4.4. PUCCH carrying HP SR with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF2/3/4
If a UE would transmit positive SR in a resource using PUCCH format 0/1 and HARQ-ACK information bits in a resource using PUCCH format 2/3/4, the UE reuses Rel-15 rules for multiplexing.
Else, the UE transmits only the PUCCH with HARQ-ACK information and drops the PUCCH with negative SR.
The only difference with the principle of Rel-15 multiplexing is the dropping of SR if SR is negative.

2.4.5. PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF1
If a UE would transmit SR in a resource using PUCCH format 1 and HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, the UE reuses Rel-15 rules for multiplexing.
Proposal 13: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource. The principle is applied at least for three cases:
· PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0
· PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1
· PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0
Proposal 14: Adopt the following rules to multiplex high priority SR and low priority HARQ-ACK.
	HARQ-ACK

SR
	PUCCH format 0
	PUCCH format 1
	PUCCH format 2/3/4

	PUCCH format 0
	For positive SR, the UE transmits the PUCCH in the resource using PUCCH format 0 in PRB(s) for SR. The same way in Rel-15 can be reused for the UE to determine the value of [image: ] and [image: ] for computing the value of cyclic shift [image: ].
For negative SR, the UE transmits only a PUCCH with HARQ-ACK information.
	For positive SR, the UE Reuse Rel-15 rules.
For negative SR, the UE transmits only a PUCCH with HARQ-ACK information and drops the PUCCH with negative SR.

	PUCCH format 1
	For positive SR, the UE transmits the PUCCH in the resource using PUCCH format 1 in PRB(s) for SR. The value of cyclic shift of sequence, i.e., [image: ], of this PUCCH format 1 is determined by HARQ-ACK, and the bit, i.e., b(0), of this PUCCH format 1 is determined by SR
For negative SR, the UE transmits only a PUCCH with HARQ-ACK information and drops the PUCCH with negative SR.
	Reuse Rel-15 rules.
	



2.5 Multiplexing in case a PUCCH overlaps with more than one PUCCH
In RAN1 #104-e meeting [4], the case that a PUCCH overlaps with more than one PUCCHs containing slot based resources or sub-slot based resources is discussed, there are some problems mentioned to be further studied, for example:
· Determination of the PUCCH time unit for handling the PUCCH collision case when different PUCCH time units of different priorities are configured, when a LP HARQ-ACK PUCCH overlaps with more than one HP sub-slot
· How to handle the cases when a LP HARQ-ACK PUCCH overlaps with multiple HP SR PUCCHs.
· When a LP HARQ-ACK overlaps with HP HARQ-ACK PUCCH and HP SR PUCCH simultaneously, how to handle the case if the LP HARQ-ACK can be multiplexed with HP HARQ-ACK but the LP HARQ-ACK cannot be multiplexed with HP SR.
In RAN1 #105-e meeting, the issue of multiplexing in case a PUCCH overlaps with more than on PUCCH is discussed under general framework for intra-UE multiplexing topic, and the last round proposals from feature leader are:
	Proposal for 3rd round discussion:
For handling the scenarios with more than two overlapping PUCCHs of different priorities, consider the following options:
· Option 1: Use R15 multiplexing as baseline, i.e. a single checking/multiplexing step among all channels.
· Option 2: Allow a single checking/multiplexing step between channels of different priorities after multiplexing (if any) between overlapping channels of the same priority is already done. 
· Other options are not excluded.
· Note: the candidate cases should be identified first.
Proposal for 3rd round discussion:
For handling the scenarios where a PUCCH of a given priority crosses the sub-slot boundary of the PUCCH config of another priority and overlaps with a PUCCH of another priority, adopt the following procedure:
· The time unit of high priority PUCCH is used as the time unit for multiplexing of low-priority PUCCH and high-priority PUCCH. (assuming the time unit of HP PUCCH is equal to or smaller than that of LP PUCCH.)
· FFS: How to determine an associated HP PUCCH time unit for the LP HARQ-ACK PUCCH if the LP HARQ-ACK PUCCH overlaps with multiple HP PUCCH time units. Options under consideration include:
· Option 1: The low priority PUCCH performs multiplexing or dropping procedure in the first overlapping time unit that contains high priority PUCCH.



