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1   Introduction 
At RAN #94e, the scopes of this AI were intensively discussed and the following guidance was provided:
· RAN to guide RAN1 to focus on the discussions on Capability#1 only in Q1 2022 for Rel-17 intra-UE multiplexing framework
· RAN1 is tasked to complete the remaining normative work for Rel-17 Enhanced IIoT & URLLC by Q1 of 2022
· All RAN1 decisions that impact other WGs should be finalized in RAN1#107bis-e

In this contribution, remaining details of intra-UE UCI multiplexing are discussed based on the guidance.
2   Multiplexing Framework
At RAN1 #107-e, the following agreements were reached for the framework of Rel-17 intra-UE multiplexing [1]:
Agreement: 
For handling overlapping PUCCHs/PUSCHs with different priorities, Step 2 consists of the following sub-steps:
· Step 2.1: Resolve collision of LP PUCCHs and HP PUCCHs. 
· Step 2.2: Resolve collision of PUCCHs and PUSCHs of different priorities. 
Agreement
If multiplexing of PUCCHs and/or PUSCHs with different priorities is enabled by RRC, support both of the following UE capabilities to resolve collision of PUCCHs and/or PUSCHs with different priorities in step 2:
· Capability #1: It is not expected that Rel-15 multiplexing timeline is not met for all overlapping channels [FFS the overlapping channels are resultant channels after step 1]. UE performs multiplexing or dropping of PUCCHs and/or PUSCHs with different priorities according to Rel-17 rules.
· Dynamic enabling/disabling multiplexing for different priorities is not supported for Capability #1
· (Working assumption) Capability #3: Rel-17 multiplexing for different priorities is dynamically enabled/disabled in step 2.
· Dynamic indication of enabling/disabling multiplexing for different priorities can be enabled only if multiplexing of PUCCHs/PUSCHs with different priorities is enabled by RRC configuration.
· If dynamic multiplexing for different priorities is indicated as enabled for a PUCCH / PUSCH, the UE performs Rel-17 multiplexing operation using the Rel-15 timeline
· The gNB is responsible to ensure that all the DCIs associated with all overlapping channels involved in multiplexing in step 2 meet the Rel-15 timeline for multiplexing.
· If dynamic multiplexing for different priorities is indicated as disabled for a PUCCH / PUSCH, the UE does not apply the Rel-17 intra-UE multiplexing
· If the UL channel associated with the DCI disabling multiplexing collides with another UL channel of a different priority, UE performs R16 PHY prioritization, using Rel-16 timeline. The gNB is responsible to ensure that the UE meets R16 PHY prioritization timeline. 
· If the UL channel associated with the DCI disabling multiplexing does not collide with another UL channel of a different priority, UE transmits the UL channel as is. 
· FFS: whether the UL channel associated with the DCI disabling multiplexing can collide with another UL channel of a same priority.
· UE does not expect to receive a dynamic indication resulting in demultiplexing of previously multiplexed PUCCHs/PUSCHs channels after the Rel-15 multiplexing deadline has passed
· FFS: UE does not expect to receive a dynamic indication resulting in demultiplexing of previously multiplexed PUCCHs/PUSCHs channels without any associated DCIs
· Note: demultiplexing of two previously multiplexed channels means decoupling two channels already multiplexed, dropping one channel, and multiplexing the other channel with another channel(s).
· The above behaviors of Capability#3 at least apply to resolving collision of two UL channels resulting from Step 1 with different priorities. FFS: more than two UL channels.
· FFS whether dynamic indication in multiple DCIs associated with a group of overlapping channels have to be consistent
· FFS: Configuration of prioritization / multiplexing of channels without dynamic indication
· Note: Capability 3 procedure is a super-set of Capability 1 procedure
· FFS: Time unit to apply Rel-15 timeline (e.g. slot based, sub-slot based)
· FFS: The set of PUSCH and PUCCH that eligible for Rel-15 multiplexing consideration
Note: “collision” refers to overlapping PUCCHs, overlapping PUCCH and PUSCH (excluding PUSCH supporting simultaneous transmission with PUCCH), overlapping PUSCHs on a same cell.
