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1. Introduction
In RAN1#107-e meeting (and RAN#94-e meeting), following agreements were made to support intra-UE multiplexing and prioritization in Rel-17 [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. 

Conclusion
There is no consensus in RAN1 to support simultaneous PUCCH/PUSCH transmission of same priority over different cells in Rel-17.

Conclusion
There is no consensus in RAN1 to support simultaneous PUCCH/PUSCH transmissions on different cells for intra-band CA in Rel-17.

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.
· […]

Agreement
For collision of LP DG-PUSCH and HP CG-PUSCH of different priorities, the cancellation is applied per actual repetition, if LP DG-PUSCH and/or HP CG-PUSCH is repeated.

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.
Note: Apple raised concern on CSI being dropped unnecessarily which could cause performance and degrade usefulness of URLLC enhancement.

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.

Agreement
For determining the PUCCH resource to carry the multiplexed high-priority and low-priority HARQ-ACKs, if  
· The number of RBs is . Then follow Rel-15 procedure, i.e., LP HARQ-ACK is mapped to the rest REs after HP HARQ-ACK.

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.

Agreement
For collision of HP DG-PUSCH and LP CG-PUSCH, the cancellation is applied per actual repetition, if HP DG-PUSCH and/or LP CG-PUSCH is repeated.



In this contribution, we discuss and provide our views on the intra-UE multiplexing procedure/behavior, in terms of processing, multiplexing, and mapping UCIs with different priority on PUCCH and PUSCH.

2. Multiplexing of UCI/PUSCH with different priority
Regarding the multiplexing of UCIs with different priority on a same PUCCH/PUSCH, several aspects need to be taken into account as the followings, in terms of UCI processing/multiplexing/mapping and overall UCI multiplexing procedure. 

2.1. General aspects

· Overall multiplexing procedure
Regarding the overall procedure (steps) for the inter-priority multiplexing of UCIs on PUCCH/PUSCH, the following was finally agreed through RAN1#106bis-e and RAN1#107-e.

1) Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority
2) Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities 
A. Step 2.1: Resolve collision of LP PUCCHs and HP PUCCHs.
B. Step 2.2: Resolve collision of PUCCHs and PUSCHs of different priorities.

Moreover, to resolve collision of PUCCHs and/or PUSCHs with different priorities in Step 2, it was finally agreed in RAN1#107-e and RAN#94-e that the multiplexing of PUCCHs and/or PUSCHs with different priorities is enabled (or disabled) by RRC, and also agreed to apply the following UE assumption/behaviour if the above multiplexing is enabled by RRC.

· 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.

On the FFS point (“the overlapping channels are resultant channels after Step 1”) in above, if it is concluded not to allow (i.e., not to be expected) that Rel-15 multiplexing timeline is not met for the resultant channels after Step 1, it means that the case when the timeline requirements are not met would be treated as an error case and then the UE behaviour would be remained as undefined in this case. However, it seems to be undesirable since even in case where the UL multiplexing between different priorities is enabled by gNB, the gNB should be able to schedule urgent HP DL/UL traffic without considering the timeline for multiplexing with LP PUCCH/PUSCH, for example, by overriding the LP PUCCH/PUSCH resources already. In other words, it would not be reasonable that HP PUCCH/PUSCH is treated as an error just due to not satisfying the timeline requirements with LP PUCCH/PUSCH. 
For the above reason, it would be desirable to proceed the multiplexing and transmission at least for HP PUCCH/PUSCH (if the timeline requirements among the HP PUCCH/PUSCH are met) even in case when the timeline requirements with LP PUCCH/PUSCH are not met. To be specific, if the intra-priority multiplexing timeline requirements are met per each of LP PUCCH/PUSCH and HP PUCCH/PUSCH but the inter-priority multiplexing timeline requirements are not met, then the UE would proceed the multiplexing/transmission only for the HP by dropping the LP.

Proposal #1: Allow the case that Rel-15 multiplexing timeline is not met for the overlapping of the resultant channels after Step 1.
· The UE would proceed the multiplexing and transmission for HP PUCCH/PUSCH (if the timeline requirements among the HP PUCCH/PUSCH are met) in case when the timeline requirements with LP are not met.

· One-to-multiple overlapping cases
In Step 2, according to the outcomes from Step 1, there could be following four cases where one channel (with longer time unit, for example, slot) with a priority overlaps with multiple channels (with shorter time unit, for example, sub-slot) with another priority. 

1) Case 1: one LP (HARQ-ACK) PUCCH overlaps with multiple HP PUCCHs
2) Case 2: one LP PUSCH overlaps with multiple HP PUCCHs
3) Case 3: one HP PUCCH overlaps with multiple LP PUCCHs
4) Case 4: one HP PUSCH overlaps with multiple LP (HARQ-ACK) PUCCHs

Firstly, for Case 1, multiplexing between LP PUCCH and HP PUCCH would need to be supported by multiplexing the LP PUCCH with one of the HP PUCCHs. LP HARQ-ACK of the LP PUCCH would be multiplexed into a sub-slot corresponding to one selected from the multiple HP PUCCHs. Considering that at least the multiplexing between LP HARQ-ACK and HP HARQ-ACK on a HP PUCCH is surely supported, it is quite reasonable to select a HP PUCCH with HP HARQ-ACK (precisely, the first HP PUCCH with HP HARQ-ACK satisfying the multiplexing timeline) for the multiplexing with LP HARQ-ACK.
Secondly, for Case 2, handling between LP PUSCH and HP PUCCHs may need to be supported, and in this case, it can be considered to drop LP PUSCH.
Thirdly, for Case 3, handling (or multiplexing) between HP PUCCH and LP PUCCHs doesn’t seem to be necessary since it can be considered as corner case and can be avoided by gNB.
Lastly, for Case 4, considering the case where HP PUSCH and LP PUSCHs are on different cells with different SCSs (for example, SCS of HP PUSCH is smaller than that of LP PUCCH), multiplexing/handling between HP PUSCH and LP PUCCHs may need to be supported. Considering UE complexity and the multiplexing timeline, it is reasonable to multiplex LP UCI of the first overlapping LP PUCCH satisfying the timeline on the HP PUSCH while other LP PUCCHs are dropped.