For single checking issue, option 2 in the proposal is preferred, as the first step on the multiplexing between the same priority channels in the procedure is the same as the first step of prioritize process between different priorities channels. Just the second step of prioritizing is replaced by multiplexing. Actually, there are unsolved error case for both of the options, option 2 can keep the commonality of UE behavior and simplify the complementation.
Proposal 15: For handling the scenarios with more than two overlapping PUCCHs of different priorities, allow a single checking/multiplexing step between channels of different priorities after multiplexing (if any) between overlapping channels of the same priority is already done.

For the issue of the PUCCH time unit for handling the PUCCH collision case when different PUCCH time units of different priorities are configured, when a LP HARQ-ACK PUCCH overlaps with more than one HP sub-slot, the main bullet of proposal is fine and can be the starting point for further study, but the option 1 for the FFS bullet should have an additional restriction on timeline requirement. The additional restriction could be added as below with RED:
	For handling the scenarios where a PUCCH of a given priority crosses the sub-slot boundary of the PUCCH config of another priority and overlaps with a PUCCH of another priority, adopt the following procedure:
· The time unit of high priority PUCCH is used as the time unit for multiplexing of low-priority PUCCH and high-priority PUCCH. (assuming the time unit of HP PUCCH is equal to or smaller than that of LP PUCCH.)
· FFS: How to determine an associated HP PUCCH time unit for the LP HARQ-ACK PUCCH if the LP HARQ-ACK PUCCH overlaps with multiple HP PUCCH time units. Options under consideration include:
· Option 1: The low priority PUCCH performs multiplexing or dropping procedure in the first overlapping time unit that contains high priority PUCCH if overlapped low priority PUCCH and high priority PUCCH meet the multiplexing timeline.



The reason for adding this restriction is, the first overlapping time unit may not satisfy the multiplexing timeline requirement. For example, in figure 4, if the UE capabilities are not same for high and low priority transmissions, and N2 for high and low priority transmission are different, it is possible the N2 of low priority transmission is larger than the N2 of high priority transmission. Although LP transmission overlaps with the first time unit containing the HP transmission, but the multiplexing timeline of LP transmission is later than the first HP time unit and the timeline is only satisfied in the second HP time unit.
[image: ]
Figure 4 illusion of timeline for handling the PUCCH collision case when different PUCCH time units of different priorities are configured
Proposal 16: To determine an associated HP PUCCH time unit for the LP HARQ-ACK PUCCH if the LP HARQ-ACK PUCCH overlaps with multiple HP PUCCH time units, the low priority PUCCH performs multiplexing or dropping procedure in the first overlapping time unit that contains high priority PUCCH if overlapped low priority PUCCH and high priority PUCCH meet the multiplexing timeline.

3. Multiplexing UCIs of different priorities in a PUSCH
3.1 Coding, rate matching and RE mapping
Some general common senses about coding, rate matching and RE mapping are achieved in previous meetings:
· Supporting separate coding;
· Reusing the legacy coding scheme, rate matching and RE mapping as much as possible;
· The numbers of coding chain should not exceed the legacy UE capability.
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, the main issues to be solved are:
· The coding scheme, rate matching and RE mapping of HP HARQ-ACK, LP HARQ-ACK and HP/LP CSI part 1/2;
· Which one among HP HARQ-ACK, LP HARQ-ACK and HP/LP CSI part 1/2 should be dropped if the maximum coding chain including for UL-SCH is four?
· What is the difference of solutions for above questions if PUSCH is not conveying UL-SCH?
The HP HARQ-ACK should be prioritized, and in any case, HP HARQ-ACK will be multiplexed into PUSCH. The coding scheme, rate matching and RE mapping of HP HARQ-ACK can reuse the mechanism of HARQ-ACK multiplexed in PUSCH in Rel-15.
Proposal 17: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, the coding scheme, rate matching and RE mapping of HP HARQ-ACK reuse the mechanism of HARQ-ACK multiplexed in PUSCH in Rel-15.

If CSI parts are absent, LP HARQ-ACK anyway can be multiplexed into PUSCH, and the mechanism of coding, rate matching and RE mapping is similar to Rel-15 CSI-part 1.
Proposal 18: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK and LP HARQ-ACK would be transmitted on HP/LP PUSCH without CSI, the coding scheme, rate matching and RE mapping of LP HARQ-ACK reuse the mechanism of CSI-part 1 in Rel-15.