Note: “Rel-15 multiplexing timeline” means Rel15 timeline calculation in Rel-16 spec, including all the formula and all the values for the variables
Note: “Rel-16 prioritization timeline” means Rel-16 cancellation timeline calculation in Rel-16 spec, including all the formula and all the values for the variables
According to the guidance from RAN #94e, the efforts should be focused on the completion of Capability#1. One remaining issue regarding Capability#1 is whether simultaneous PUCCH and PUSCH transmission is considered at Step 1 when simultaneous PUCCH/PUSCH transmission is enabled. The understandings of previous agreements regarding the support of simultaneous PUCCH and PUSCH of a same priority also diverge. In our view, if simultaneous PUCCH and PUSCH of different priorities can be supported by a UE, there is no extra burden for the UE to support simultaneous PUCCH and PUSCH of a same priority. In this sense, the major concern of considering simultaneous PUCCH and PUSCH transmission is whether there is a strong need to support it and whether the additional standardization effort is worthwhile. The benefit of simultaneous PUCCH and PUSCH transmission is not clear at least from the perspective of multiplexing. Furthermore, different situations, e.g., different combinations of cells with overlapping PUCCH/PUSCH and cells supporting simultaneous transmission, may have to be differentiated in Step 1 if simultaneous PUCCH/PUSCH transmissions of a same priority is considered. Considering that only essential issues should be discussed at this late stage, we prefer to not support simultaneous PUCCH and PUSCH transmission at Step 1 in Rel-17.  
Proposal 1: Simultaneous PUCCH and PUSCH transmission is not supported at Step 1 in Rel-17.
3   Multiplexing HARQ-ACK on PUCCH
3.1 Channel coding
The channel coding schemes for the HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s) is still open according to the agreements made at RAN1 #105-e:
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.
In current specifications, repetition coding for 1 bit HARQ-ACK or simplex coding for 2-bit HARQ-ACK is supported for UCI in PUSCH. Placeholder bits are inserted to restrict the constellation points in case the number of encoded bits is smaller than the total number of constellation points, so that Euclidean distance is maximized. It is well known that the ML detection performance can be expected as a function of minimum Euclidian distance [2]. Because of its better performance, this kind of constellation restriction was introduced by LTE Rel-8 [3] and inherited by NR. The placeholder based coding schemes for 1 or 2 bit HARQ-ACK have been widely implemented, we don’t see any problem to reuse them for HP HARQ-ACK and LP HARQ-ACK multiplexing.
In contrast, the padding based RM coding scheme may cause some problems especially for HP HARQ-ACK bits although one may argue that it has been also supported by CSI. 
1) The performance of padding based RM coding is up to 0.5dB worse than existing repetition and simplex coding schemes as shown in [4][5]. This would quite restrict the usefulness of HP HARQ-ACK and LP HARQ-ACK multiplexing, especially considering that HP HARQ-ACK may be at a high risk of performance degradation; 
2) Padding based RM coding may bring much bigger specification and implementation impacts. There may be different understandings on the HARQ-ACK padding bits between gNB and the UE due to DCI mis-detection, which is substantially different from CSI. This can be seen from the editor’s note for HARQ-ACK bit generation in Subclause 6.3.1.1.4 in TS38.212 as follows:
Editor’s note: Further update may be done depend on further agreement on whether to reuse padding and RM coding, or to reuse repetition code/ simplex code, for 1-2 bits HP/LP HARQ-ACK.