Proposal #2: Consider following four overlapping cases and to support multiplexing/handling behaviours for each case.
· Case 1: one LP (HARQ-ACK) PUCCH overlaps with multiple HP PUCCHs
· LP HARQ-ACK of the LP PUCCH would be multiplexed into a sub-slot corresponding to one selected from the multiple HP PUCCHs.
· A HP PUCCH with HP HARQ-ACK (precisely, the first HP PUCCH with HP HARQ-ACK satisfying the multiplexing timeline) is selected for the multiplexing with LP HARQ-ACK.
· Case 2: one LP PUSCH overlaps with multiple HP PUCCHs
· Dropping LP PUSCH can be considered in this case.
· Case 3: one HP PUCCH overlaps with multiple LP PUCCHs
· Handling is not necessary. (it can be avoided by gNB).
· Case 4: one HP PUSCH overlaps with multiple LP (HARQ-ACK) PUCCHs
· LP HARQ-ACK of only one selected from the multiple LP PUCCHs would be multiplexed on the HP PUSCH.
· A LP PUCCH firstly overlapping (and satisfying the multiplexing timeline) with HP PUSCH is selected for the multiplexing on the HP PUSCH while other LP PUCCHs are dropped.

2.2. PUCCH-specific aspects

· Encoding/mapping of different priority UCIs
Regarding the encoding for low priority (LP) UCI (e.g. HARQ-ACK) and high priority (HP) UCI multiplexed on a same PUCCH, there are several issues as below.

1) Issue 1: How to perform encoding for the case with HP HARQ-ACK of up to 2 bits and/or LP HARQ-ACK of up to 2 bits 
2) Issue 2: How to handle CSI (with part 1 and/or part 2) if the CSI would multiplex with HP HARQ-ACK on a same PUCCH
3) Issue 3: How to multiplex (or perform encoding for) HP HARQ-ACK and LP HARQ-ACK on PUCCH format 2

Firstly, regarding the Issue 1, currently separate encoding for the UCI of up to 2 bits on PUCCH is not supported and not defined in the specification. In this case, if the encoding scheme (e.g., repetition coding) used for UCI on PUSCH is applied, the maximum UCI coding rate currently configured considering the coding gain of RM code and polar code, needs to additionally cover that of the repetition code. For this reason, to minimize impacts to the specification as well as UE implementation, it can be considered to apply RM coding with simple bit-padding (to make 3-bit payload) so that current UCI coding chains/procedures are reused as it is without any spec change. 

Proposal #3: Apply RM coding with bit-padding for HP/LP HARQ-ACK of up to 2 bits (in case when the total number of LP and HP HARQ-ACK bits is more than 2), in order to minimize impacts to the specification as well as UE implementation.

Secondly, regarding the Issue 2, just dropping both CSI part 1 and 2 might be able to make UE behaviour a bit simpler, but by doing so, the gNB would not be able to acquire sufficient CSI feedback used for scheduling of PDSCH toward the same UE. For this reason, it is preferred to support multiplexing of HP HARQ-ACK and at least CSI part 1 (and/or LP HARQ-ACK) on a PUCCH (at least for PUCCH format 3/4). For an example, in case with HP HARQ-ACK and CSI (without LP HARQ-ACK), the HP HARQ-ACK and CSI part 1 can be separately encoded where CSI part 2 is dropped. For another example, in case with HP HARQ-ACK and LP HARQ-ACK and CSI, the LP HARQ-ACK and CSI part 1 can be jointly encoded and the HP HARQ-ACK can be solely encoded where CSI part 2 is dropped. 

Proposal #4: Consider the following UE behaviour for the multiplexing of CSI at least on PUCCH format 3/4.
· In case with HP HARQ-ACK and CSI (without LP HARQ-ACK), the HP HARQ-ACK and CSI part 1 can be separately encoded where CSI part 2 is dropped. 
· In case with HP HARQ-ACK, LP HARQ-ACK and CSI, the LP HARQ-ACK and CSI part 1 can be jointly encoded and the HP HARQ-ACK can be solely encoded where CSI part 2 is dropped.

Thirdly, regarding the Issue 3, since currently at most 1 encoding chain is used for UCI multiplexing on PUCCH format 2, there can be several alternatives to multiplex (or perform encoding for) HP HARQ-ACK and LP HARQ-ACK on the PUCCH format 2 as below.

1) Alt 1: apply separate encoding for HP HARQ-ACK and LP HARQ-ACK
2) Alt 2: encode/transmit HP HARQ-ACK only by dropping LP HARQ-ACK
3) Alt 3: apply joint encoding for HP HARQ-ACK and LP HARQ-ACK

With Alt 1, LP HARQ-ACK can be multiplexed/transmitted with HP HARQ-ACK, but the (maximum) number of encoding chains on PUCCH format 2 would need to be increased to 2. With Alt 2, current number of encoding chains on PUCCH format 2 can be kept, but LP HARQ-ACK would be lost in gNB side even though short PUCCH format 2 is likely to be used for URLLC. With Alt 3, LP HARQ-ACK can be multiplexed/transmitted with HP HARQ-ACK similarly with Alt 1, but it would cause making an exceptional case reverting the above agreement on separate encoding. 

Among three alternatives, Alt 1 is preferred in terms of supporting to multiplex/transmit HP and LP HARQ-ACK on a PUCCH as well as respecting the agreement to support separate coding for the two HARQ-ACKs. Since up to 2 encoding chains for UCI multiplexing has already been adopted/specified for other PUCCH format 3/4 (and limiting the number of encoding chains on PUCCH format 2 to 1 was originally from the discussion on CSI reporting on short PUCCH in Rel-15), increasing the number of encoding chains on PUCCH format 2 into 2 might not incur UE complexity.
Regarding the UCI RE mapping on PUCCH with separate coding for HP UCI and LP UCI, firstly the HP UCI is required to occupy the REs on the PUCCH resource first (based on the maximum UCI coding rate configured for HP), then the LP UCI could be mapped to the remaining REs not occupied by the HP UCI (based on the maximum UCI coding rate configured for LP). Similarly, for the encoding of UCIs with different priority on PUSCH, it is also needed to consider how to map the separately-encoded UCI REs on the PUSCH resource, based on the beta offset configured per each of LP and HP. 
For the UCI RE mapping on PUCCH format 2, major concern on just reusing current RE mapping rule (after concatenating HP UCI bits and LP UCI bits) is to loose frequency diversity which is critical for guaranteeing the performance of HP UCI. Even in case where frequency hopping is enabled, if current RE mapping is applied as it is, HP UCI REs (with relatively small payload size compared to LP UCI) could be mapped only on the first frequency hop in the PUCCH as shown in Figure 1 below. In this case, performance of the HP UCI would be degraded compared to Rel-16 HP UCI.

[image: ]
Figure 1

Therefore, in order to guarantee the reliable UCI performance by achieving frequency diversity, HP (coded) UCI needs to be mapped over distributed REs on the PUCCH resource. To be specific, following two options can be considered for the mapping of HP (coded) UCI REs on PUCCH format 2. Note that the distributed RE mapping rule based on Option 1/2 is not new mapping but same or similar with the existing mapping rule being used for UCI multiplexing on PUSCH.