For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and two-part LP CSI would be transmitted on LP PUSCH conveying UL-SCH, The CSI part 2 should be dropped firstly. LP HARQ-ACK is coded separately from HP HARQ-ACK and CSI part 1. Mechanism of coding, rate matching and RE mapping of LP HARQ-ACK and LP CSI part 1 will respectively follow the rules of Rel-15 CSI-part 1 and Rel-15 CSI-part 2. If the leftover resources for LP HARQ-ACK and LP CSI part 1 is not sufficient, LP HARQ-ACK has higher priority than LP CSI part 1, and LP CSI part 1 may be partially dropped or compressed, the schemes of UCI partially dropping and compressing are discussed in section 3.3.
Proposal 19: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and LP CSI consisting of two parts would be transmitted on LP PUSCH conveying UL-SCH, 
· The LP CSI part 2 is dropped firstly. 
· LP HARQ-ACK is coded separately from HP HARQ-ACK and CSI part 1.
· The coding scheme, rate matching and RE mapping of LP HARQ-ACK and LP CSI part 1 will respectively follow the rules of Rel-15 CSI-part 1 and Rel-15 CSI-part 2.
· If the leftover resources for LP HARQ-ACK and LP CSI part 1 is not sufficient, LP HARQ-ACK has higher priority than LP CSI part 1, and LP CSI part 1 may be partially dropped or compressed.

For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK and two-part HP A-CSI would be transmitted on HP PUSCH conveying UL-SCH, there are two alternatives for the first dropping:
· Alt1: Dropping LP HARQ-ACK, it is natural as the lower priority of LP HARQ-ACK;
· Alt2: Dropping HP A-CSI part 2, as A-CSI part 2 is a supplementary channel state report, the cancellation of A-CSI part 2 would not severely affect the performance.
Alt2 (i.e., dropping HP A-CSI part 2) is slightly preferred.
Proposal 20: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and HP CSI consisting of two parts would be transmitted on HP PUSCH conveying UL-SCH, 
· Dropping HP A-CSI part 2.
· The coding scheme, rate matching and RE mapping of LP HARQ-ACK and HP CSI part 1 will respectively follow the rules of Rel-15 CSI-part 1 and Rel-15 CSI-part 2.
· If the leftover resources for LP HARQ-ACK and HP CSI part 1 is not sufficient, LP HARQ-ACK has lower priority than HP CSI part 1, and LP HARQ-ACK may be partially dropped or compressed.

As the coding chain for PUSCH is LDPC coding, the coding chain for UL-SCH could not be used for UCI, it means the UE behaviour follows the above proposals just like the UL-SCH exists.
Proposal 21: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and HP/LP CSI consisting of two parts would be transmitted on HP/LP PUSCH not conveying UL-SCH, UE follows the same behaviour as that in case of PUSCH conveying UL-SCH.

3.2 Enhancements for multiplexing parameters
3. 
3.1. 
3.2. 
3.2.1. Beta-offset and multiplexing enable/disable mechanism
According to the agreement of RAN1#104-e meeting, for multiplexing LP HARQ-ACK in a HP PUSCH, 0< beta_offset <1 should be supported, and beta_offset =0 or a value disabling the multiplexing is FFS.
On FFS issue remaining in RAN1#104b-e meeting, as some companies said, the enable/disable mechanism by setting beta_offset = 0 is not feasible.
In case HP UCI + LP PUSCH, if multiplexing is disable, LP PUSCH will be dropped, this is the expected behaviour. But if the indication is based on beta_offset = 0, UE will drop the HP UCI and transmit the LP PUSCH, this is unreasonable.
From the aspect of signaling to enable or disable multiplexing, the same mechanism of intra-UE multiplexing UCI on PUCCH should be applied to intra-UE multiplexing UCI with data. Moreover, the indication on multiplexing enable/disable should exist in the scheduling DCI or RRC parameter for the high priority transmission, but not implicitly be set by beta_offset=0 or other values.
Proposal 22: The beta_offset should not be used to disable the intra-UE multiplexing UCI with data.
Proposal 23: The indicator of intra-UE multiplexing UCI with data exists in the scheduling DCI or RRC parameter for the high priority transmission. 