Our understanding of this editor’s note is that the padding bits for the RM coding may have to be regarded as UCI payload bit due to DCI mis-detection. This is quite similar to the UCI bit generation for 0 or 1 bit HARQ-ACK on PUSCH, where a reference number of HARQ-ACK bits (i.e., 2) is always assumed for RE reservation. As a consequence of this kind of padding based RM coding, a reference number of HARQ-ACK bits rather than the actual number of HARQ-ACK bits has to be used in PUCCH related procedures (e.g., PUCCH resource set determination, PUCCH resource determination, PUCCH PRB determination, PUCCH power control and etc). Such huge specification and implementation impacts are really undesirable at this very late stage.
3) Inflexibility for rate matching due to the limitation of the coding rate of RM mother code (the effective coding rate becomes 1/32 for 1-bit HARQ-ACK considering padding bits) The performance of RM based shortening or truncation (e.g., as a result of rate matching) has never been justified.
Considering the drawbacks analyzed above for padding based RM coding, it is a much safer choice to reuse the justified coding schemes for HP HARQ-ACK and LP HARQ-ACK multiplexing.
Proposal 2: Option 1 is supported, i.e., Rel-15 TS 38.212 Clause 5.3.3.1 is reused for 1-bit and Rel-15 TS 38.212 Clause 5.3.3.2 is reused for 2-bit.
3.2 PUCCH Format 2
There were also some discussions on the support of PUCCH format 2 at the latest RAN plenary meeting. Overwhelming majority of companies consider that PUCCH format 2 is essential for URLLC and can avoid fragmentation in the market. We fully agree with the majority view and think that the specification impact is quite limited to support PUCCH format 2.
Proposal 3: HP A/N and LP A/N multiplexing on a PUCCH format 2 (PF2) is supported.
The following agreements were made at RAN1 #106-e that are related to rate matching: 
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.
According to this agreement, for PUCCH format 3/4 (PF3/4), a total number of bits for rate matching  is firstly calculated according to the number of available REs for HP A/N and LP A/N transmission and spreading factors for a given modulation scheme. A number of bits for HP A/N is calculated according to the number of HP A/N bits and a configured maximum coding rate  for HP A/N. The remaining bits are used for the LP A/N. One remaining open issue is how to calculate the rate matching output sequence lengths for HP A/N and LP A/N in a PUCCH with format 2 (PF2). In our view, it is natural to apply a similar approach as PF3/4 to PF2, i.e., PF2 HP A/N reuses rate matching equation in Rel-15 for PF3/4 A/N+CSI Part 1 and PF2 LP A/N reuses rate matching equation in Rel-15 for PF3/4 CSI Part 2.
Proposal 4: Rate matching equation in Rel-15 for PF3/4 A/N+CSI-1 and rate matching equation in Rel-15 for PF3/4 CSI-2 are reused respectively for PF2 HP A/N and PF2 LP A/N.
There is an agreement made at last RAN1 meeting regarding power control:
Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, 
· At least for PUCCH format 3/4, use the HP UCI bit number and HP RE number for ∆TF,b,f,c(i) formula selection and calculation
· For PUCCH format 1, use the total UCI bit number for ∆TF,b,f,c(i) calculation.
· FFS for PUCCH format 2.
The leftover issue is how to manage the power for PUCCH format 2. In current specification, the power of PUCCH format 2 is also determined based on the BPRE. Therefore, it is straightforward that HP UCI bit number and HP RE number are used for PF2 ∆TF,b,f,c(i) formula selection and calculation.
Proposal 5: The HP UCI bit number and HP RE number are used for PF2 ∆TF,b,f,c(i) formula selection and calculation.
4   Multiplexing HARQ-ACK on PUSCH
4.1 Channel coding
The following agreements were made at RAN1 #104bis-e:
Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUSCH in R17, support separate coding for the two HARQ-ACKs.
· It is understood that it is intended that the number of encoding chains for all UCI multiplexing combinations in Rel-17 should not exceed that in Rel-15/16.