1) Option 1
A. Splitting HP UCI bits (as well as LP UCI bits) into two parts
B. Mapping each HP UCI part over distributed REs on each of two PUCCH symbols
2) Option 2
A. Concatenating the REs on two PUCCH symbols (virtually) into one (concatenated) symbol
B. Mapping all HP UCI bits over distributed REs on the concatenated symbol

Proposal #5: Apply separate encoding and RE mapping for HP HARQ-ACK and LP HARQ-ACK on PUCCH format 2.
· HP (coded) UCI is firstly mapped over distributed REs on the PUCCH resource (to guarantee the reliable HP UCI performance by achieving frequency diversity), then LP UCI is mapped to the remaining REs not occupied by the HP UCI.
· Alternatively, frequency first RE mapping can be reused after concatenating HP (coded) UCI bits and LP (coded) UCI bits sequentially (if it is hard to have a consensus to apply the distributed RE mapping as in above).

As another aspect, for multiplexing HP HARQ-ACK and LP HARQ-ACK on PUCCH format 0 or 1 when the total HARQ-ACK payload size is 2 bits, the related details are to be provided. Regarding this aspect, one remaining detail would be how to map cyclic shift value on PUCCH format 0 and QPSK constellation point on PUCCH format 1 for 1-bit HP HARQ-ACK and 1-bit LP HARQ-ACK. For this, simply, HP UCI bit and LP UCI bit can be mapped to MSB and LSB, respectively, on 2-bit UCI payload. 

Proposal #6: Apply the following for multiplexing of HP HARQ-ACK and LP HARQ-ACK on PUCCH format 0/1 with the total UCI payload size of 2 bits.
· HP UCI bit and LP UCI bit are mapped to MSB and LSB, respectively.

· PUCCH resource determination
On this aspect, it is necessary to discuss and decide how to determine a PUCCH resource in the HP PUCCH resource set selected based on total payload size of HP UCI and LP UCI, for example, based on the PRI indicated in the last DCI corresponding to HP HARQ-ACK or based on the PRI indicated in the last DCI. For this issue, it is straightforward to determine a HP PUCCH resource based on the PRI indicated in the last DCI corresponding to HP HARQ-ACK as in Rel-16. On the other hand, it is needed to address the case when UE didn’t receive any DCI indicating HP (but received DCI indicating LP), for example, by using a PUCCH resource in HP PUCCH resource set based on the PRI indicated in the last DCI only for this case. Note that, dropping the LP HARQ-ACK just due to the reason that the HP HARQ-ACK corresponds to SPS PDSCH, is not desirable from technical perspective considering potential DL resource overhead required for PDSCH retransmission and/or potential gNB scheduling restriction to avoid the collision with HP SPS HARQ-ACK corresponding to short SPS PDSCH periodicity. 

Proposal #7: Adopt the following to determine a PUCCH resource in the HP PUCCH resource set selected based on total UCI payload size. 
· In case when at least one HP DL DCI is received by UE, the HP PUCCH resource corresponding to the PRI indicated in the last HP DCI is selected.
· In case when LP DL DCI is only received by the UE, the HP PUCCH resource corresponding to the PRI indicated in the last LP DCI is selected.

· Multiplexing of HARQ-ACK and/or SR
Regarding the multiplexing between LP HARQ-ACK and HP HARQ-ACK on PUCCH (or PUSCH), it is necessary to consider the HARQ-ACK codebook type (e.g. Type-1/2/3 codebook) configured/indicated for the LP/HP HARQ-ACKs. Considering CA situation, there would be two types of serving cell as below, according to the configuration of priority indicator in DL DCI formats for each cell.

1) Cell type 1
A. Priority indicator is not configured in DL DCI formats for the cell.
B. PDSCH in the cell is scheduled only with LP, and thus HARQ-ACK for the PDSCH reception corresponds to LP only.
C. K1 and TDRA are configured only for LP, and all the HARQ process IDs are scheduled only with LP.
2) Cell type 2
A. Priority indicator is configured in DL DCI formats for the cell.
B. PDSCH in the cell can be scheduled with either LP or HP, and thus HARQ-ACK for the PDSCH reception can correspond to either LP or HP. 
C. K1 and TDRA are configured per each of LP-dedicated DCI format and HP-schedulable DCI format, and all or part of HARQ process IDs can be scheduled with HP.

In case of Type-1 or Type-3 codebook, for the multiplexing of LP/HP HARQ-ACKs, it may need to consider/decide how to generate HARQ-ACK payload per each of LP and HP, especially for the HARQ-ACKs corresponding to the above cell type 2 configured with priority indicator in DL DCI (e.g. mapping the HARQ-ACK for cell type 2 into both LP payload and HP payload, or mapping it only into HP payload by omitting it from LP payload). 
Especially for Type-1 codebook, it may also need to consider for entire HARQ-ACK codebook construction on whether/which DCI is scheduled/received for a given priority. For example, in case when no DCI or only single fallback DCI is scheduled/received for a given priority, it is to be decided whether/how to generate HARQ-ACK payload for the priority. 
In case of Type-2 codebook, since DAI is signalled/counted per each of LP/HP HARQ-ACKs, consequently HARQ-ACK payload for LP and HP can be separately generated as a sub-codebook based on the received DAIs per priority, and thus there seems to be no issue.

Proposal #8: Consider how to generate the HARQ-ACK payload per each of LP and HP for the multiplexing of LP/HP HARQ-ACK on PUCCH (or PUSCH), according to HARQ-ACK codebook type (e.g. Type-1/2/3 codebook).

Moreover, it was discussed how to handle potential ambiguity on the presence of LP HARQ-ACK feedback or the size of LP HARQ-ACK codebook due to DCI missing in case of multiplexing HP HARQ-ACK and the LP HARQ-ACK on a same PUCCH/PUSCH. On this issue, it is reasonable to consider an additional field in the DL/UL DCIs corresponding to HP HARQ-ACK/PUSCH for determining the number of LP HARQ-ACK bits multiplexed (with HP HARQ-ACK bits) on PUCCH/PUSCH. 
To be specific, in case of Type-2 codebook based LP HARQ-ACK, multiple candidate payload sizes such as {X-bit, Y-bit, Z-bit, W-bit} can preconfigured by RRC (where X < Y < Z < W), and one of the candidate sizes can be indicated by DCI. Then, the UE generates LP HARQ-ACK payload based on the indicated size potentially with padding of NACK bits or dropping of some HARQ-ACK according to the difference between the indicated size and actual payload from UE perspective. Alternatively, it can be considered to indicate T-DAI corresponding to LP HARQ-ACK via HP DCI, but the T-DAI indication would cause increase of HP DCI payload size in case with CBG configuration for LP HARQ-ACK. To address the concern on overhead and reliability of HP DCI, Alt 1) the HP DCI only indicates T-DAI corresponding to TB-based PDSCH for LP HARQ-ACK where LP HARQ-ACK corresponding to CBG-based PDSCH would be dropped (if exists) in case of multiplexing, or Alt 2) the T-DAI indication is only applied for the case without CBG configuration for LP HARQ-ACK while the payload size indication as in above is used for the case with CBG configuration for LP HARQ-ACK.
In addition, in case of Type-1 codebook based LP HARQ-ACK, three candidate payload sizes such as {full codebook (corresponding to all the TDRA entries and all the K1 values), fallback HARQ-ACK (corresponding to the DCI scheduling Pcell with DAI = 1), no HARQ-ACK} or simply two candidate payload sizes such as {full codebook, no HARQ-ACK} can be considered (without RRC configuration), and one of the candidate sizes can be indicated by HP DCI. Then, the UE would generate LP HARQ-ACK payload just based on the indicated size. 