The legacy beta_offset value indication has two indication modes including either dynamic indication or semi-static indication, the related part in specification is cited as below:

	UCI-OnPUSCH ::=                         SEQUENCE {
    betaOffsets                             CHOICE {
        dynamic                             SEQUENCE (SIZE (4)) OF BetaOffsets,
        semiStatic                          BetaOffsets
    }                                                        OPTIONAL, -- Need M
UCI-OnPUSCH-DCI-0-2-r16 ::=             SEQUENCE {
    betaOffsetsDCI-0-2-r16                  CHOICE {
        dynamicDCI-0-2-r16                      CHOICE {
            oneBit-r16                              SEQUENCE (SIZE (2)) OF BetaOffsets,
            twoBits-r16                             SEQUENCE (SIZE (4)) OF BetaOffsets
        },
        semiStaticDCI-0-2-r16          BetaOffsets
    }                                                       OPTIONAL,   -- Need M



For Rel-17 intra-UE multiplexing between channels with different priorities, for beta_offset value configurations, there are two options have been discussed for several meetings:
· Option 1: Up to 3 sets of beta offset values can be configured to the UE to indicate separate beta_offset values for the following cases:
· Multiplexing HARQ-ACK on the PUSCH with same priority
· Multiplexing LP HARQ-ACK on HP PUSCH
· Multiplexing HP HARQ-ACK on LP PUSCH
· Option 2: Up to 4 sets of beta offset values can be configured to the UE to indicate separate beta_offset values for the following cases:
· Multiplexing LP HARQ-ACK/UCI on LP PUSCH
· Multiplexing HP HARQ-ACK/UCI on HP PUSCH
· Multiplexing LP HARQ-ACK on HP PUSCH
· Multiplexing HP HARQ-ACK on LP PUSCH
The common point between the two options is that UE should select the value set from 3 or 4 different sets based on both the priority indication in UL grant for PUSCH and the priority indication in DCI for PUCCH. The problem is if the DCI for PUCCH is missing, UE will determine the wrong beta_offset value set different with the set that gNB assumed. This will cause the ambiguity between UE and gNB and make trouble for gNB detection. From our perspective, the determination of beta_offset is still needed although the DCI for PUCCH is missing, as UE is indicated by UL grant that UCI will multiplex into PUSCH.
Traditional way for UE to determine beta_offset value set is only depending on the priority indication in DCI format 0_1 and 0_2 scheduling PUSCH, no need to depend on the priority indication in DCI for HARQ. If the above ambiguity problem need to overcome, it is better to follow the traditional way of priority indication in DCI format 0_1 and 0_2 and still use two separate value sets to be configured to the UE to indicate separate beta_offset values only for the following cases just similar with Rel-17:
· Multiplexing HARQ-ACK on LP PUSCH
· Multiplexing HARQ-ACK on HP PUSCH
[bookmark: _GoBack]In each of the value set above, the values will support HARQ-ACK with different priorities to be multiplexed in PUSCH, for example, for dynamic indication, first two values are for low priority HARQ and last two values are for high priority HARQ. UE can determine the beta_offset value based on the indication of beta_offset field in DCI for scheduling PUSCH directly and no need to check the detection result of DCI for HARQ. The total framework is very similar to the legacy mechanism. 
The shortcoming of keeping 2 beta_offset value sets is the four values in each set should separately support two kinds of priority HARQ-ACK and it shrinks the flexibility for the values selection.
For semi-static indication for beta_offset value, it is a different story compared with dynamic indication. The beta_offset value is directly indicated in RRC signalling and UE anyhow will determine the value based on the priority indication of PUCCH with HARQ and the priority indication in UL grant for PUSCH. It means RRC signaling at least should indicated four values for semi-static indication for beta_offset value as below:
· beta_offset value for multiplexing LP HARQ-ACK on LP PUSCH
· beta_offset value for multiplexing HP HARQ-ACK on HP PUSCH
· beta_offset value for multiplexing LP HARQ-ACK on HP PUSCH
· beta_offset value for multiplexing HP HARQ-ACK on LP PUSCH

Then for dynamic indication, we propose to configure two sets of beta offset value for multiplexing HARQ-ACK on HP/LP PUSCH, and configure the values in each set separately for PUCCH with different priorities and reuse DCI Format 0_1/0_2 to indicate beta_offset value and the priority of PUSCH.
Proposal 24: In NR Rel-17, for dynamic indication, up to two sets of beta_offset values and the separate values in each set for PUCCH with different priorities can be configured to the UE to indicate separate beta_offset values, the two sets are similar with Rel-17:
· Multiplexing HARQ-ACK on LP PUSCH
· Multiplexing HARQ-ACK on HP PUSCH

Proposal 25：In NR Rel-17, for semi-static indication, four values of beta_offset are indicated for the below cases:
· beta_offset value for multiplexing LP HARQ-ACK on LP PUSCH
· beta_offset value for multiplexing HP HARQ-ACK on HP PUSCH
· beta_offset value for multiplexing LP HARQ-ACK on HP PUSCH
· beta_offset value for multiplexing HP HARQ-ACK on LP PUSCH