At RAN1#106bis-e and RAN1#107e, the following agreements were respectively made:
Agreement
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, 
· HP HARQ-ACK and LP HARQ-ACK are separately encoded according to R15 TS 38.212 Clause 5.3.1 and Clause 5.3.3. 
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK in principle. FFS details.
· For LP HARQ-ACK, reuse R15 Part 1 CSI rate matching and RE mapping.
Agreement
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 CSI part 2 is dropped. 
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK in principle. FFS details.
· Reuse R15 CSI part 1 rate matching and RE mapping for LP HARQ-ACK.
· Reuse R15 CSI part 2 rate matching and RE mapping for LP CSI part 1.
· FFS for LP CSI consisting of single part.

It is still open for the case of LP HARQ-ACK multiplexed on a HP PUSCH with CSI. In this case, there may be HP HARQ-ACK, HP CSI part 1, HP CSI part 2 and HP UL-SCH. In order to not increase the number of encoding chains, HP CSI part 2 has to be dropped or LP HARQ-ACK has to be jointly coded with HP CSI or even with HP UL-SCH. Alternatively, multiplexing of LP HARQ-ACK in a HP PUSCH which has HP A/N and HP CSI part 2 could not be supported. Dropping HP CSI part 2 due to LP HARQ-ACK multiplexing does not make much sense. Support of joint coding is not a good choice either while separate coding is adopted for multiplexing on PUCCH, especially considering the time-consuming discussions between separate coding and joint coding. Therefore, our preference is that multiplexing of LP HARQ-ACK in a HP PUSCH which has HP A/N and HP CSI part 2 is not supported, i.e., multiplexing of LP HARQ-ACK on a HP PUSCH is supported only when HP A/N and HP CSI part 2 do not simultaneously exist.
Proposal 6: Multiplexing of LP HARQ-ACK in a HP PUSCH is not supported when HP A/N and HP CSI consisting of two parts simultaneously exist in the HP PUSCH. 
As LP HARQ-ACK reuses Rel-15 CSI Part 1 rate matching and RE mapping when HP HARQ-ACK and LP HARQ-ACK are multiplexed on a same PUSCH without CSI, it is natural to reuse the CSI Part 1 channel coding chain for LP HARQ-ACK as well in this case. When there is only 1 or 2 bit LP HARQ-ACK, zero padding could be applied prior to channel coding. The length of rate matching output sequence is calculated based on the number of bits after padding (i.e., 3 bits) and the beta offset value configured for the LP HARQ-ACK.
Proposal 7: LP HARQ-ACK is zero padded to 3 bits prior to channel coding if the number of LP HARQ-ACK information bits is smaller than 3 and the channel encoder for Rel-15 CSI Part 1 is reused. The length of rate matching output sequence is calculated based on 3-bit LP HARQ-ACK.
4.2 Rate matching
It has been agreed in RAN1 #102-e to support separate configurations of beta-offset values for multiplexing with different priority combinations. For a given PUSCH, which beta-offset value(s) should be used is determined by the priority of a multiplexed UCI. It is also beneficial to separately configure scaling factor (i.e., parameter “alpha”) for multiplexing with different priority combinations from the perspectives of HP PUSCH protection and gNB configuration flexibility.
Proposal 8: Separate configuration of scaling factors (“alpha”) is supported for UCI-PUSCH multiplexing with different priority combinations. 
4.3 Data and control multiplexing
The followings were agreed at RAN1#102e:
Agreements:
Support multiplexing for following scenarios in R17:
· Multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only).
· Multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only)
· Multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI.
· Multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI.
According to this agreement, one open issue is how to encode and map LP HARQ-ACK when there is LP HARQ-ACK on a HP PUSCH conveying UL-SCH only. In our view, it is a straightforward way to reuse Rel-15 HARQ-ACK channel coding, rate matching/puncturing and RE mapping for LP HARQ-ACK in case LP HARQ-ACK is multiplex on a HP PUSCH conveying UL-SCH only.