Proposal #9: Introduce an additional field in the DL/UL HP DCIs for determining the number of LP HARQ-ACK bits multiplexed on PUCCH/PUSCH for both Type-1 and Type-2 codebooks, in order to handle potential ambiguity on the presence of LP HARQ-ACK feedback or the size of LP HARQ-ACK codebook.
· For Type-1 codebook based LP HARQ-ACK, one of {full codebook, no HARQ-ACK} is indicated by 1-bit field in HP DCI.
· For Type-2 codebook based LP HARQ-ACK, one of {X-bit, Y-bit, Z-bit, W-bit} (where X < Y < Z < W) is indicated by 2-bit field in HP DCI.

Regarding the multiplexing between HP SR and LP HARQ-ACK of up to 2 bits on PUCCH (format 0 or format 1, e.g., PF0 or PF1), following three cases may need to be enhanced to guarantee HP SR reliability related to PUSCH (scheduling) latency. 

1) Case 1: SR PF0 + HARQ-ACK PF0
A. Currently, an offset of 3 or 1 is added to the sequence CS values on HARQ-ACK PF0 for HARQ-ACK with 1-bit or 2-bit, respectively, in case when SR is positive.
2) Case 2: SR PF0 + HARQ-ACK PF1 
A. Currently, HARQ-ACK is only transmitted on PF1 by dropping SR.
3) Case 3: SR PF1 + HARQ-ACK PF0
A. Currently, the same behavior is applied as in the above Case 1.

For Case 1 and Case 3, in case of 2-bit HARQ-ACK, the CS gap between negative SR and positive SR becomes too small (since the CS gap is 1), and thus it would cause degradation of HP SR reliability under certain channel condition. For Case 2, obviously due to the dropping of SR, it would be undesirable in terms of ensuring HP SR reliability.

On this multiplexing issue, in order to address all the cases in above with a single unified handling, the following behaviours need to be adopted.

1) Unified handling for the multiplexing of HP SR PF0/1 + LP HARQ-ACK PF0/1
A. For positive SR, transmit HARQ-ACK on the SR PUCCH resource. 
i. On HP SR PF0, two CS values as m0 + {0, 6} or four CS values as m0 + {0, 3, 6, 9} is used for mapping of 1-bit or 2-bit LP HARQ-ACK respectively, where m0 is the CS value configured for SR only transmission in Rel-16.
ii. On HP SR PF1, BPSK or QPSK modulation is applied for LP HARQ-ACK of 1-bit or 2-bit respectively.
B. For negative SR, transmit HARQ-ACK on the HARQ-ACK PUCCH resource.

Proposal #10: Apply a single unified handling for the multiplexing of HP SR PF0/1 + LP HARQ-ACK PF0/1 as the following way. 
· For positive SR, transmit HARQ-ACK on the SR PUCCH resource.
· On HP SR PF0, two CS values as m0 + {0, 6} or four CS values as m0 + {0, 3, 6, 9} is used for mapping of 1-bit or 2-bit LP HARQ-ACK respectively, where m0 is the CS value configured for SR only transmission in Rel-16.
· On HP SR PF1, BPSK or QPSK modulation is applied for LP HARQ-ACK of 1-bit or 2-bit respectively.
· For negative SR, transmit HARQ-ACK on the HARQ-ACK PUCCH resource.

2.3. PUSCH-specific aspects

· UCI RE mapping (order) on PUSCH
In previous meeting, it was discussed how to multiplex HP UCI and LP UCI on LP PUSCH or HP PUSCH in terms of mapping UCI REs or dropping some UCI, and it needs to consider whether the CSI to be multiplexed on PUSCH consists of two parts or single part, and whether the PUSCH for multiplexing of the UCIs is conveying UL-SCH or not. For example, the above discussion/consideration at least addressed the case when HP HARQ-ACK and LP HARQ-ACK and LP CSI are to be multiplexed on LP PUSCH, and the case when HP HARQ-ACK and LP HARQ-ACK and HP CSI are to be multiplexed on HP PUSCH. Thus, including the above cases, overall UCI RE mapping rule (order) on PUSCH with different priority can be summarized as below, according to various combinations of UCI and PUSCH (here, {A, B, C} implies the mapping order that, B is mapped after mapping of A and C is mapped after mapping of B).

1) Case H1: {HP HARQ-ACK, LP HARQ-ACK, HP CSI} on HP PUSCH
A. Case H1-1: HP CSI consists of two parts
i. {HP HARQ-ACK, LP HARQ-ACK, HP CSI part 1} are multiplexed on HP PUSCH, by dropping HP CSI part 2
1. Alternatively, whether to drop HP CSI part 2 or LP HARQ-ACK can be configurable by RRC according to gNB’s situation and scheduling policy.
B. Case H1-2: HP CSI consists of single part
i. {HP HARQ-ACK, LP HARQ-ACK, HP single-part CSI} are all multiplexed on HP PUSCH, without UCI dropping
2) Case H2: {LP HARQ-ACK, HP CSI} on HP PUSCH
A. Case H2-1: HP CSI consists of two parts
i. {LP HARQ-ACK, HP CSI part 1, HP CSI part 2} are all multiplexed on HP PUSCH
B. Case H2-2: HP CSI consists of single part
i. {LP HARQ-ACK, HP single-part CSI} are all multiplexed on HP PUSCH
3) Case H3: {HP HARQ-ACK, HP CSI} on HP PUSCH
A. Case H3-1: HP CSI consists of two parts
i. {HP HARQ-ACK, HP CSI part 1, HP CSI part 2} are all multiplexed on HP PUSCH
B. Case H3-2: HP CSI consists of single part
i. {HP HARQ-ACK, HP single-part CSI} are all multiplexed on HP PUSCH
4) Case L1: {HP HARQ-ACK, LP HARQ-ACK, LP CSI} on LP PUSCH
A. Case L1-1: LP CSI consists of two parts
i. {HP HARQ-ACK, LP HARQ-ACK, LP CSI part 1} are multiplexed on LP PUSCH, by dropping LP CSI part 2
1. Note: the above Case L1-1 was already agreed, but the part “dropping LP CSI part 2” was not captured yet in the specification.
B. Case L1-2: LP CSI consists of single part
i. {HP HARQ-ACK, LP HARQ-ACK, LP single-part CSI} are all multiplexed on LP PUSCH, without UCI dropping
5) Case L2: {HP HARQ-ACK, LP CSI} on LP PUSCH
A. Case L2-1: LP CSI consists of two parts
i. {HP HARQ-ACK, LP CSI part 1, LP CSI part 2} are all multiplexed on LP PUSCH
B. Case L2-2: LP CSI consists of single part
i. {HP HARQ-ACK, LP single-part CSI} are all multiplexed on LP PUSCH
6) Case L3: {LP HARQ-ACK, LP CSI} on LP PUSCH
A. Case L3-1: LP CSI consists of two parts
i. {LP HARQ-ACK, LP CSI part 1, LP CSI part 2} are all multiplexed on LP PUSCH
B. Case L3-2: LP CSI consists of single part
i. {LP HARQ-ACK, LP single-part CSI} are all multiplexed on LP PUSCH

