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Discussion
1. Introduction
Regarding the following objective of the Rel-17 enhanced IIoT and URLLC WI [1], RAN1 had discussed for three meetings and the achieved agreements are listed in the appendix [2]

 REF _Ref60316289 \n \h 
[3]

 REF _Ref67741605 \n \h 
[4].
Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 

b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 
In this contribution, we provide our views on the intra-UE multiplexing and prioritization topic.
2. Mechanism for enabling/disabling the multiplexing among UCI and PUSCH with different priorities
As a new feature for multiplexing among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities on PUCCH or PUSCH in R17, the multiplexing can be configured by RRC. Using RRC configuration for enabling/disabling the multiplexing should be supported as a baseline. DCI indication for enabling/disabling the multiplexing is not applicable for all the cases, such as the case of scheduling by fallback DCI or SPS HARQ-ACKs or CG PUSCH could not use DCI for the indication. Moreover, DCI indication is not applicable for the case of multiplexing LP HARQ-ACK and HP SR also, since it is impossible for gNB to predict the state of SR. Proper multiplexing conditions should be defined at least for these DCI indication not applicable cases to ensure reliability and latency requirement for HP traffic. When the multiplexing is enabled by RRC, further the multiplexing conditions should be checked to determine whether actual multiplexing is allowed or not. Considering the details of multiplexing between channels with different priorities and the multiplexing conditions are still being discussed, for other cases whether the multiplexing conditions are applicable or dynamic indication is to be supported for enabling/disabling the multiplexing can be further discussed after detailed multiplexing conditions are defined.

Proposal 1: For multiplexing UCI/PUSCH with different priorities on PUCCH or PUSCH in R17, support RRC configuration to enable/disable the multiplexing as a base line.

To ensure the latency requirement for HP traffic, the ending symbol of PUCCH or PUSCH resource for multiplexed UCI transmission should be not later than the ending symbol of PUCCH or PUSCH for the HP traffic. 
Proposal 2: Multiplexing for channels with different priorities is allowed only when the ending symbol of PUCCH or PUSCH resource carrying the multiplexed UCI is no later than the ending symbol of channel carrying HP traffic.

3. Multiplexing UCI with different priorities on PUCCH
3.1 Multiplexing a HP HARQ-ACK and a LP HARQ
For Multiplexing a HP HARQ-ACK and a LP HARQ, options were discussed in the last meeting for cases that the total bit number is larger than 2 as well as is 2 [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 are more than 2 bits, down-select from the following options:

· Option 1: Joint coding with compression for the LP HARQ-ACK.
· Option 2: Separate coding. Separate maxCodeRate.
· Option 3: Separate coding and joint coding are both supported under some condition.
· The condition is about HARQ-ACK payload size
· FFS the condition is related to HP or LP HARQ-ACK payload size, or both.
· FFS details of the condition.
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 bits, 
· For multiplexing on a PUCCH format 0, down-select from following options:

· Option 1: Treat the two bits as HARQ-ACK bits with HP priority and using R15 mapping rules.

· Option 2: Support HARQ-ACK values to CS indices mapping with unequal distance between mapped CS indices.

· For multiplexing on a PUCCH format 1, down-select from following options:

· Option 1: Treat the two bits as HARQ-ACK bits with HP priority and using R15 mapping rules.

· Option 2: Support transmit the 2-bits HARQ-ACK values via two orthogonal sequences S1 and S2.

· S1 and S2 are generated based on the same base sequence S with different CS indices CS1 and CS2.

· 1-bit is transmitted via sequence selection between S1 and S2, while the other bit is transmitted using the selected sequence following legacy Rel-15 PF1 with 1-bit payload. 

· gNB can signal either HP 1-bit or LP 1-bit is transmitted via sequence selection.




