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1	Introduction 
At RAN1 #104-e, the following agreements were achieved:
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?

In this contribution, some aspects on intra-UE UCI multiplexing are discussed.
2         Multiplexing HARQ-ACK in PUCCH
The pros and cons respectively using separate coding and joint coding were extensively discussed when the total number of LP and HP HARQ-ACK bits is larger than 2 at RAN1#104e [1]. In our view, the major motivation of supporting multiplexing of UCIs with different priorities is to provide an additional opportunity for LP UCI transmission while the HP UCI has already been sufficiently protected. Therefore, the multiplexing should not degrade the performance of HP HARQ-ACK regardless of which approach (i.e., separate coding or joint coding) is applied. The link-level performance of the HP HARQ-ACK largely depends on the coding gain and the energy enjoyed per HARQ-ACK bit. The frequency diversity/selective could also contribute to some extent depending on the channel fading and PUCCH resource mapping. In this sense, joint coding may outperform separate coding due to larger channel coding gain and probably less CRC bits if proper LP HARQ-ACK bundling or compression is adopted. On the other hand, the separate channel coding has the potential to more efficiently exploit the resources for LP HARQ-ACK transmission. And also for separate coding, early decoding of the HP HARQ-ACK could be supported so that the processing latency of the HP HARQ-ACK could be reduced. In light of these, it is preferred by us that both separate coding and joint coding are supported. The condition(s) to determine which approach is applied can be for further discussion. Alternatively, the determination of a coding approach could be simply left to gNB configuration.
Proposal 1: Both separate coding and joint coding are supported when the total number of LP and HP HARQ-ACK bits is larger than 2.
It has been already agreed to multiplex a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a HP PUCCH when the total number of LP and HP HARQ-ACK bits is more than 2. It is still open how to determine the HP PUCCH resource used for this kind of multiplexing. Two issues need to be addressed:
· Issue#1: how to determine a set of candidate HP PUCCH resources for HP HARQ-ACK and LP HARQ-ACK multiplexing?
· Issue#2: how to determine a target HP PUCCH resource used for the HARQ-ACK multiplexing from the set of candidate HP PUCCH resources?
With regard to Issue#1, one way is to determine the HP PUCCH resource set by largely reusing the existing rules, i.e., the HP PUCCH resource set is determined out of a number of PUCCH resource sets configured by the second PUCCH-Config based on the number of information bits. The calculation of the number of information bits could vary according to different coding approaches (i.e., separate coding and joint coding). Alternatively, a dedicated set or subset of PUCCH resources could be configured for HP HARQ-ACK and LP HARQ-ACK multiplexing as proposed in [2]. Compared to sharing the multiplexing PUCCH resource with HP UCI only PUCCH resource, dedicated configuration of PUCCH resources for HP HARQ-ACK and LP HARQ-ACK multiplexing provide a possibility to avoid the ambiguity between gNB and UE on the multiplexing caused by mis-detection of LP DCI. In addition, dedicated PUCCH resource could provide more configuration flexibility in terms of independent maxPayloadSize setting. This could allow gNB to further optimize the coding rate and resource allocation for HP HARQ-ACK and LP HARQ-ACK multiplexing. And also, forward compatibility is expected by dedicated PUCCH resource configuration considering more complicated multiplexing of UCIs in future. The configuration of dedicated multiplexing PUCCH resources could be optional and shared HP HARQ-ACK PUCCH resources are used when the configuration is absent.
Proposal 2: Optional configuration of a set or subset of PUCCH resources dedicated for multiplexing of UCIs with different priorities is supported. 
There were some discussions at the last e-meeting on  the calculation of the number of information bits used for PUCCH resource set determination. In our view, for separate coding, the total number of information bits (i.e., the sum number of HP HARQ-ACK bits and LP HARQ-ACK bits) is used for the determination of a multiplexing PUCCH resource set or a PUCCH resource for the case of a dedicated set of multiplexing PUCCH resources is configured or for the case without corresponding DCI (i.e., SPS PDSCH). This is quite similar to the HARQ-ACK and CSI multiplexing. When joint coding is configured, the number of information bits input into channel coding encoder is used for the determination of multiplexing PUCCH resource set or PUCCH resource for the case of a dedicated set of multiplexing PUCCH resources is configured or for the case without corresponding DCI (i.e., SPS PDSCH).The input information bits include HP HARQ-ACK bits and LP information bits after bundling or compressing (if adopted).
Proposal 3: For separate coding, the sum number of HP HARQ-ACK bits and LP HARQ-ACK bits is used to determine the HP PUCCH resource set for HP HARQ-ACK and LP HARQ-ACK multiplexing; for joint coding, the sum number of HP HARQ-ACK bits and LP information bits derived by bundling or compressing (if adopted) is used to determine the HP PUCCH resource set for HP HARQ-ACK and LP HARQ-ACK multiplexing .
For Issue#2, it is natural to reuse the PRI carried by the HP DCI to determine the target HP PUCCH resource from the HP PUCCH resource set or from the dedicated PUCCH resource set. When there is no HP DCI corresponding to the HP HARQ-ACK (e.g., for SPS PDSCH), the existing rule for PUCCH resource selection corresponding to SPS PDSCH could be reused. The number of information bits input into the selection procedure is calculated following the same way as Proposal 3.