In particular, for the above Case H1-1 where {HP HARQ-ACK, LP HARQ-ACK, HP CSI part 1, HP CSI part 2} are overlapped with HP PUSCH with UL-SCH, it is being argued on which one would need to be dropped between LP HARQ-ACK and HP CSI part 2. Regarding this issue, LP HARQ-ACK is to be prioritized over HP CSI part 2 considering to avoid DL/UL overheads consumed for PDSCH retransmission and HARQ-ACK feedback or HARQ-ACK retransmission for LP HARQ-ACK recovery, and to respect the previous agreement in RAN1#102-e that “Support multiplexing for following scenarios in R17: Multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI”. Furthermore, since it was already agreed 1) to reuse Rel-15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK and 2) to reuse Rel-15 Part 1 CSI rate matching and RE mapping for LP HARQ-ACK, prioritizing LP HARQ-ACK over HP CSI also has benefit to apply same rate-matching and RE mapping for LP HARQ-ACK and CSI part 1 regardless whether PUSCH is of LP or HP. 

Proposal #11: Support following four cases for determining the UCI RE mapping rule (order) on PUSCH. 
· Case 1: Overlapping of {HP HARQ-ACK, LP HARQ-ACK, HP CSI part 1, HP CSI part 2} and HP PUSCH with UL SCH
· {HP HARQ-ACK, LP HARQ-ACK, HP CSI part 1} are multiplexed on the HP PUSCH, by dropping HP CSI part 2.
· Alternatively, whether to drop HP CSI part 2 or LP HARQ-ACK can be configurable by RRC according to gNB’s situation and scheduling policy.
· Case 2: Overlapping of {HP HARQ-ACK, LP HARQ-ACK, HP single-part CSI} and HP PUSCH with UL SCH
· {HP HARQ-ACK, LP HARQ-ACK, HP single-part CSI} are all multiplexed on HP PUSCH, without UCI dropping.
· Case 3: Overlapping of {HP HARQ-ACK, LP HARQ-ACK, LP CSI part 1, LP CSI part 2} and LP PUSCH with UL SCH
· {HP HARQ-ACK, LP HARQ-ACK, LP CSI part 1} are multiplexed on the LP PUSCH, by dropping LP CSI part 2.
· Note: the above Case 3 was already agreed, but the part “dropping LP CSI part 2” was not captured yet in the specification.
· Case 4: Overlapping of {HP HARQ-ACK, LP HARQ-ACK, LP single-part CSI} and LP PUSCH with UL SCH
· {HP HARQ-ACK, LP HARQ-ACK, LP single-part CSI} are all multiplexed on LP PUSCH, without UCI dropping.

On top of the above, it needs to consider/discuss how to generate the reserved REs corresponding to 2-bit HARQ-ACK on PUSCH in case when this inter-priority UL multiplexing is enabled. Considering potential missing of the DCI corresponding to HP HARQ-ACK by the UE, the reserved REs are to be generated based on the beta offset configured for HP HARQ-ACK and to be mapped on LP PUSCH as well as HP PUSCH (especially, CG PUSCH without associated DCI indicating UL DAI), even in case when there is no HP HARQ-ACK from UE perspective. For example, for the above Case H2 and Case L3, the reserved REs are generated by the beta offset for HP HARQ-ACK, and mapped on HP PUSCH (in Case H2) or LP PUSCH (in Case L3) even though there is no HP HARQ-ACK from UE perspective.

Proposal #12: Consider the following aspect by taking potential missing of the DCI corresponding to HP HARQ-ACK by the UE into account.
· The reserved REs corresponding to 2-bit HARQ-ACK on PUSCH are to be generated based on the beta offset configured for HP HARQ-ACK and to be mapped on LP PUSCH as well as HP PUSCH, even in case when there is no HP HARQ-ACK from UE perspective.

Moreover, it needs to consider/discuss how to handle the case where the required number of REs for HP HARQ-ACK mapping (determined by the beta offset configured for HP HARQ-ACK) on LP PUSCH exceeds the maximum number of REs allowed for UCI mapping on LP PUSCH (determined by the scaling factor (i.e., alpha factor) configured for LP PUSCH), for example, transmitting the HP HARQ-ACK on a PUCCH by dropping the LP PUSCH or assuming the alpha factor value for the LP PUSCH as 1 in this case.

Proposal #13: Consider to handle the case where the required number of REs for HP HARQ-ACK mapping exceeds the maximum number of REs allowed for UCI mapping on LP PUSCH.

Furthermore, regarding UCI multiplexing on NR-U CG PUSCH, currently, one of following two modes can be configured for the UE by the gNB.

1) Mode 1
A. When CG PUSCH overlaps with HARQ-ACK PUCCH, CG-UCI and the HARQ-ACK are jointly encoded and mapped on the CG PUSCH. 
2) Mode 2
A. When CG PUSCH overlaps with HARQ-ACK PUCCH, the CG PUSCH is not transmitted (based on skipping) by the UE.

Considering UCI multiplexing on the above NR-U CG PUSCH with different priority in case of Mode 2, it may be necessary to consider three aspects: 1) how to determine the priority of CG-UCI (e.g. follow the priority of PUSCH, or follow the priority of HARQ-ACK jointly encoded with the CG-UCI), 2) how to encode the CG-UCI payload (e.g. only allow joint encoding with HARQ-ACK of same priority, or also allow joint encoding with HARQ-ACK of different priority), 3) how to map the (coded) CG-UCI REs together with the (coded) HARQ-ACK REs on the CG PUSCH.
Assuming that the priority of CG-UCI is the same as that of CG PUSCH and joint encoding with HARQ-ACK of same priority is only allowed for the CG-UCI, following four cases are to be considered for the multiplexing of CG-UCI and HARQ-ACK on CG PUSCH.