Proposal 9: Reuse Rel-15 HARQ-ACK channel coding, rate matching/puncturing and RE mapping for LP HARQ-ACK in case LP HARQ-ACK is multiplexed on a HP PUSCH conveying UL-SCH only.
Another open issue is whether LP HARQ-ACK reuses R15 Part 1 CSI rate matching and RE mapping or fallbacks to R15 HARQ-ACK rate matching and RE mapping when this is no HP HARQ-ACK on the PUSCH and HP/LP multiplexing is enabled (i.e., UCI-MuxWithDifferentPriority is configured). If LP HARQ-ACK fallbacks to R15 HARQ-ACK rate matching and RE mapping in this case, it is natural to reuse the beta-offset value configured for LP HARQ-ACK to calculate the number of reserved REs. Otherwise, LP HARQ-ACK always reuses R15 Part 1 CSI rate matching and RE mapping and HP HARQ-ACK beta-offset value is adopted for RE reservation when UCI-MuxWithDifferentPriority is configured. Typically, mapping LP HARQ-ACK on the reserved REs could provide better protection for other transmissions (e.g., UL-SCH) from DCI mis-detection. Moreover missing HP HARQ-ACK is quite unlikely, so always reserving REs for HP HARQ-ACK seems unnecessary. 
Proposal 10: LP HARQ-ACK uses R15 HARQ-ACK rate matching and RE mapping when there is no HP HARQ-ACK on the PUSCH and UCI-MuxWithDifferentPriority is configured.
Proposal 11: RE reservation is performed based on the beta-offset value configured for LP HARQ-ACK on the PUSCH when there is no HP HARQ-ACK on the PUSCH and UCI-MuxWithDifferentPriority is configured.
4.4 Multiplexing Enabling/Disabling
In Rel-15/Rel-16, UL DAI based enabling/disabling has already been supported for UCI multiplexing in PUSCH. For an example, the UE does not generate a Type-1 HARQ-ACK codebook for multiplexing in the PUSCH transmission when  unless a single HARQ-ACK is to be reported. For another example, the  can disable a Type-2 HARQ-ACK codebook multiplexing in PUSCH when the UE does not have HARQ-ACK to feedback. The UL DAI indication could be simply extended to enable/disable HP and LP HARQ-ACK multiplexing in PUSCH. Specifically,  for Type-1 HARQ-ACK codebook or  for Type-2 HARQ-ACK codebook could implicitly mean that multiplexing of different priorities is disabled and Rel-16 rules are followed.
Proposal 12:  for Type-1 HARQ-ACK codebook or  for Type-2 HARQ-ACK codebook disables multiplexing of HARQ-ACK in PUSCH with different priorities. 
5  Multiplexing of HARQ-ACK and SR
A number of candidate solutions were proposed by companies and the following agreements were made at RAN1#104-e: 
Agreements:
When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, further study the following options (proponents are encouraged to provide more details and analysis):
· Opt.1: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
· Opt.1a: The UE does not transmit negative SR.
· Opt.1b: For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.
· Opt.1c: For negative SR, the UE transmits SR and HARQ-ACK on the SR resource
· FFS: whether with power boost to transmit multiplexed payload or not.
· Opt.2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
· Opt.2a: If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
· Opt.2b: Using 4 CS values as for SR+1-bit HARQ-ACK in Rel-15/16. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced/compressed to 1-bit.
· 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.
· Other options not excluded.
· FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?
Agreements:
When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, further study the following options (proponents are encouraged to provide more details and analysis):
· Opt.1: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
· Opt.1a: The UE does not transmit negative SR.
· Opt.1b: For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.
· Opt.1c: For negative SR, the UE transmits SR and HARQ-ACK on the SR resource
· FFS: whether with power boost to transmit multiplexed payload or not.
· Opt.2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
· Opt.2a: If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
· Opt.2b: Applying QPSK for SR+1-bit HARQ-ACK. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced/compressed to 1-bit.
