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1   Introduction 
At previous meeting, an multiplexing framework was agreed and good progress was achieved for intra-UE multiplexing [1].  In this contribution, further details of intra-UE UCI multiplexing are discussed based on the latest progress.
2   Multiplexing Framework
At RAN1 #106-e, the following framework for Rel-17 intra-UE multiplexing was agreed as a working assumption:
Working Assumption
For handling overlapping PUCCHs/PUSCHs with different priorities in R17 
· Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority
· Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities 
Note: Avoid recursive pseudo-code to implement this procedure
Note: It is expected that Rel-15 intra-UE UCI multiplexing timeline will be applicable
Different multiplexing frameworks were intensively discussed at RAN1#106e and in the end the framework above was agreed as a working assumption for its simplicity. By this framework, the existing multiplexing principles/rules/pseudo codes could be largely leveraged. Recursive pseudo-codes could be avoided by carefully managing Step 2 of the framework, so we don’t see any problem for confirming the working assumption.
Proposal 1: Confirm the working assumption for the multiplexing framework achieved at RAN1#106-e.
3   Multiplexing HARQ-ACK on PUCCH
3.1 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 PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is more than 2, support separate coding for the two HARQ-ACKs.
· FFS for HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s).
· (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 order to not increase the number of channel encoders, the working assumption that CSI (including part 1 and part2, if exist) is dropped if CSI would multiplex in a PUCCH which has HP A/N was made. In our view, the limitation of the number of channel encoders is very critical for not increasing UE implementation complexity. Some companies at the last meeting proposed to not drop CSI part I when the resource is sufficient. Although keeping CSI part 1 can still ensure not increased number of channel encoders, it would complicate the multiplexing design. For simplicity and considering CSI on PUCCH is of low priority, we prefer to confirm the working assumption as it is.
Proposal 2: Confirm the working assumption that CSI (including part 1 and part2, if exist) is dropped if CSI would multiplex on a PUCCH which has HP A/N. 
Different coding schemes were discussed for the HP HARQ-ACK or LP HARQ-ACK of 1-2 bit(s) at RAN1 #105-e and the following agreements were made:
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 for CSI. 1) the worse performance compared to existing repetition and simplex coding schemes as shown in [4] 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) different channel encoders for HP HARQ-ACK and LP HARQ-ACK multiplexing in PUCCH and PUSCH may increase implementation complexity; 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 pros and cons analyzed above and limited time left for this topic, it is a much safer choice to reuse the justified coding schemes for HP HARQ-ACK and LP HARQ-ACK multiplexing.
Proposal 3: Option 1 is supported, i.e., R15 TS 38.212 Clause 5.3.3.1 is reused for 1-bit and R15 TS 38.212 Clause 5.3.3.2 is reused for 2-bit.
3.2 Rate matching
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-1 and PF2 LP A/N reuses rate matching equation in Rel-15 for PF3/4 CSI-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.
3.3 PUCCH resource determination and PRB number determination
At RAN1 #104-e and RAN1#106-e, the following agreements were achieved for PUCCH resource determination:
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
Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17,
· PUCCH resource set determination is based on: UCI payload size = the number of HP UCI bits + the number of LP UCI bits.
· FFS PRB number determination for HP A/N and LP A/N, e.g. based on their coding rates.
· FFS the impact to the number of LP UCI bits due to missed DCI and potential solutions
· Note: the number of LP UCI bits in the above agreement does may not necessarily mean the actual number of LP UCI bits until the second FFS is resolved
Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, an additional maxCodeRate for LP HARQ-ACK can be configured in the second PUCCH-Config per PUCCH format.
In a general procedure for Rel-15/16, a PUCCH resource set is firstly determined according to the UCI payload size then a PUCCH resource is determined in the PUCCH resource set based on PRI and corresponding PDCCH CCE index (if necessary).  A PRB number is determined within the PUCCH resource according to the UCI payload size. The existing frameworks for PUCCH resource determination and PRB number determination may need be re-examined for HP HARQ-ACK and LP HARQ-ACK multiplexing.
Case 1: the total number of LP and HP HARQ-ACK bits is 2.
In this case, sequence based PUCCH (i.e., PF0 and PF1) is applied. Two options were proposed at RAN 1#105e for PUCCH resource determination as below: 
· 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.
The rationale for Option 1 is the HP PUCCH resource is more likely to guarantee the reliability and latency for HP HARQ-ACK than LP PUCCH resource. However, performance of sequence detection (e.g., in terms of false alarm rate) may be degraded by multiplexing the LP HARQ-ACK bit due to the reduced minimum distance of two adjacent cyclic shift values. Option 2 may be able to provide higher reliability by accumulating more energy, but at the risk of increased latency. In our view, the reliability problem for Option 1 could be alleviated by optionally configuring dedicated PUCCH resource(s) for HP HARQ-ACK and LP HARQ-ACK multiplexing when the total number of LP and HP HARQ-ACK bits is 2. This can also mitigate the ambiguity problem caused by LP DCI mis-detection.