1) Case CG-H1: {HP CG-UCI, HP HARQ-ACK, LP HARQ-ACK} on HP CG PUSCH
A. HP CG-UCI and HP HARQ-ACK are jointly encoded, and LP HARQ-ACK is separately encoded from the jointly-encoded HP UCIs
2) Case CG-H2: {HP CG-UCI, LP HARQ-ACK} on HP CG PUSCH
A. HP CG-UCI and LP HARQ-ACK are separately encoded.
3) Case CG-L1: {HP HARQ-ACK, LP CG-UCI, LP HARQ-ACK} on LP CG PUSCH
A. LP CG-UCI and LP HARQ-ACK are jointly encoded, and HP HARQ-ACK is separately encoded from the jointly-encoded LP UCIs
4) Case CG-H2: {HP HARQ-ACK, LP CG-UCI} on LP CG PUSCH
A. HP HARQ-ACK and LP CG-UCI are separately encoded.

Proposal #14: Support following four cases for the multiplexing of CG-UCI and HARQ-ACK on CG PUSCH.
· Case 1: {HP CG-UCI, HP HARQ-ACK, LP HARQ-ACK} on HP CG PUSCH
· HP CG-UCI and HP HARQ-ACK are jointly encoded, and LP HARQ-ACK is separately encoded from the jointly-encoded HP UCIs.
· Case 2: {HP CG-UCI, LP HARQ-ACK} on HP CG PUSCH
· HP CG-UCI and LP HARQ-ACK are separately encoded.
· Case 3: {HP HARQ-ACK, LP CG-UCI, LP HARQ-ACK} on LP CG PUSCH
· LP CG-UCI and LP HARQ-ACK are jointly encoded, and HP HARQ-ACK is separately encoded from the jointly-encoded LP UCIs.
· Case 4: {HP HARQ-ACK, LP CG-UCI} on LP CG PUSCH
· HP HARQ-ACK and LP CG-UCI are separately encoded.

· Determination of REs for UCI mapping
It was agreed to support separate configuration of beta offset values for multiplexing of different priorities, and whether to support separate configuration even for alpha factor is remained as FFS point. For almost same reason with the beta offset for the purpose of guaranteeing, for example, the reliability of HP UCI (multiplexed on LP PUSCH), separate configuration of alpha factor values for multiplexing of different priorities may need to be supported to guarantee, for example, the reliability of HP PUSCH (with piggybacking of LP UCI).
For example, for each priority (e.g. LP, HP) of PUSCH, beta offset can be configured per each of LP UCI and HP UCI. For another example, for each priority of PUSCH, alpha factor can be configured separately for the case only with LP UCI and for the case with HP UCI, or for LP UCI only case and for HP UCI only case and for the case with both LP UCI and HP UCI. Moreover, for flexible/adaptive control of the (maximum) amount of UCI REs on PUSCH from gNB perspective, it can be considered to indicate alpha factor by DCI similarly with dynamic beta offset.
In RAN1#104-e, it was agreed to support small beta offset value in the range from 0 to 1 for multiplexing of LP HARQ-ACK on HP PUSCH. However, configuring alpha factor for the case of LP HARQ-ACK on HP PUSCH separately from the case of HP HARQ-ACK on HP PUSCH, would be more effective since effect of the alpha factor is more dominant in terms of ensuring HP PUSCH reliability/protection rather than effect of using the small beta offset.

Proposal #15: Support separate configuration of alpha factor as well as beta offset per each of UCI priority or per UCI priority combination (e.g. for LP and HP, or for LP only case and other cases) for each priority (e.g. LP, HP) of PUSCH, to ensure reliability/protection of HP PUSCH.

· Simultaneous TX of PUCCH+PUSCH 
It had been agreed to support simultaneous PUCCH+PUSCH transmission for PUCCH and PUSCH with different priority in different bands, and this feature would be enabled or disabled by the corresponding RRC parameter. In addition, it was also agreed that inter-priority multiplexing on PUCCH/PUSCH is enabled or disabled by the corresponding RRC parameter. Besides, as mentioned in above, following was agreed as the overall procedure (steps) for the inter-priority multiplexing of UCIs on PUCCH/PUSCH.

1) Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority
2) Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities 
A. Step 2.1: Resolve collision of LP PUCCHs and HP PUCCHs.
B. Step 2.2: Resolve collision of PUCCHs and PUSCHs of different priorities.

The outcome of the above Step 1 could be different as the following four cases, and the corresponding UL multiplexing/transmission behaviours need to be considered according to two RRC parameters in above as {inter-priority mux on PUCCH/PUSCH, simultaneous PUCCH+PUSCH}.