· FFS on conditions of multiplexing.
· 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: For positive SR, transmit SR on the SR resource and drop HARQ-ACK. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
· Opt.5: No enhancement over Rel-16.
· Other options not excluded.
· FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?
Agreements:
When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, further study the following options (proponents are encouraged to provide more details and analysis):
· Opt.1: The SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
· Opt.1a: For positive SR, the UE transmits the PUCCH in the resource using PUCCH format 1 for SR. The value of cyclic shift of sequence, i.e., , 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.
· Opt.1b: SR and HARQ-ACK are multiplexed and modulated to be transmitted on the SR resource
· Opt.2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
· Opt.2a: If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
· Opt.2b: Using 4 CS values as for SR+1-bit HARQ-ACK in Rel-15/16. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced/compressed to 1-bit.
· 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.2d: HP SR and LP HARQ-ACK are multiplexed by the Rel-15 cyclic shift only if latency requirement for HP SR is met. Otherwise, drop the LP HARQ-ACK and only transmit the HP SR on its 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.
· Other options not excluded.
· FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?
According to the discussions and agreements at the RAN1#104-e and RAN1#104bis-e, three cases get interest from most companies. The three cases are:
· Case 1: a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0;
· Case 2: a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1;
· Case 3: a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0.
In general, for all these three cases, the performance (including both reliability and latency) of HP positive SR should be sufficiently guaranteed whenever any of LP HARQ-ACK bits is multiplexed.
For Case 1, the HP SR may enjoy different configurations (e.g., a different power control parameter or a frequency selective PUCCH resource) from the LP HARQ-ACK when no multiplexing exists. This kind of superiority should be maintained when multiplexing with LP HARQ-ACK is applied. Therefore, it is preferred that the HP positive SR and LP HARQ-ACK are multiplexed and transmitted on the SR resource. For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource. By this way, the SR detection performance may be different from HP SR only transmission as increased cyclic shift values are required to convey HARQ-ACK. However, the performance impact is expected to be marginal and could be potentially compensated by gNB implementation based on PRB switching. And also, appropriate power setting could be employed by gNB to ensure the HP positive SR performance. The cyclic shift applied for the multiplexed HP positive SR and LP HARQ-ACK can follow Rel-15 specification.
Proposal 13: When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, Opt.1b (i.e., The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource, and the UE transmits only HARQ-ACK on the HARQ-ACK resource for negative SR) is supported.
For Case 2, based on the same reason as Case 1, the HP SR resource should be used for the HP positive SR transmission. It is possible to multiplex the HARQ-ACK bits into the SR resource. PF1 is used mainly for coverage reason. When the PF1 HARQ-ACK bit(s) is multiplexed into a PF0 PUCCH, the HARQ-ACK performance may not be ensured, which certainly lower the interest on supporting this kind of multiplexing. 
Proposal 14: When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, Opt.4 (i.e., for positive SR, transmit SR on the SR resource and drop HARQ-ACK. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource) is supported.
A similar behavior as Case 1 could be applied for Case 3. The open issue is whether enhancements need be specified to further protect the reliability of HP SR when the SR is positive. As mentioned above for Case 1,  gNB could compensate the performance of HP SR detection by implementation (e.g., power boosting and PRB detection based on PRB switching) if the multiplexing could degrade HP SR reliability. And also, payload size based power control is supported by PF1 which can further alleviate the impact to HP SR reliability. Therefore, no further enhancement is needed for Case 3 compared to Case 1.
Proposal 15: When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, Opt 3 (i.e., for positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource) is supported.
6  Multiplexing of LP CG and HP DG
At RAN1 #107e, the following was agreed:
Agreement
For the overlapping between LP CG and HP DG, if MAC delivers two MAC PDUs to PHY, 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. 
