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1. Introduction
[bookmark: OLE_LINK33]In the RAN1 #104b-e meeting, the potential enhancements for intra-UE multiplexing between different priorities were discussed, and the following agreements were reached [1]. 
	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.
Agreement:
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 this contribution, we further discuss the potential remaining issues and provide our views.
2. Multiplexing UCIs of different priorities in a PUCCH
2.1 Coding for UCIs with different priorities
1. 
2. 
2.1. 
2.1.1. Total number of LP and HP HARQ-ACK bits > 2
In RAN1#104b-e meeting, separate coding was adopted for the case that the total number of LP and HP HARQ-ACK bits >2 when the two UCIs with different priorities are transmitted in a same PUCCH resource. But some FFS issues about this case are still pending to be determined.
The remaining issue about coding is how to encode the HARQ-ACK with 1 or 2 bits. As the HP HARQ-ACK and LP HARQ-ACK will be multiplexed into the same PUCCH resources after the separate coding and total number of bits for HP HARQ-ACK or LP HARQ-ACK is larger than 2, the cyclic shift scheme for HARQ-ACK with 1 or 2 bits can’t be applied, and the repetition, RM or Polar coding scheme could be considered and compared.
5 different coding schemes for 2 information bits are evaluated as listed in Table 1. In the simulation, the length of encoded bits is 32. Other simulation assumptions are listed in Annex.
Table 1 Coding schemes for 2 information bits.
	Case 1
	(3,2) + repetition

	Case 2
	2bits RM

	Case 3
	2bits + "0" padding, RM, 3bits Decode

	Case 4
	2bits + "1" padding, RM, 3bits Decode

	Case 5
	2bits + "1" padding, RM, 2bits Decode


Theoretically, the coding scheme with the largest minimum Hamming distance has the best performance.
The minimum Hamming distance of case 1 scheme is the largest among the 5 coding alternatives. Therefore, the performance is expected to be the best, which is verified in simulations. Here (3,2) coding means (A,B) encodes to (A,B, A XOR B).
[image: ]
Figure 1: Comparison of average performance of 2 bits among different coding schemes
[image: ]
Figure 2: comparison of performance of each bit among different coding schemes
Also, un-equal protection for the 2bits is observed for Case 2~Case 5 in figure 2. It is harmful for the information bits.
Proposal 1: Adopt (3,2) coding scheme for HP or LP HARQ-ACK with 2 bits and then repeat when the total payload of the UCIs is more than 2 bits.
· Note: (3,2) coding means (A,B) encodes to (A,B, A XOR B)
In the same way, it is beneficial to use repetition scheme for HP or LP HARQ-ACK with 1 bits.
Proposal 2: Adopt repetition scheme for HP or LP HARQ-ACK with 1 bits when the total payload of the UCIs is more than 2 bits.
For other payload size, i.e., larger than 2, the existing coding schemes defined in current specification should be reused to minimize the standard efforts. That is, if the payload size of a LP or HP HARQ-ACK is more than 2 but less than 12, RM code is performed, otherwise, Polar code is applied.
Proposal 3: When the two UCIs with different priorities will be multiplexed on a PUCCH format 2/3/4 by separate coding, for a certain priority UCI, 
· If the payload size is more than 2 but less than 12, RM code is performed.
· If the payload is more than 11 bits, Polar coding is performed. 

2.1.2. Total number of LP and HP HARQ-ACK bits is 2
For the case of total number of LP and HP HARQ-ACK bits is 2, there is a common sense that the baseline is to treat the two bits as HARQ-ACK bits with HP priority. The controversial issue is on the principle for reusing the legacy design, more specific, e.g. reuse R16 design, reuse R15 design with power boost, or reuse R15 design without power boost for the two bits.
For legacy R16 design, the principle is dropping the low priority HARQ-ACK UCI, it is not our motivation to enhance the multiplexing UCIs of different priorities. 
For reusing R15 design, as the two bits of HARQ-ACK is treated as HP priority, the transmission power will be guaranteed for the HP UCI as usual, then additional power boosting is not necessary.
Proposal 4: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is 2, treat the two bits as HARQ-ACK bits with HP priority, R15 design is reused without power boosting.