Proposal 5: A PUCCH resource in the second PUCCH-Config (i.e., the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK) is used for multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK in case the total number of LP and HP HARQ-ACK bits is 2. 
Proposal 6: Dedicated PUCCH resource(s) could be optionally configured for HP HARQ-ACK and LP HARQ-ACK multiplexing in case the total number of LP and HP HARQ-ACK bits is 2.
Case 2: the total number of LP and HP HARQ-ACK bits is more than 2.

In addition to PUCCH resource set determination, UCI payload size in Rel-15/16 is also used to determine the number of actually occupied PRBs among the PRBs contained in an indicated PUCCH resource. The number of actually occupied PRBs satisfies  and   , where the configured code rate  is the same as  defined in TS38.212.  can incorporate HARQ-ACK bits, SR bits and/or CSI bits. This kind of PRB number determination could save PRB resources when the PUCCH resource indicated by PRI is excessive.
At last meeting, it was agreed that Rel-15/16 procedure is reused for PUCCH resource set determination (i.e., PUCCH resource set is determined based on UCI payload size = the number of HP UCI bits + the number of LP UCI bits). An open question is whether the total UCI payload size could be also used for PRB number determination. In our view, a unified solution for PUCCH resource set determination and PRB number determination could facilitate PUCCH resource configuration. Otherwise, it may be pretty complicated to handle the discrepancy between the resource set configuration and actually required number of PRBs taking different combinations of HP coding rate and LP coding rate into account. On the other hand, larger frequency diversity and possibly larger power due to more PRBs could also be beneficial for HP HARQ-ACK reliability. Potential resource waste could be avoided/mitigated (if deemed necessary by gNB) by indicating a PRI pointing to a PUCCH resource with less PRBs than the calculated number based on the total UCI payload size as shown in Figure 1. LP HARQ-ACK could be dropped for simplicity if there is no sufficient resource for both HP HARQ-ACK and LP HARQ-ACK. The coding rate configured for LP HARQ-ACK could be used to determine whether a PUCCH resource indicated by PRI is sufficient or not when the number of PRBs calculated based on total UCI payload size is larger than the number of PRBs contained by the PUCCH resource.


Figure 1． PRB number determination based on total UCI payload size = the number of HP UCI bits + the number of LP UCI bits 
Proposal 7: PUCCH PRB number determination for HP A/N and LP A/N is based on: UCI payload size = the number of HP UCI bits + the number of LP UCI bits. 
3.4 Ambiguity caused by DCI mis-detection
A number of candidate solutions were proposed at previous meetings to address the problem of ambiguity on LP HARQ-ACK existence or LP HARQ-ACK type-2 codebook size due to DCI mis-detection as show below. 
· 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.
In our view, Option 1 and Option 2 belong to a same category, in which the ambiguity problem is addressed based on gNB blind detection (e.g., sequence based detection). This kind of approach could be more suitable for the case where the total number of LP and HP HARQ-ACK bits is 2 because the sequence designs for PF0/1 provide good cross correlation property hence guaranteed detection performance. However, for PF2/3/4 gNB blind detection (e.g, based on DMRS) can mitigate the problem but cannot thoroughly resolve the problem. And also, relying the decoding reliability of HP HARQ-ACK for PF2/3/4 on gNB blind detection may not be a sensible way.  
Option 3a and Option 3b could be applied jointly, i.e., RRC configures the reference size. The logic of Option 3a and Option 3b is that LP HARQ-ACK is served in a best-effort way while the reliability of HP HARQ-ACK is safely guaranteed. This logic makes much sense and the only issue is to define dropping or padding behaviors. Note that, if a reference codebook size is configured, the reference codebook size instead of the actual codebook size is input into the PUCCH resource set and PUCCH PRB number determination procedures (i.e., the number of LP UCI bits in Section 3.3 is the reference LP HARQ-ACK codebook size). 
Option 4 and Option 5 rely on HP DCI indication to address the ambiguity. It is expected to bring large extra overhead to DCI payload as the number range of LP HARQ-ACK bits or potential RB could be large. In addition, Option 4 and Option 5 could not be used for non-DCI case.
Proposal 8: A reference LP type 2 HARQ-ACK codebook size is used for PUCCH resource set determination and/or PUCCH PRB number determination.  The configuration of the reference size is FFS.