Proposal 4: When HP DCI corresponding to the HP HARQ-ACK is available, the PRI contained in HP DCI is used to determine the target HP PUCCH resource from the HP PUCCH resource set; when HP DCI corresponding to the HP HARQ-ACK is unavailable (i.e., SPS PDSCH), the number of information bits is used to determine the HP PUCCH resource based on existing rules for SPS PDSCH. 
3         Multiplexing HARQ-ACK in PUSCH
It was agreed at RAN1 #102e to support multiplexing an LP HARQ-ACK in a HP PUSCH and a HP HARQ-ACK in an LP PUSCH in Rel-17. For the case of multiplexing an HP HARQ-ACK in a LP PUSCH, when the HP HARQ-ACK is associated with a later HP DCI while the LP PUSCH is scheduled by an earlier DCI, as shown in Figure 1, the UE may not be able to re-execute the rate matching and resource mapping by taking into account the HP HARQ-ACK multiplexing as the LP PUSCH (which may also include LP UCI) has already been prepared. Puncturing could be one possible solution for this problem. Alternatively, the UE could expect that the multiplexing of HP HARQ-ACK in an LP PUSCH is enabled by gNB ( by RRC or DCI) only when a certain timeline criteria between the earlier LP DCI and the later HP DCI  and/or a certain timeline criteria between the later HP DCI and the LP PUSCH are met.
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Figure 1． multiplexing of a HP HARQ-ACK associated to a later DCI and an LP PUSCH scheduled by an earlier DCI
Proposal 5:  When multiplexing of a HP HARQ-ACK associated to a later DCI and a LP PUSCH scheduled by an earlier DCI is enabled, two possible solutions could be considered:
· The HP HARQ-ACK is punctured on the LP PUSCH;
· The multiplexing is expected to be applied only when certain timeline criterion are met.
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 6: Separate configuration of scaling factors (“alpha”) is supported for UCI-PUSCH multiplexing with different priority combinations. 
4         Multiplexing Enabling/Disabling
It is still undecided how to enable/disable UCI multiplexing for different priorities and UCI-PUSCH multiplexing for different priorities. Two options were discussed at the last e-meeting. These two options are:
· Option 1: DCI indication;
· Option 2: RRC configuration
In our view, these two options are not mutually exclusive. The DCI indication could be used on top of RRC configuration. When the DCI indication is unavailable or absent (e.g., fallback DCI or SPS PDSCH), the RRC configuration is followed. The DCI indication can allow the network to dynamically and timely control the multiplexing considering different conditions and requirements. It can also avoid defining further implicit restrictions to ensure the reliability and latency of the HP UCI or the HP PUSCH when multiplexing is enabled by RRC configuration. The exact DCI design could be for further study.
Proposal 7: Dynamic enabling/disabling by DCI for UCI-UCI multiplexing and UCI-PUSCH multiplexing with different priorities is supported on top of RRC configuration. 
5         Multiplexing of HARQ-ACK and SR
According to the discussions at the last e-meeting, three cases get interest from most companies. The three cases are:
· Case 1 (original Case 2 in the summary[1]): a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0;
· Case 2 (original Case 4 in the summary[1]): a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1;
· Case 3 (original Case 1 in the summary[1]): a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0
A number of candidate solutions were proposed by companies. In general, for all these three case, 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 8: 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 9: 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 10: 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         Conclusions
In this contribution, several aspects on the multiplexing of UCIs with different priorities are discussed. The following proposals are drawn based on the discussions:
Proposal 1: Both separate coding and joint coding are supported when the total number of LP and HP HARQ-ACK bits is larger than 2.
Proposal 2: Optional configuration of a set or subset of PUCCH resources dedicated for multiplexing of UCIs with different priorities is supported. 
Proposal 3: For separate coding, the sum number of HP HARQ-ACK bits and LP HARQ-ACK bits is used to determine the HP PUCCH resource set for HP HARQ-ACK and LP HARQ-ACK multiplexing; for joint coding, the sum number of HP HARQ-ACK bits and LP information bits derived by bundling or compressing (if adopted) is used to determine the HP PUCCH resource set for HP HARQ-ACK and LP HARQ-ACK multiplexing .
Proposal 4: When HP DCI corresponding to the HP HARQ-ACK is available, the PRI contained in HP DCI is used to determine the target HP PUCCH resource from the HP PUCCH resource set; when HP DCI corresponding to the HP HARQ-ACK is unavailable (i.e., SPS PDSCH), the number of information bits is used to determine the HP PUCCH resource based on existing rules for SPS PDSCH. 
Proposal 5:  When multiplexing of a HP HARQ-ACK associated to a later DCI and a LP PUSCH scheduled by an earlier DCI is enabled, two possible solutions could be considered:
· The HP HARQ-ACK is punctured on the LP PUSCH;
· [bookmark: _GoBack]The multiplexing is expected to be applied only when certain timeline criterion are met.
Proposal 6: Separate configuration of scaling factors (“alpha”) is supported for UCI-PUSCH multiplexing with different priority combinations.
Proposal 7: Dynamic enabling/disabling by DCI for UCI-UCI multiplexing and UCI-PUSCH multiplexing with different priorities is supported on top of RRC configuration. 
Proposal 8: 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 9: 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 10: 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.
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