For the down selection of the options, simulation assumptions were discussed for link performance evaluation, however no agreements were reached. For the case total number of LP and HP HARQ-ACK bits is more than 2, in order to get comparable results among companies, some unclear simulation assumptions are need to be discussed or clarified for the alignment, such as coding rates, PUCCH resource size, 1-2 bit(s) coding scheme for separate coding, etc. 
For the case total number of bits is 2, treat the 2 bits as HP and using R15 mapping rules on PUCCH format 0 or 1 could be acceptable. As the multiplexing only adds 1 LP bits to the HP HARQ-ACK, and the R15 mapping rules for 2 bits HP HARQ-ACK could work, there is little motivation to further optimize for the 1 bit HP HARQ-ACK protection. This is different from the more than 2 bits case, that the multiplexing would add more LP bits to the HP resource, thus may impact the HP HARQ-ACK performance.
For the PUCCH resource used in case the total number of LP and HP HARQ-ACK bits is 2, similar as is agreed for more than 2 bits case to guarantee necessary reliability and low latency transmission for HP HARQ-ACK, the PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK) could be used for the multiplexing. The PUCCH format used is determined from the PUCCH resource configuration. 
Proposal 3: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH when the total number of bits is 2, 

· Treat the two bits as HARQ-ACK bits with HP and using R15 mapping rules.
· Use a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK).
3.2 Multiplexing a LP HARQ-ACK and a HP SR
In the last meeting, 3 cases for HP SR and LP HARQ-ACK multiplexing considering different PUCCH formats were identified for further study about the enhancement towards Rel-16 prioritization way. We discuss the 3 cases in this section.
1) A PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0
The Rel-15 mechanism to multiplex SR PF0 and HARQ-ACK PF0 with the same priority is to transmit PUCCH in the HARQ-ACK resource with different Mcs values selected from no SR multiplexed case. If the same mechanism is reused for the multiplexing of HP SR and LP HARQ-ACK, the reliability of HP SR may not be ensured due to transmission on the resource configured for LP. The enhancement for this case is to use the SR PUCCH resource to transmit the positive SR and HARQ-ACK with PF0. The same Mcs values as Rel-15 mechanism to multiplex SR and HARQ-ACK with PF0 could be reused on the SR PUCCH resource. To avoid using more cyclic shift values to differentiate negative SR on the SR resource, resource selection can be used. That is, for negative SR, the UE transmits only HARQ-ACK on the HARQ-ACK resource.
2) A PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1
When SR with PF0 collides with HARQ-ACK with PF1, the UE only transmits a PUCCH with the HARQ-ACK in the resource using PUCCH format 1 and SR is dropped in Rel-15. When SR is of high priority, dropping SR is not appropriate. To guarantee the reliability and latency for HP SR, SR resource is needed for the detection of the positive SR. Some companies proposed to drop HARQ-ACK for positive SR, this will cause PDSCH retransmission which is associated with the LP HARQ-ACK. A better approach could be the positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource. If the SR is negative, then HARQ-ACK is transmitted on the HARQ-ACK resource.
3) A PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0
It is similar for this case in Rel-15 to multiplex SR PF1 and HARQ-ACK PF0 with the same priority as to multiplex SR PF0 and HARQ-ACK PF0 with the same priority, i.e. PUCCH is transmitted in the HARQ-ACK resource. In rel-17 considering the reliability and latency for the HP SR, the HARQ-ACK is transmitted on the SR resource to indicate the positive SR. For negative SR, HARQ-ACK is transmitted on its HARQ-ACK resource.
Proposal 4: Resource selection is adopted in Rel-17 when a PUCCH carrying HP SR overlaps with a PUCCH carrying LP HARQ-ACK:
· When HP SR is positive, SR resource is used for the transmission.

· If SR resource corresponds to PF0, positive HP SR and LP HARQ-ACK are multiplexed using the cyclic shift values the same as in Rel-15.
· If SR resource corresponds to PF1, HARQ-ACK is transmitted on the SR resource to indicate the positive SR.
· When HP SR is negative, the UE transmits only LP HARQ-ACK on the HARQ-ACK resource.
4. Multiplexing UCI with different priorities on PUSCH
In the current specification, when a HARQ-ACK is multiplexed on the PUSCH, beta-offset value is dynamically indicated in the UL DCI or semi-statically configured by RRC to the UE. It is an offset between coding rate of PUSCH and HARQ-ACK, which is used to determine the resource size for UCI transmitted on the PUSCH. In Rel-17, considering different priorities of HARQ-ACK and PUSCH, the multiplexing of HARQ-ACK on PUSCH includes the following four cases:
1) Multiplexing a LP HARQ-ACK in a HP PUSCH