3.5 HP HARQ-ACK and LP HARQ-ACK Multiplexing/RE Mapping
It is still undecided how to perform the multiplexing/RE mapping for PUCCH format 2(PF2). In existing PF2, a single coding chain is supported so there is no coded bit multiplexing. In order to support HP HARQ-ACK and LP HARQ-ACK in a PUCCH with PF2, two output bit sequences of separate channel encoders need to be multiplexed together similarly to PF3/4. Frequency diversity can be harvested based on frequency hopping for PF3 and PF4.  To also gain the frequency diversity for PF2 especially when large number of PRBs are configured, interleaved or distributed multiplexing of HP HARQ-ACK and LP HARQ-ACK should be supported. An example for the interleaved multiplexing is shown in Figure 2.


Figure 2． Interleaved multiplexing of HP HARQ-ACK and LP HARQ-ACK
Proposal 9: Interleaved multiplexing/RE mapping of HP HARQ-ACK and LP HARQ-ACK is supported when HP HARQ-ACK and LP HARQ-ACK are multiplexed in PUCCH with PF2. 
It is still undecided how to enable/disable HARQ-ACK multiplexing for different priorities on PUCCH. Two options were discussed for several meetings. These two options are:
· Option 1: DCI indication;
· Option 2: RRC configuration
Firstly, in our view these two options are not mutually exclusive. The DCI indication could be used on top of RRC configuration. DCI indication can disable the multiplexing only when RRC has already enabled it. Secondly, no new field is needed for DCI based enabling/disabling. The PRI could be reused to disable the multiplexing. If PRI points to a PUCCH resource that cannot accommodate both HP HARQ-ACK and LP HARQ-ACK simultaneously, then LP HARQ-ACK is dropped, which equally means that HP and LP multiplexing is disabled if there is no enough resource for both HP and LP HARQ-ACK. For the case where DCI indication is unavailable or absent (e.g., fallback DCI or SPS PDSCH), RRC configuration is followed.
Proposal 10: HP HARQ-ACK and LP HARQ-ACK multiplexing in PUCCH is disabled if the PRI in DCI indicates a PUCCH resource that cannot accommodate both HP HARQ-ACK and LP HARQ-ACK.
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.
In Rel-15/Rel-16, at most three encoding chains are used for UCI multiplexing on PUSCH, i.e., one encoding chain for HARQ-ACK, one encoding chain for CSI part1 and one encoding chain for CSI part 2. Similarly to separate coding for HP HARQ-ACK and LP HARQ-ACK in PUCCH, LP CSI part 2 (if exists) should be dropped when HP HARQ-ACK and LP HARQ-ACK are multiplexed in a LP PUSCH, to not exceed the number of encoding chains supported in Rel-15/16. 
Proposal 11: LP CSI part 2 (if exists) is dropped when HP HARQ-ACK and LP HARQ-ACK are multiplexed in a LP PUSCH.
For the case of LP HARQ-ACK multiplexed in HP PUSCH, 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 long 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 12: Multiplexing of LP HARQ-ACK in a HP PUSCH is not supported when HP A/N and HP CSI part 2 simultaneously exist in the HP PUSCH. 
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 13: Separate configuration of scaling factors (“alpha”) is supported for UCI-PUSCH multiplexing with different priority combinations. 
4.3 Data and control multiplexing
In Rel-15 and Rel-16, UL-SCH bits (if exist) and UCI bits of different types are multiplexed in a PUSCH step by step according to the pseudo-codes defined in TS38.212. In general, HARQ-ACK bits are mapped onto the REs close to the reference signal REs while CSI bits are mapped from the starting symbol of PUSCH. UL-SCH bits (if exist) are mapped onto the remaining REs. 1 or 2 HARQ-ACK bit(s) may puncture CSI bits or UL-SCH bits depending on the amount of CSI bits. The logic behind this kind of multiplexing is that the performance of HARQ-ACK bits is firstly ensured, then the performance of CSI bits is ensured, the performance of UL-SCH the last. This is reasonable as no LP and HP multiplexing. The multiplexing steps or rules may need to be revisited for LP and HP multiplexing cases.
Case 1: HP HARQ-ACK in LP PUSCH:
In this case, the performance of HP HARQ-ACK should be firstly guaranteed, so a straightforward way is to replace LP HARQ-ACK with HP HARQ-ACK and LP HARQ-ACK is treated similarly to LP CSI. However, in this way, the LP HARQ-ACK performance may be degraded and the DTX of LP HARQ-ACK may bring error propagation problem to LP CSI and LP UL-SCH. To address these problems, we propose to concatenate coded LP HARQ-ACK bits to coded HP HARQ-ACK bits to form an extended sequence of coded HARQ-ACK bits. The extended sequence of coded HARQ-ACK bits is multiplexed on the LP PUSCH in a same way as legacy coded HARQ-ACK bits.
Proposal 14: Coded LP HARQ-ACK bit(s) (if exist) is(are) concatenated to coded HP HARQ-ACK bits as an input to the HARQ-ACK in PUSCH multiplexer.