3.3 Resource mapping
When the LP UCI is multiplexed in HP PUCCH or HP PUSCH, the LP UCI may not be accommodated totally since the HP UCI or HP PUSCH should not be affected as possible and the LP UCI can only be mapped to the leftover PUCCH or PUSCH resource. In this case, the payload size for the LP UCI should be reduced until it can be carried by the remaining resource. There are two options for the payload size reduction, i.e., LP UCI is dropped partially and LP UCI compression
· Partially LP UCI dropping
This is the most straightforward way. The UE just drop some or all UCI depending on the available resource. For the dropped ACK/NACK, the network has to assume NACK and retransmit the corresponding PDSCH. This may reduce the resource efficiency since the UE may have already decode the PDSCH correctly. Anyway, it is better than the operation in Rel-16, where the LP UCI is totally dropped.
· LP UCI compression
Another solution is LP UCI compression. For example, HARQ-ACK bundling is widely used to reduce the HARQ-ACK codebook overhead in LTE and NR. After bundling, if the NACK is transmitted, the network still does not know the exact HARQ-ACK for each PDSCH. This situation is the same as the partial LP UCI dropping. However, if ACK is obtained by bundling, it means all the corresponding PDSCH is ACK and the network can get the exact feedback for each PDSCH. Since the possibility of ACK is much higher than NACK in practice, it can further avoid the unnecessary retransmission, which can further improve the resource efficiency compared to partial LP UCI dropping. Therefore, it is slightly preferred
Proposal 26: LP UCI compression is slightly preferred in case there is no enough resource left for LP UCI.

3.4 Timeline and latency requirements
[bookmark: OLE_LINK27]For the latency requirement, the HP HARQ-ACK information should be mapped to the LP PUSCH resources no later than the last symbol of PUCCH resource for HARQ-ACK which is shown in Figure 3.
[image: ]
Figure 3. High priority HARQ-ACK multiplex with low priority PUSCH
[bookmark: OLE_LINK34]Proposal 27: For the overlapping between high priority HARQ-ACK and low priority PUSCH, if the gNB allows a UE to multiplex the HARQ-ACK on PUSCH, the UE maps this HARQ-ACK to PUSCH resource elements no later than the last symbol of PUCCH resource for HARQ-ACK.

4. Simultaneous x-CC PUCCH/PUSCH transmissions for inter-band CA
The agreements about simultaneous x-CC PUCCH/PUSCH transmissions in previous meetings of RAN1#102[5] and #104 are:
	Agreements:
Support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA.
· FFS how to trigger this function.
· FFS for intra-band CA.
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



It is clear that the process of simultaneous transmissions conflict with the multiplexing/prioritizing among the channels. The applied scope of multiplexing/prioritizing and simultaneous-transmissions should be clearly defined to prevent the process collisions. And the processing order between multiplexing/prioritizing and simultaneous-transmissions should also be specified to avoid ambiguity between gNB and UE.
Based on the previous agreements, we assume the scope of simultaneous transmissions only applies to PUCCH/PUSCH transmission of different PHY priorities over different cells under inter-band CA case, if simultaneous transmissions are enabled.
It is natural to multiplex or prioritize firstly and handle the simultaneous PUCCH/PUSCH transmissions secondly as the simultaneous PUCCH/PUSCH transmissions are only supported in different cells under inter-band CA. So the proposed processing order is:
· The PUCCH/PUSCH on a same cell or on different cells under intra-band CA are multiplexed or prioritized, following the same procedure with simultaneous PUCCH/PUSCH disabled. 
· The PUCCH/PUSCH on different cells within the same PUCCH group under inter-band CA are transmitted simultaneously at least when PUCCH/PUSCH have different priorities
· FFS: whether to apply simultaneous PUCCH/PUSCH transmissions when PUCCH/PUSCH have the same priority.
Proposal 28: If simultaneous PUCCH/PUSCH over different cells is configured, the processing order between multiplexing/prioritizing and simultaneous-transmissions is proposed to be:
· The PUCCH/PUSCH on a same cell or on different cells under intra-band CA are multiplexed or prioritized, following the same procedure with simultaneous PUCCH/PUSCH disabled. 
· The PUCCH/PUSCH on different cells within the same PUCCH group under inter-band CA are transmitted simultaneously at least when PUCCH/PUSCH have different priorities
· FFS: whether to apply simultaneous PUCCH/PUSCH transmissions when PUCCH/PUSCH have the same priority.