2) Multiplexing a HP HARQ-ACK in a LP PUSCH

3) Multiplexing a HP HARQ-ACK in a HP PUSCH

4) Multiplexing a LP HARQ-ACK in a LP PUSCH

It was agreed to support separate configurations of beta-offset values for multiplexing HARQ-ACK and PUSCH with different priority combinations, and 0< beta-offset <1 can be configured for multiplexing LP HARQ-ACK in a HP PUSCH. With the aim to not increase the corresponding bit width in the DCI, up to four sets of beta-offset values can be configured by RRC. When beta-offset value applied is indicated in DCI, the existing “beta_offset indicator” field can be reused where the indicated beta-offset is depended on the priority of HARQ-ACK and PUSCH. 
Another issue is whether to support beta-offset =0. If beta-offset =0 can be configured in the beta-offset value set for multiplexing a LP HARQ-ACK in a HP PUSCH and the UL grant DCI has the “beta_offset indicator” field, multiplexing a LP HARQ-ACK in a HP PUSCH could be dynamically enabled/disabled. This provides the flexibility without additional DCI overhead, thus it is preferred to be supported.
Proposal 5: Up to four sets of beta-offset values can be configured by RRC signalling corresponding to the four cases for multiplexing a LP HARQ-ACK in a HP PUSCH, a HP HARQ-ACK in a LP PUSCH, a HP HARQ-ACK in a HP PUSCH, a LP HARQ-ACK in a LP PUSCH.

· Beta-offset =0 can be configured in the value set for multiplexing a LP HARQ-ACK in a HP PUSCH.
Another parameter to control the resource used for UCI on PUSCH is alpha, which is a RRC configured scaling factor to limit the number of resource elements assigned to UCI. In Rel-16, it is supported to configure separate alpha values for high priority PUSCH and low priority PUSCH. It is to be decided whether further extension to configure more separate values is necessary for multiplexing HARQ-ACK and PUSCH with different priority combinations, i.e. more separate alpha configurations to further differentiate HP and LP HARQ-ACK on PUSCH based on Rel-16 separate configuration. As the number of REs occupied by HARQ-ACK piggybacked on PUSCH is determined by both alpha and beta_offset, and separate configuration of beta_offset is supported, the goal on controlling number of REs can be achieved by configuring beta_offset properly. Further extension to configuring more separate alpha values is of little additional benefit.
Proposal 6: For multiplexing HARQ-ACK and PUSCH with different priority combinations, there is no need for further extension to configure more separate alpha values.
5. Conclusion
In this contribution, we have following proposals on intra-UE multiplexing and prioritization:
Proposal 1: For multiplexing UCI/PUSCH with different priorities on PUCCH or PUSCH in R17, support RRC configuration to enable/disable the multiplexing as a base line.

Proposal 2: Multiplexing for channels with different priorities is allowed only when the ending symbol of PUCCH or PUSCH resource carrying the multiplexed UCI is no later than the ending symbol of channel carrying HP traffic.

Proposal 3: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH when the total number of bits is 2, 

· Treat the two bits as HARQ-ACK bits with HP and using R15 mapping rules.

· Use a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK).
Proposal 4: Resource selection is adopted in Rel-17 when a PUCCH carrying HP SR overlaps with a PUCCH carrying LP HARQ-ACK:

· When HP SR is positive, SR resource is used for the transmission.

· If SR resource corresponds to PF0, positive HP SR and LP HARQ-ACK are multiplexed using the cyclic shift values the same as in Rel-15.

· If SR resource corresponds to PF1, HARQ-ACK is transmitted on the SR resource to indicate the positive SR.
· When HP SR is negative, the UE transmits only LP HARQ-ACK on the HARQ-ACK resource.
Proposal 5: Up to four sets of beta-offset values can be configured by RRC signalling corresponding to the four cases for multiplexing a LP HARQ-ACK in a HP PUSCH, a HP HARQ-ACK in a LP PUSCH, a HP HARQ-ACK in a HP PUSCH, a LP HARQ-ACK in a LP PUSCH.

· Beta-offset =0 can be configured in the value set for multiplexing a LP HARQ-ACK in a HP PUSCH.

Proposal 6: For multiplexing HARQ-ACK and PUSCH with different priority combinations, there is no need for further extension to configure more separate alpha values.
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Appendix
Agreements achieved in RAN1 #102e：
Agreements:
Support multiplexing for following scenarios in R17:

· Multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH in R17.

· Multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK/SR PF combinations (FFS applicable combinations).

· Multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a high-priority SR into a PUCCH.

For the above multiplexing scenarios,

· FFS conditions, if needed, for the multiplexing, e.g

· Whether to support multiplexing between different resources not confined within a sub-slot.

· Whether to support multiplexing in case a PUCCH overlaps with more than one PUCCH.

· Timeline requirements.

· FFS: details, if needed, of the multiplexing scheme, e.g.

· How to minimize impact on the latency for high-priority HARQ-ACK.

· How to determine the PUCCH resource used for multiplexing (e.g. HP or LP PUCCH resource, or a dedicated PUCCH resource for the multiplexing).

· How to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling).

· How to encode the UCIs with different priorities (e.g. separate coding vs. joint coding)

· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).

· Explicit indication for enabling multiplexing.

· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).

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.
For the above multiplexing scenarios,
· Support separate configurations of at least beta-offset values (FFS for alpha) for multiplexing with different priority combinations.
· FFS for other separate configurations.

· FFS: value range of beta-offset (e.g. <1).

· FFS the conditions, if needed, for multiplexing, e.g.

· FFS: Whether to support multiplexing in case a PUCCH/PUSCH overlaps with more than one PUCCH/PUSCH.

· Timeline requirements.

· FFS: details, if needed, of the multiplexing scheme, e.g.

· How to minimize impact on the latency for high-priority HARQ-ACK.

· How to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling)?

· How to encode the UCIs with different priorities (e.g. separate coding vs. joint coding).

· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).

· Explicit indication for multiplexing.

· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).

· How to handle multiplexing of UCI of different priorities and CG-UCI in a CG-PUSCH

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.

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 achieved in RAN1 #103e：
Agreements:
For multiplexing UCIs of different priorities in a PUCCH in R17, 

· Support of multiplexing between different resources not confined within a sub-slot if conditions are met

· FFS: Details 

· Support multiplexing in case a PUCCH overlaps with more than one PUCCH if conditions are met
· FFS details

Agreements:
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 are more than 2 bits, down-select from the following options in RAN1#104-e:
l Option 1: Support joint coding.
l Option 2: Support separate coding.
l Option 3: Combination of Option1 and 2.
l FFS the details
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 bits, provide design details for decision for the following cases in RAN1#104-e:
·        Multiplexing on a PUCCH format 0
·        Multiplexing on a PUCCH format 1
Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, support a mechanism for gNB to enable/disable the multiplexing.
· FFS the type of the mechanism, e.g. DCI indication and/or RRC configuration
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI.
Agreements:
For HARQ-ACK multiplexing on PUSCH of different priority in R17, support a mechanism for gNB to enable/disable the multiplexing.
· FFS the type of the mechanism, e.g. DCI indication and/or RRC configuration, beta_offset=0
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI.
Agreements:
Support PHY prioritization of overlapping high-priority dynamic grant PUSCH and low-priority configured grant PUSCH on a BWP of a serving cell in R17.
· FFS the related cancelation behavior for the PUSCH of lower PHY priority and other details.
· First clarify what is the scope of this feature, e.g. if overlapping between more than 2 channels is considered.
· FFS the timeline requirements.
· First clarify what is the behavior of Rel-16 UE in case of DG/CG/UCI overlapping, with and without uplink skipping enabled.
· FFS UE capability for this feature.
· Note: The main bullet has been agreed in the WID by RAN Plenary.
Agreements achieved in RAN1 #104e：
Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, 

· Use a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK) at least in case the total number of LP and HP HARQ-ACK bits is more than 2.

· FFS: The PUCCH resource is configured dedicated for multiplexing of HP HARQ-ACK and LP HARQ-ACK.

· FFS in case the total number of LP and HP HARQ-ACK bits is 2.

· FFS details

 Working assumption:
Reuse Rel-15 intra-UE PUCCH/PUSCH multiplexing timeline requirements for Rel-17 intra-UE PUCCH/PUSCH multiplexing with different priorities

· FFS whether or not to specify a different behavior than Rel-15 when the timeline requirements are not met  
 Agreements:
For multiplexing LP HARQ-ACK in a HP PUSCH, support 0< beta-offset <1.
· FFS value(s)
· FFS to additionally support beta-offset =0 or a value disabling the multiplexing
· Aim to NOT increase the corresponding bitwidth in the DCI (compared to Rel-16)
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

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?
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