Case 2: LP HARQ-ACK in HP PUSCH:
Similarly to Case 1, coded bits of LP HARQ-ACK could be concatenated to coded HP HARQ-ACK bits or to coded HP CSI bits to obtain an extended sequence of HARQ-ACK bits or an extended sequence of CSI bits. The extended sequence could be multiplexed in HP PUSCH in a similar way as HP HARQ-ACK or HP CSI. However, the performance of HP UL-SCH and HP UCI, in terms of decoding latency and robustness, may be degraded especially when the number of coded LP HARQ-ACK bits is large. Alternatively, LP HARQ-ACK could be multiplexed on the last symbols of the HP PUSCH while frequency-first, time-second resource mapping is still maintained, as shown in Figure 3. In this way, the impact to HP UL-SCH and HP UCI due to the multiplexing of LP HARQ-ACK could be minimized.


Figure 3． Multiplexing of LP HARQ-ACK on HP PUSCH
Proposal 15: LP HARQ-ACK is multiplexed on a number of last symbols occupied by the HP PUSCH.
The existing puncturing or rate matching mechanism is reused for the LP HARQ-ACK multiplexing in HP PUSCH.
4.4 Multiplexing Enabling/Disabling
In Rel-15/Rel-16, dynamic enabling/disabling has already been supported for UCI multiplexing in PUSCH based on UL DAI indication. 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 16:  for Type-1 HARQ-ACK codebook or  for Type-2 HARQ-ACK codebook disables multiplexing of HARQ-ACK in PUSCH with different priorities. 
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 4, 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 supported 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 4． multiplexing of a HP HARQ-ACK associated to a later DCI and an LP PUSCH scheduled by an earlier DCI
Proposal 17:  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 (or a hybrid of the two solutions) could be considered:
· The HP HARQ-ACK is punctured in the LP PUSCH;
· The multiplexing is expected to be applied only when certain timeline criterion are met.
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 18: 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 19: 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 20: 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: Confirm the working assumption for the multiplexing framework achieved at RAN1#106-e.
Proposal 2: Confirm the working assumption that CSI (including part 1 and part2, if exist) is dropped if CSI would multiplex on a PUCCH which has HP A/N. 
Proposal 3: Option 1 is supported, i.e., R15 TS 38.212 Clause 5.3.3.1 is reused for 1-bit and R15 TS 38.212 Clause 5.3.3.2 is reused for 2-bit.
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: A PUCCH resource in the second PUCCH-Config (i.e., the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK) is used for multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK in case the total number of LP and HP HARQ-ACK bits is 2. 
Proposal 6: Dedicated PUCCH resource(s) could be optionally configured for HP HARQ-ACK and LP HARQ-ACK multiplexing in case the total number of LP and HP HARQ-ACK bits is 2.
Proposal 7: PUCCH PRB number determination for HP A/N and LP A/N is based on: UCI payload size = the number of HP UCI bits + the number of LP UCI bits. 
Proposal 8: A reference LP type 2 HARQ-ACK codebook size is used for PUCCH resource set determination and/or PUCCH PRB number determination.  The configuration of the reference size is FFS.
Proposal 9: Interleaved multiplexing/RE mapping of HP HARQ-ACK and LP HARQ-ACK is supported when HP HARQ-ACK and LP HARQ-ACK are multiplexed in PUCCH with PF2. 
Proposal 10: HP HARQ-ACK and LP HARQ-ACK multiplexing in PUCCH is disabled if the PRI in DCI indicates a PUCCH resource that cannot accommodate both HP HARQ-ACK and LP HARQ-ACK.
Proposal 11: LP CSI part 2 (if exists) is dropped when HP HARQ-ACK and LP HARQ-ACK are multiplexed in a LP PUSCH.
Proposal 12: Multiplexing of LP HARQ-ACK in a HP PUSCH is not supported when HP A/N and HP CSI part 2 simultaneously exist in the HP PUSCH. 
Proposal 13: Separate configuration of scaling factors (“alpha”) is supported for UCI-PUSCH multiplexing with different priority combinations. 
Proposal 14: Coded LP HARQ-ACK bit(s) (if exist) is(are) concatenated to coded HP HARQ-ACK bits as an input to the HARQ-ACK in PUSCH multiplexer.
Proposal 15: LP HARQ-ACK is multiplexed on a number of last symbols occupied by the HP PUSCH.
Proposal 16:  for Type-1 HARQ-ACK codebook or  for Type-2 HARQ-ACK codebook disables multiplexing of HARQ-ACK in PUSCH with different priorities. 
Proposal 17:  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 (or a hybrid of the two solutions) could be considered:
· The HP HARQ-ACK is punctured in the LP PUSCH;
· The multiplexing is expected to be applied only when certain timeline criterion are met.
Proposal 18: 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 19: 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 20: 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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