1) Case 1
A. The outcome of Step 1 is as below.
i. LP outcome: LP PUSCH multiplexed with LP UCI
ii. HP outcome: HP PUSCH multiplexed with HP UCI
B. In this case, if the LP outcome is overlapped with the HP outcome in a same cell, following behavior can be considered.
i. If inter-priority mux on PUCCH/PUSCH = enabled, 
1. The LP UCI in the LP outcome is multiplexed on the HP outcome.
ii. If inter-priority mux on PUCCH/PUSCH = disabled, 
1. The LP outcome is dropped and the HP outcome is only transmitted.
2) Case 2
A. The outcome of Step 1 is as below.
i. LP outcome: LP PUSCH multiplexed with LP UCI
ii. HP outcome: HP PUCCH with HP UCI (due to no overlapping with any HP PUSCH)
B. In this case, if the HP outcome is overlapped with the LP outcome in same or different cell, following behavior can be considered.
i. If inter-priority mux on PUCCH/PUSCH = enabled & simultaneous PUCCH+PUSCH = disabled,
1. The HP UCI in the HP outcome is multiplexed on the LP outcome.
ii. If inter-priority mux on PUCCH/PUSCH = disabled & simultaneous PUCCH+PUSCH = disabled,
1. The HP UCI in the HP outcome and the LP UCI in the LP outcome are multiplexed on a same PUCCH (Opt A).
2. Or, the LP outcome is dropped and the HP outcome is only transmitted (Opt B).
iii. If inter-priority mux on PUCCH/PUSCH = disabled & simultaneous PUCCH+PUSCH = enabled,
1. If the HP outcome and the LP outcome are in a same band, Opt A or Opt B in above is applied.
2. If the HP outcome and the LP outcome are in different bands, those two channels are simultaneously transmitted.
iv. If inter-priority mux on PUCCH/PUSCH = enabled & simultaneous PUCCH+PUSCH = enabled,
1. If the HP outcome and the LP outcome are in a same band, the HP UCI in the HP outcome is multiplexed on the LP outcome.
2. If the HP outcome and the LP outcome are in different bands, those two channels are simultaneously transmitted.
3) Case 3
A. The outcome of Step 1 is as below.
i. LP outcome: LP PUCCH with LP UCI (due to no overlapping with any LP PUSCH)
ii. HP outcome: HP PUSCH multiplexed with HP UCI
B. In this case, if the LP outcome is overlapped with the HP outcome in same or different cell, following behavior can be considered.
i. If inter-priority mux on PUCCH/PUSCH = enabled & simultaneous PUCCH+PUSCH = disabled,
1. The LP UCI in the LP outcome is multiplexed on the HP outcome.
ii. If inter-priority mux on PUCCH/PUSCH = disabled & simultaneous PUCCH+PUSCH = disabled,
1. The LP outcome is dropped and the HP outcome is only transmitted.
iii. If inter-priority mux on PUCCH/PUSCH = disabled & simultaneous PUCCH+PUSCH = enabled,
1. If the HP outcome and the LP outcome are in a same band, the LP outcome is dropped and the HP outcome is only transmitted.
2. If the HP outcome and the LP outcome are in different bands, those two channels are simultaneously transmitted.
iv. If inter-priority mux on PUCCH/PUSCH = enabled & simultaneous PUCCH+PUSCH = enabled,
1. If the HP outcome and the LP outcome are in a same band, the LP UCI in the LP outcome is multiplexed on the HP outcome.
2. If the HP outcome and the LP outcome are in different bands, those two channels are simultaneously transmitted.
4) Case 4
A. The outcome of Step 1 is as below.
i. LP outcome: LP PUCCH with LP UCI (due to no overlapping with any LP PUSCH)
ii. HP outcome: HP PUCCH with HP UCI (due to no overlapping with any HP PUSCH)
B. In this case, after preforming the multiplexing of the LP UCI in the LP outcome and the HP UCI in the HP outcome into a same PUCCH (denoted as “HP/LP-mux PUCCH”), if the HP/LP-mux PUCCH is overlapped with HP PUSCH or LP PUSCH in same or different cell, following behavior can be considered.
i. If inter-priority mux on PUCCH/PUSCH = enabled & simultaneous PUCCH+PUSCH = disabled,
1. The UCIs in the HP/LP-mux PUCCH is multiplexed on the overlapped HP/LP PUSCH.
ii. If inter-priority mux on PUCCH/PUSCH = disabled & simultaneous PUCCH+PUSCH = disabled,
1. The overlapped HP/LP PUSCH is dropped and the HP/LP-mux PUCCH is only transmitted (Opt A).
2. The LP UCI in the HP/LP-mux PUCCH is dropped and the HP UCI in the HP/LP-mux PUCCH is only multiplexed on the overlapped HP PUSCH (Opt B).
iii. If inter-priority mux on PUCCH/PUSCH = disabled & simultaneous PUCCH+PUSCH = enabled,
1. If the HP/LP-mux PUCCH and the overlapped HP/LP PUSCH are in a same band, Opt A or Opt B in above is applied.
2. If the HP/LP-mux PUCCH and the overlapped HP/LP PUSCH are in different bands, those two channels are simultaneously transmitted.
iv. If inter-priority mux on PUCCH/PUSCH = enabled & simultaneous PUCCH+PUSCH = enabled,
1. If the HP/LP-mux PUCCH and the overlapped HP/LP PUSCH are in a same band, the UCIs in the HP/LP-mux PUCCH is multiplexed on the overlapped HP/LP PUSCH.
2. If the HP/LP-mux PUCCH and the overlapped HP/LP PUSCH are in different bands, those two channels are simultaneously transmitted.

Proposal #16: Consider simultaneous PUCCH+PUSCH transmission together with the inter-priority multiplexing on PUCCH/PUSCH.
· The overall UL multiplexing/transmission behaviors could be different according to:
· The outcome of Step 1 and enabling/disabling of two features as {inter-priority multiplexing on PUCCH/PUSCH, simultaneous PUCCH+PUSCH transmission}.
· Simultaneous PUCCH+PUSCH transmission is only considered in Step 2 (i.e., not considered in Step 1) to handle overlapping between different priorities.
· Specifically, if simultaneous PUCCH+PUSCH TX is enabled, it is only used in Step 2-2.

3. Conclusions
[bookmark: _GoBack]In this contribution, intra-UE multiplexing on PUCCH/PUSCH with different priorities was discussed, and the followings are proposed.