5. Discussion on the overlapping between dynamic grant PUSCH and configured grant PUSCH
In Rel-16, the overlapping between DG PUSCH and CG PUSCH with different priorities was discussed. The potential solutions are shown below based on the latest discussion.
	Proposal from Feature Lead: 
For collision handling between high priority CG and low priority DG, down-select following options.
· Option 1: define a UE capability for collision handling between the CG and DG with different priorities in PHY layer.
· If UE supports the capability, PHY layer can make the prioritization so that the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the PUSCH transmission scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant.
· Otherwise, MAC layer should make the prioritization so that only one MAC PDU is delivered to PHY layer.
· Option 2: re-use Rel.15 timeline, MAC layer should make the prioritization so that only one MAC PDU (e.g. the one with higher priority) is delivered to PHY layer. 
· Supported by QC, Intel, LG, Apple
· Option 3: PHY layer can make the prioritization so that the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the overlapping low priority PUSCH scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant.
· Supported by Nokia, NSB, Huawei/HiSilicon, CATT, NEC, MTK, ZTE
· No PHY collision handling necessary if MAC does not generate a PDU for the CG.
· PHY does not expect MAC to generate a PDU for a later, lower-priority, CG PUSCH, which overlaps with an earlier, higher-priority, DG PUSCH.
Proposal from Feature Lead: 
For collision handling between high priority DG and low priority CG, down-select following options:
· Option 1: Define a UE capability for collision handling between the CG and DG with different priorities in PHY layer.
· If a UE supports the capability, the UE is expected to cancel the overlapping low priority CG by the first overlapping symbol at the latest. Further, a UE expects that the first [overlapping] symbol of the high priority DG is not earlier than Tproc,2+d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority DG. 
· Otherwise, the UE can only cancel the entire PUSCH transmission corresponding to the configured grant starting in a symbol 𝑗, if the end of symbol 𝑖 for PDCCH scheduling the PUSCH is at least 𝑁2 symbols before the beginning of symbol 𝑗. 
· Option 2: Rel.15 timeline is reused to support cancellation of the low priority CG PUSCH.
· A UE is not expected to be scheduled by a PDCCH ending in symbol i to transmit a high priority DG PUSCH on a given serving cell overlapping in time with a transmission occasion, where the UE is allowed to transmit a CG PUSCH with low priority, starting in a symbol j on the same serving cell if the end of symbol i is not at least N2 symbols before the beginning of symbol j. 
· Option 3: PHY layer can make the prioritization so that the UE is expected to cancel the overlapping low priority CG PUSCH by the first overlapping symbol at the latest. Further, a UE expects that the first [overlapping] symbol of the high priority DG PUSCH is not earlier than Tproc,2+d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority channel. 
· No PHY collision handling necessary if MAC does not generate a PDU for the CG.



In the RAN1 #102-e meeting, the following agreement was achieved. 
	Agreements:
Support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH in R17.
· FFS details
· Clarify R16 baseline if needed.