2.2 Multiplexing enable/disable mechanism
[bookmark: OLE_LINK35]In RAN1#104b-e meeting, all companies agreed to adopt RRC-based enabling/disabling as baseline. The remaining issue is whether to adopt the scheme on RRC+DCI-based enabling/disabling.
An important principle for intra-UE multiplexing UCI with different priorities is that the latency and reliability of high priority transmission should not be affected. Even if the multiplexing timelines are met, whether the UE actually multiplexes or prioritizes the transmission of PUCCH/PUSCH with high priority should be determined and configured by the network. The principle of determination should satisfy the requirement of latency and reliability and avoid the bad multiplexing scenarios, e.g., insufficient PUCCH resources. Therefore, it is necessary to indicate whether a high priority channel can be multiplexed with a low priority channel by dynamic scheduling DCI. If the multiplexing indicator is disabled, the UE will prioritize the transmission(s) of PUCCH/PUSCH with high priority as Rel-16. Otherwise, the UE will use the enhanced Rel-17 methods for multiplexing.
Proposal 5: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, support DCI+RRC configuration for gNB to enable/disable the multiplexing when DCI is applied.
· For SPS HARQ-ACK, the enable/disable scheme falls back to RRC configuration.
Another issue is where the multiplexing indicator should be carried on. It is unnecessary to configure the multiplexing indicator in DCI field or RRC parameter for both high priority transmission and low priority transmission. Moreover, in order to decrease the possibility of multiplexing indicator missing, the multiplexing indicator should be carried on the DCI and RRC parameter for the high priority transmission, which is more reliable than the low priority one.
Proposal 6: The indicator of intra-UE multiplexing UCI with different priorities should be carried on the scheduling DCI or RRC parameter for the high priority transmission.

2.3 PUCCH resource determination and mapping for multiplexing between HARQ-ACKs with different priorities
In RAN1#104e meeting, below agreement has been achieved as:
	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



For the first FFS, it is not necessary to configure the dedicated resource for multiplexing of HP HARQ-ACK and LP HARQ-ACK. The ambiguity due to the uncertainty of LP HARQ-ACK multiplexing with HP HARQ-ACK can be solved by gNB implementation.
In case the total number of LP and HP HARQ-ACK bits is more than 2, PUCCH format 2, 3, or 4 is used. If the DCI corresponding to LP PUCCH is missing, the gNB can blind decode the PUCCH based on the hypothesis of different payload size under the condition that whether the LP HARQ-ACK is multiplexed with HP HARQ-ACK or not. gNB will determine correctly the retransmission of the PDSCH correspond to the LP PUCCH, and obtain the HP UCI without ambiguity.
For the second FFS, in case the total number of LP and HP HARQ-ACK bits is no more than 2, the same agreement should be adopted, i.e., using a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK). 
Proposal 7: 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) in case the total number of LP and HP HARQ-ACK bits is 2.
But there may be ambiguity for gNB on determining whether the LP HARQ-ACK is multiplexed with HP HARQ-ACK or not. In the case that the total number of UCI bits is no more than 2 bits and for LP HARQ-ACK and HP HARQ-ACK are multiplexing on PUCCH format 0, if the DCI corresponding to LP PUCCH is missing, the single HP HARQ-ACK and the multiplexed HARQ-ACKs would map to the same mcs, which will cause misunderstanding about the detection of LP transmission at gNB side For example, according to the current specification in section 9.2.3 in TS38.213, for PUCCH format 0, if the DCI corresponding to LP PUCCH is missing, UE will transmit only 1 bit HP UCI with mcs =0 for NACK or 6 for ACK. While at gNB side, the gNB will assume 2 bits UCI and consider the result as {HP=NACK, LP=NACK} or { HP=ACK, LP=ACK}. Obviously when mcs =6 (in case the HP transmission is correctly decoded), the gNB will assume the LP transmission is also correctly detected but fails at UE side in fact. Hypothesis detection based on payload size doesn’t work for this case. To solve this problem, different initial sequences can be configured for multiplexed UCI and single HP UCI respectively, or the extended PUCCH resource can also be configured for multiplexed UCI.
The extended PUCCH resource for multiplexed UCI can be implicitly indicated to UE. For example, the PRI in the HP DCI indicates the PUCCH resource from the PUCCH set in the PUCCH-config with high priority for HP UCI only if no LP UCI needs to be multiplexed. And the PUCCH resource corresponding to PRI+x is the extended PUCCH resource from the PUCCH set in the PUCCH-config with high priority for multiplexed UCI, the x is predefined, e.g., x=1. Obviously, the extended PUCCH resource is still the PUCCH resource from the PUCCH set in the PUCCH-Config with high priority and consistent with the previous agreement.
Regarding the two schemes mentioned above, we slightly prefer the extended PUCCH resource in second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK) for the multiplexed UCI as the minor specification impact.
Proposal 8: For the case that the total number of bits is no more than 2 bits, the PRI+x in the HP DCI is used to implicitly determine an extended PUCCH resource from the PUCCH set in the PUCCH-config with high priority for the multiplexed UCI.
-  x is predefined, e.g., x=1.
As separate coding is determined for multiplexing HARQ-ACK of different priorities, if there is a constraint that the number of encoding chains for all UCI multiplexing combinations in Rel-17 should not exceed that in Rel-15/16, CSI dropping must be considered if CSI would multiplex on a PUCCH which has HP A/N. At least, CSI part 2 should be dropped first. But for CSI part 1, in order not to significantly affect the performance of MIMO, if possible, strive to transmit the CSI part 1 with LP HARQ-ACK together. Moreover, if the resource is not sufficient, dropping of CSI part 1 could be considered. Then we propose: 
Proposal 9: Modify the working assumption: 
Drop CSI part 2 if CSI would multiplex on a PUCCH which has HP A/N.
· HP A/N occupies one encoder chain. 
· LP A/N + CSI part 1(drop CSI part 1 if resource is insufficient) occupies the other encoder chain.
· Intend to reuse the rate matching equation, and RE mapping principles in Rel-15.
The proposal intends to modify the working assumption achieved in last meeting.
2.4 Multiplexing HARQ-ACK and SR with different priorities
2.2. 
2.3. 
2.4. 
2.4.1. PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0
In RAN1#104b-e meeting, the common sense on the candidate options is: 
	When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, down-select the following options:
· Opt.1b: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource. For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.
· 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.
· FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?