Proposal #1: Allow the case that Rel-15 multiplexing timeline is not met for the overlapping of the resultant channels after Step 1.
· The UE would proceed the multiplexing and transmission for HP PUCCH/PUSCH (if the timeline requirements among the HP PUCCH/PUSCH are met) in case when the timeline requirements with LP are not met.
Proposal #2: Consider following four overlapping cases and to support multiplexing/handling behaviours for each case.
· Case 1: one LP (HARQ-ACK) PUCCH overlaps with multiple HP PUCCHs
· LP HARQ-ACK of the LP PUCCH would be multiplexed into a sub-slot corresponding to one selected from the multiple HP PUCCHs.
· A HP PUCCH with HP HARQ-ACK (precisely, the first HP PUCCH with HP HARQ-ACK satisfying the multiplexing timeline) is selected for the multiplexing with LP HARQ-ACK.
· Case 2: one LP PUSCH overlaps with multiple HP PUCCHs
· Dropping LP PUSCH can be considered in this case.
· Case 3: one HP PUCCH overlaps with multiple LP PUCCHs
· Handling is not necessary. (it can be avoided by gNB).
· Case 4: one HP PUSCH overlaps with multiple LP (HARQ-ACK) PUCCHs
· LP HARQ-ACK of only one selected from the multiple LP PUCCHs would be multiplexed on the HP PUSCH.
· A LP PUCCH firstly overlapping (and satisfying the multiplexing timeline) with HP PUSCH is selected for the multiplexing on the HP PUSCH while other LP PUCCHs are dropped.
Proposal #3: Apply RM coding with bit-padding for HP/LP HARQ-ACK of up to 2 bits (in case when the total number of LP and HP HARQ-ACK bits is more than 2), in order to minimize impacts to the specification as well as UE implementation.
Proposal #4: Consider the following UE behaviour for the multiplexing of CSI at least on PUCCH format 3/4.
· In case with HP HARQ-ACK and CSI (without LP HARQ-ACK), the HP HARQ-ACK and CSI part 1 can be separately encoded where CSI part 2 is dropped. 
· In case with HP HARQ-ACK, LP HARQ-ACK and CSI, the LP HARQ-ACK and CSI part 1 can be jointly encoded and the HP HARQ-ACK can be solely encoded where CSI part 2 is dropped.
Proposal #5: Apply separate encoding and RE mapping for HP HARQ-ACK and LP HARQ-ACK on PUCCH format 2.
· HP (coded) UCI is firstly mapped over distributed REs on the PUCCH resource (to guarantee the reliable HP UCI performance by achieving frequency diversity), then LP UCI is mapped to the remaining REs not occupied by the HP UCI.
· Alternatively, frequency first RE mapping can be reused after concatenating HP (coded) UCI bits and LP (coded) UCI bits sequentially (if it is hard to have a consensus to apply the distributed RE mapping as in above).
Proposal #6: Apply the following for multiplexing of HP HARQ-ACK and LP HARQ-ACK on PUCCH format 0/1 with the total UCI payload size of 2 bits.
· HP UCI bit and LP UCI bit are mapped to MSB and LSB, respectively.
Proposal #7: Adopt the following to determine a PUCCH resource in the HP PUCCH resource set selected based on total UCI payload size. 
· In case when at least one HP DL DCI is received by UE, the HP PUCCH resource corresponding to the PRI indicated in the last HP DCI is selected.
· In case when LP DL DCI is only received by the UE, the HP PUCCH resource corresponding to the PRI indicated in the last LP DCI is selected.
Proposal #8: Consider how to generate the HARQ-ACK payload per each of LP and HP for the multiplexing of LP/HP HARQ-ACK on PUCCH (or PUSCH), according to HARQ-ACK codebook type (e.g. Type-1/2/3 codebook).
Proposal #9: Introduce an additional field in the DL/UL HP DCIs for determining the number of LP HARQ-ACK bits multiplexed on PUCCH/PUSCH for both Type-1 and Type-2 codebooks, in order to handle potential ambiguity on the presence of LP HARQ-ACK feedback or the size of LP HARQ-ACK codebook.
· For Type-1 codebook based LP HARQ-ACK, one of {full codebook, no HARQ-ACK} is indicated by 1-bit field in HP DCI.
· For Type-2 codebook based LP HARQ-ACK, one of {X-bit, Y-bit, Z-bit, W-bit} (where X < Y < Z < W) is indicated by 2-bit field in HP DCI.
Proposal #10: Apply a single unified handling for the multiplexing of HP SR PF0/1 + LP HARQ-ACK PF0/1 as the following way. 
· For positive SR, transmit HARQ-ACK on the SR PUCCH resource.
· On HP SR PF0, two CS values as m0 + {0, 6} or four CS values as m0 + {0, 3, 6, 9} is used for mapping of 1-bit or 2-bit LP HARQ-ACK respectively, where m0 is the CS value configured for SR only transmission in Rel-16.
· On HP SR PF1, BPSK or QPSK modulation is applied for LP HARQ-ACK of 1-bit or 2-bit respectively.
· For negative SR, transmit HARQ-ACK on the HARQ-ACK PUCCH resource.
Proposal #11: Support following four cases for determining the UCI RE mapping rule (order) on PUSCH. 
· Case 1: Overlapping of {HP HARQ-ACK, LP HARQ-ACK, HP CSI part 1, HP CSI part 2} and HP PUSCH with UL SCH
· {HP HARQ-ACK, LP HARQ-ACK, HP CSI part 1} are multiplexed on the HP PUSCH, by dropping HP CSI part 2.
· Alternatively, whether to drop HP CSI part 2 or LP HARQ-ACK can be configurable by RRC according to gNB’s situation and scheduling policy.
· Case 2: Overlapping of {HP HARQ-ACK, LP HARQ-ACK, HP single-part CSI} and HP PUSCH with UL SCH
· {HP HARQ-ACK, LP HARQ-ACK, HP single-part CSI} are all multiplexed on HP PUSCH, without UCI dropping.
· Case 3: Overlapping of {HP HARQ-ACK, LP HARQ-ACK, LP CSI part 1, LP CSI part 2} and LP PUSCH with UL SCH
· {HP HARQ-ACK, LP HARQ-ACK, LP CSI part 1} are multiplexed on the LP PUSCH, by dropping LP CSI part 2.
· Note: the above Case 3 was already agreed, but the part “dropping LP CSI part 2” was not captured yet in the specification.
· Case 4: Overlapping of {HP HARQ-ACK, LP HARQ-ACK, LP single-part CSI} and LP PUSCH with UL SCH
· {HP HARQ-ACK, LP HARQ-ACK, LP single-part CSI} are all multiplexed on LP PUSCH, without UCI dropping.
Proposal #12: Consider the following aspect by taking potential missing of the DCI corresponding to HP HARQ-ACK by the UE into account.
· The reserved REs corresponding to 2-bit HARQ-ACK on PUSCH are to be generated based on the beta offset configured for HP HARQ-ACK and to be mapped on LP PUSCH as well as HP PUSCH, even in case when there is no HP HARQ-ACK from UE perspective.
Proposal #13: Consider to handle the case where the required number of REs for HP HARQ-ACK mapping exceeds the maximum number of REs allowed for UCI mapping on LP PUSCH.
Proposal #14: Support following four cases for the multiplexing of CG-UCI and HARQ-ACK on CG PUSCH.
· Case 1: {HP CG-UCI, HP HARQ-ACK, LP HARQ-ACK} on HP CG PUSCH
· HP CG-UCI and HP HARQ-ACK are jointly encoded, and LP HARQ-ACK is separately encoded from the jointly-encoded HP UCIs.
· Case 2: {HP CG-UCI, LP HARQ-ACK} on HP CG PUSCH
· HP CG-UCI and LP HARQ-ACK are separately encoded.
· Case 3: {HP HARQ-ACK, LP CG-UCI, LP HARQ-ACK} on LP CG PUSCH
· LP CG-UCI and LP HARQ-ACK are jointly encoded, and HP HARQ-ACK is separately encoded from the jointly-encoded LP UCIs.
· Case 4: {HP HARQ-ACK, LP CG-UCI} on LP CG PUSCH
· HP HARQ-ACK and LP CG-UCI are separately encoded.
Proposal #15: Support separate configuration of alpha factor as well as beta offset per each of UCI priority or per UCI priority combination (e.g. for LP and HP, or for LP only case and other cases) for each priority (e.g. LP, HP) of PUSCH, to ensure reliability/protection of HP PUSCH.
Proposal #16: Consider simultaneous PUCCH+PUSCH transmission together with the inter-priority multiplexing on PUCCH/PUSCH.
· The overall UL multiplexing/transmission behaviors could be different according to:
· The outcome of Step 1 and enabling/disabling of two features as {inter-priority multiplexing on PUCCH/PUSCH, simultaneous PUCCH+PUSCH transmission}.
· Simultaneous PUCCH+PUSCH transmission is only considered in Step 2 (i.e., not considered in Step 1) to handle overlapping between different priorities.
· Specifically, if simultaneous PUCCH+PUSCH TX is enabled, it is only used in Step 2-2.
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