· HP CG vs LP DG
If the UE processes the CG PUSCH first, the UE will only transmit the CG PUSCH. If the start of the DG PUSCH is earlier than the CG PUSCH and the UE processes the DG PUSCH first, the UE should stop processing the DG PUSCH and then prepare the CG PUSCH. In this case, more time is needed for the CG PUSCH. Since the UE has already been aware of the CG PUSCH, available time for processing depends on when the high priority arrives. However, the high priority data could arrive at any time. If the UE has enough time to cancel the DG PUSCH and transmits CG PUSCH, e.g. the data is arrived before Tproc,2+d1 before the first symbol of the CG PUSCH, the UE should cancel the DG PUSCH before the first symbol of the CG PUSCH and transmit the CG PUSCH. If the UE does not have enough for such processing, the CG PUSCH cannot be transmitted on the current occasion. Anyway, it should be up to the UE implementation. Therefore, we support the option 3 above to resolve this issue.
Proposal 29: For the overlapping between HP CG and LP DG, PHY layer can make the prioritization so that the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the overlapping low priority PUSCH scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant.
· LP CG vs HP DG
Similarly, if the UE processes the CG PUSCH first, more time is needed for the UE to cancel the CG PUSCH and prepare the DG PUSCH. It means the time interval between the DG PUSCH and the corresponding scheduling PDCCH should be large enough. The timeline defined in Rel-16 can be reused. Regarding the UE capability, it can be discussed after the solution is stable.
Proposal 30: For the overlapping between LP CG and HP DG, PHY layer can make the prioritization so that the UE is expected to cancel the overlapping low priority CG PUSCH by the first overlapping symbol at the latest. Further, a UE expects that the first [overlapping] symbol of the high priority DG PUSCH is not earlier than Tproc,2+d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority channel. 
6. Conclusion
According to the analysis given above, we have the following observations and proposals:
Proposal 1: For HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s), support separate coding and reuse R15 TS 38.212 Clause 5.3.3.1 for 1-bit, reuse R15 TS 38.212 Clause 5.3.3.2 for 2-bit.
Proposal 2: When the two UCIs with different priorities will be multiplexed on a PUCCH format 2/3/4 by separate coding, for a certain priority UCI, 
· If the payload size is more than 2 but less than 12, RM code is performed.
· If the payload is more than 11 bits, Polar coding is performed. 
Proposal 3: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is more than 2, confirm the RAN1#104b-e meeting working assumption as: 
· Drop LP CSI (including part 1 and part2, if exist) if the CSI would multiplex on the PUCCH.
Proposal 4: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is more than 2,
· Let HP A/N reuse the encoder, rate matching equation, and RE mapping rules in Rel-15 for A/N+CSI-1.
· Let LP A/N reuse the encoder, rate matching equation, and mapping rules in Rel-15 for CSI-2.
Proposal 5: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is more than 2,
· Rel-15 can be the baseline for rate matching and RE mapping rules for PF3/4.
· Coded bits of HP HARQ-ACK and LP HARQ-ACK are continuously mapped in the time-frequency resources for PF2.
Proposal 6: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is 2, R15 design is reused without power boosting.
Proposal 7: The maxCodeRate configuration in Rel-16 is reused for multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in Rel-17.
Proposal 8: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, support DCI+RRC configuration for gNB to enable/disable the multiplexing when DCI is applied.
· For SPS HARQ-ACK, the enable/disable scheme falls back to RRC configuration.
Proposal 9: The indicator of intra-UE multiplexing UCI with different priorities should be carried on the scheduling DCI or RRC parameter for the high priority transmission.
Proposal 10: 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) in case the total number of LP and HP HARQ-ACK bits is 2.
Proposal 11: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, UCI payload size for PUCCH resource determination is determined as the total number of HP UCI bits + LP UCI bits
Proposal 12：For the case that the total number of bits is no more than 2 bits, the PRI+x in the HP DCI is used to implicitly determine an extended PUCCH resource from the same PUCCH set in the PUCCH-config with high priority for the multiplexed UCI.
-  x is predefined, e.g., x=1.
Proposal 13: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource. The principle is applied at least for three cases:
· PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0
· PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1
· PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0
Proposal 14: Adopt the following rules to multiplex high priority SR and low priority HARQ-ACK.
	HARQ-ACK

SR
	PUCCH format 0
	PUCCH format 1
	PUCCH format 2/3/4

	PUCCH format 0
	For positive SR, the UE transmits the PUCCH in the resource using PUCCH format 0 in PRB(s) for SR. The same way in Rel-15 can be reused for the UE to determine the value of [image: ] and [image: ] for computing the value of cyclic shift [image: ].
For negative SR, the UE transmits only a PUCCH with HARQ-ACK information.
	For positive SR, the UE Reuse Rel-15 rules.
For negative SR, the UE transmits only a PUCCH with HARQ-ACK information and drops the PUCCH with negative SR.

	PUCCH format 1
	For positive SR, the UE transmits the PUCCH in the resource using PUCCH format 1 in PRB(s) for SR. The value of cyclic shift of sequence, i.e., [image: ], of this PUCCH format 1 is determined by HARQ-ACK, and the bit, i.e., b(0), of this PUCCH format 1 is determined by SR
For negative SR, the UE transmits only a PUCCH with HARQ-ACK information and drops the PUCCH with negative SR.
	Reuse Rel-15 rules.
	