· On top of Rel-16 cancellation time (N2+d1) for PUCCH/PUCCH or PUCCH/PUSCH collision, additional time d3 is needed (which results N2+d1+d3 in total cancellation time) for LP CG-PUSCH and HP DG-PUSCH collision resolution.
· (Working assumption) d3 = {0, }symbol(s) upon UE capability report, where  for SCS=15/30/60/120kHz, respectively.
For the set of candidate d3 values, smaller granularity will provide more flexibility. However, from the perspective of signalling design, the bit width will change according to the numerology if this working assumption is confirmed. And also, d3 would be physical processing time for a UE implementation, we do not see a need for variable sets of candidate time values. Although we do not have strong views, we prefer the set of candidate d3 values resulting in a same set of absolute processing time values.
Proposal 16: d3 values resulting in a same set of absolute processing time values are preferred for PHY layer prioritization when there is overlapping between LP CG and HP DG and MAC delivers two MAC PDUs to PHY.
7  Conclusions
In this contribution, several remaining aspects on the multiplexing of UCIs with different priorities are discussed. The following proposals are drawn based on the discussions:
Proposal 1: Simultaneous PUCCH and PUSCH transmission is not supported at Step 1 in Rel-17.
Proposal 2: Option 1 is supported, i.e., Rel-15 TS 38.212 Clause 5.3.3.1 is reused for 1-bit and Rel-15 TS 38.212 Clause 5.3.3.2 is reused for 2-bit.
Proposal 3: HP A/N and LP A/N multiplexing on a PUCCH format 2 (PF2) is supported.
Proposal 4: Rate matching equation in Rel-15 for PF3/4 A/N+CSI-1 and rate matching equation in Rel-15 for PF3/4 CSI-2 are reused respectively for PF2 HP A/N and PF2 LP A/N.
Proposal 5: The HP UCI bit number and HP RE number are used for PF2 ∆TF,b,f,c(i) formula selection and calculation.
Proposal 6: Multiplexing of LP HARQ-ACK in a HP PUSCH is not supported when HP A/N and HP CSI consisting of two parts simultaneously exist in the HP PUSCH. 
Proposal 7: LP HARQ-ACK is zero padded to 3 bits prior to channel coding if the number of LP HARQ-ACK information bits is smaller than 3 and the channel encoder for Rel-15 CSI Part 1 is reused. The length of rate matching output sequence is calculated based on 3-bit LP HARQ-ACK.
Proposal 8: Separate configuration of scaling factors (“alpha”) is supported for UCI-PUSCH multiplexing with different priority combinations. 
Proposal 9: Reuse Rel-15 HARQ-ACK channel coding, rate matching/puncturing and RE mapping for LP HARQ-ACK in case LP HARQ-ACK is multiplexed on a HP PUSCH conveying UL-SCH only.
Proposal 10: LP HARQ-ACK uses R15 HARQ-ACK rate matching and RE mapping when there is no HP HARQ-ACK on the PUSCH and UCI-MuxWithDifferentPriority is configured.
Proposal 11: RE reservation is performed based on the beta-offset value configured for LP HARQ-ACK on the PUSCH when there is no HP HARQ-ACK on the PUSCH and UCI-MuxWithDifferentPriority is configured.
Proposal 12:  for Type-1 HARQ-ACK codebook or  for Type-2 HARQ-ACK codebook disables multiplexing of HARQ-ACK in PUSCH with different priorities. 
Proposal 13: When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, Opt.1b (i.e., The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource, and the UE transmits only HARQ-ACK on the HARQ-ACK resource for negative SR) is supported.
Proposal 14: When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, Opt.4 (i.e., for positive SR, transmit SR on the SR resource and drop HARQ-ACK. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource) is supported.
Proposal 15: When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, Opt 3 (i.e., for positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource) is supported.
Proposal 16: d3 values resulting in a same set of absolute processing time values are preferred for PHY layer prioritization when there is overlapping between LP CG and HP DG and MAC delivers two MAC PDUs to PHY.
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