Proposal 15: For handling the scenarios with more than two overlapping PUCCHs of different priorities, allow a single checking/multiplexing step between channels of different priorities after multiplexing (if any) between overlapping channels of the same priority is already done.
Proposal 16: To determine an associated HP PUCCH time unit for the LP HARQ-ACK PUCCH if the LP HARQ-ACK PUCCH overlaps with multiple HP PUCCH time units, the low priority PUCCH performs multiplexing or dropping procedure in the first overlapping time unit that contains high priority PUCCH if overlapped low priority PUCCH and high priority PUCCH meet the multiplexing timeline.
Proposal 17: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, the coding scheme, rate matching and RE mapping of HP HARQ-ACK reuse the mechanism of HARQ-ACK multiplexed in PUSCH in Rel-15.
Proposal 18: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK and LP HARQ-ACK would be transmitted on HP/LP PUSCH without CSI, the coding scheme, rate matching and RE mapping of LP HARQ-ACK reuse the mechanism of CSI-part 1 in Rel-15.
Proposal 19: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and LP CSI consisting of two parts would be transmitted on LP PUSCH conveying UL-SCH, 
· The LP CSI part 2 is dropped firstly. 
· LP HARQ-ACK is coded separately from HP HARQ-ACK and CSI part 1.
· The coding scheme, rate matching and RE mapping of LP HARQ-ACK and LP CSI part 1 will respectively follow the rules of Rel-15 CSI-part 1 and Rel-15 CSI-part 2.
If the leftover resources for LP HARQ-ACK and LP CSI part 1 is not sufficient, LP HARQ-ACK has higher priority than LP CSI part 1, and LP CSI part 1 may be partially dropped or compressed.
Proposal 20: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and HP CSI consisting of two parts would be transmitted on HP PUSCH conveying UL-SCH, 
· Dropping HP A-CSI part 2.
· The coding scheme, rate matching and RE mapping of LP HARQ-ACK and HP CSI part 1 will respectively follow the rules of Rel-15 CSI-part 1 and Rel-15 CSI-part 2.
· If the leftover resources for LP HARQ-ACK and HP CSI part 1 is not sufficient, LP HARQ-ACK has lower priority than HP CSI part 1, and LP HARQ-ACK may be partially dropped or compressed.
Proposal 21: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, if HP HARQ-ACK, LP HARQ-ACK, and HP/LP CSI consisting of two parts would be transmitted on HP/LP PUSCH not conveying UL-SCH, UE follows the same behaviour as that in case of PUSCH conveying UL-SCH.
Proposal 22: The beta_offset should not be used to disable the intra-UE multiplexing UCI with data.
Proposal 23: The indicator of intra-UE multiplexing UCI with data exists in the scheduling DCI or RRC parameter for the high priority transmission. 
Proposal 24: In NR Rel-17, for dynamic indication, up to two sets of beta_offset values and the separate values in each set for PUCCH with different priorities can be configured to the UE to indicate separate beta_offset values, the two sets are similar with Rel-17:
· Multiplexing HARQ-ACK on LP PUSCH
· Multiplexing HARQ-ACK on HP PUSCH
Proposal 25：In NR Rel-17, for semi-static indication, four values of beta_offset are indicated for the below cases:
· beta_offset value for multiplexing LP HARQ-ACK on LP PUSCH
· beta_offset value for multiplexing HP HARQ-ACK on HP PUSCH
· beta_offset value for multiplexing LP HARQ-ACK on HP PUSCH
· beta_offset value for multiplexing HP HARQ-ACK on LP PUSCH
Proposal 26: LP UCI compression is slightly preferred in case there is no enough resource left for LP UCI.
Proposal 27: For the overlapping between high priority HARQ-ACK and low priority PUSCH, if the gNB allows a UE to multiplex the HARQ-ACK on PUSCH, the UE maps this HARQ-ACK to PUSCH resource elements no later than the last symbol of PUCCH resource for HARQ-ACK.
Proposal 28: If simultaneous PUCCH/PUSCH over different cells is configured, the processing order between multiplexing/prioritizing and simultaneous-transmissions is proposed to be:
· The PUCCH/PUSCH on a same cell or on different cells under intra-band CA are multiplexed or prioritized, following the same procedure with simultaneous PUCCH/PUSCH disabled. 
· The PUCCH/PUSCH on different cells within the same PUCCH group under inter-band CA are transmitted simultaneously at least when PUCCH/PUSCH have different priorities
· FFS: whether to apply simultaneous PUCCH/PUSCH transmissions when PUCCH/PUSCH have the same priority.
Proposal 29: For the overlapping between HP CG and LP DG, PHY layer can make the prioritization so that the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the overlapping low priority PUSCH scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant.
Proposal 30: For the overlapping between LP CG and HP DG, PHY layer can make the prioritization so that the UE is expected to cancel the overlapping low priority CG PUSCH by the first overlapping symbol at the latest. Further, a UE expects that the first [overlapping] symbol of the high priority DG PUSCH is not earlier than Tproc,2+d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority channel. 
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