Further discussion could be based on option 1b, option 2c and option 3.
To satisfy the latency and reliability of HP SR, when a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, the multiplexed UCI should consider to transmit on the PUCCH resource with higher priority, especially for the positive SR. The option 1b is preferred. 
If a UE would transmit positive SR in a resource using PUCCH format 0 and at most two HARQ-ACK information bits in a resource using PUCCH format 0 in a slot, the UE transmits the PUCCH in the resource using PUCCH format 0 in PRB(s) for SR. The same way as Table 9.2.3-3 and Table 9.2.3-4 in TS 38.213[2] can be reused for the UE to determine a value of [image: ] and [image: ](based on HARQ-ACK) for computing a value of cyclic shift[image: ]. 
Otherwise, the UE transmits only the PUCCH with HARQ-ACK information bits in a resource using PUCCH format 0/1 and drops the PUCCH for negative SR.
If option 1b is adopted, the HP SR and LP SR are multiplexed into different PUCCH resources, and it is easy to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK. If option 2c is adopted, it is difficult to differentiate HP SR and LP SR and more specification effort is needed. Option 1b is more feasible than option 2c to handle the issue of differentiation HP SR and LP SR.

2.4.2. PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1
In RAN1#104b-e meeting, the common sense on the candidate options is: 
	When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, down-select the following options:
· Opt.1c: For negative SR, the UE transmits SR and HARQ-ACK on the SR 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.5: No enhancement over Rel-16.
· FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?


Further discussion could be based on option 3 and option 5.
With the same reason in section 2.4.1, option 3 is preferred.
For the issue of how to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK, if option 3 is adopted, the HP SR and LP SR are multiplexed into different PUCCH resources, and it is easy to differentiate HP SR and LP SR.

2.4.3. PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0
In RAN1#104b-e meeting, the common sense on candidate options is:
	When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, down-select the following options:
· 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: 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.
· FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?


Further discussion could be based on option 3 and option 4.
Option 3 is preferred.
If a UE would transmit positive SR in a resource using PUCCH format 1 and HARQ-ACK information bits in a resource using PUCCH format 0 in a slot, the UE transmits the PUCCH in the resource using PUCCH format 1 in PRB(s) for SR. The value of cyclic shift of sequence, i.e.,[image: ], 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 example, if HARQ-ACK value is 0, the UE transmits the PUCCH by setting b(0) = 0 and [image: ]= 0. If HARQ-ACK value is 1, the UE transmits the PUCCH by setting b(0) = 0 and [image: ]= 6.
Else, the UE transmits only the PUCCH with HARQ-ACK information bits in a resource using PUCCH format 0 and drops the PUCCH with negative SR.
For the issue of how to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK, if option 3 is adopted, the HP SR and LP SR are multiplexed into different PUCCH resources, and it is easy to differentiate HP SR and LP SR.

2.4.4. PUCCH carrying HP SR with PF0/1 overlaps with a PUCCH carrying LP HARQ-ACK with PF2/3/4
If a UE would transmit positive SR in a resource using PUCCH format 0/1 and HARQ-ACK information bits in a resource using PUCCH format 2/3/4, the UE reuses Rel-15 rules for multiplexing.
Else, the UE transmits only the PUCCH with HARQ-ACK information and drops the PUCCH with negative SR.
The only difference with the principle of Rel-15 multiplexing is the dropping of SR if SR is negative.

2.4.5. PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF1
If a UE would transmit SR in a resource using PUCCH format 1 and HARQ-ACK information bits in a resource using PUCCH format 1 in a slot, the UE reuses Rel-15 rules for multiplexing.
Proposal 10: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource. The principle is applied at least for three cases:
· PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0
· PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1
· PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0
Proposal 11: Adopt the following rules to multiplex high priority SR and low priority HARQ-ACK.
	HARQ-ACK

SR
	PUCCH format 0
	PUCCH format 1
	PUCCH format 2/3/4

	PUCCH format 0
	For positive SR, the UE transmits the PUCCH in the resource using PUCCH format 0 in PRB(s) for SR. The same way in Rel-15 can be reused for the UE to determine the value of [image: ] and [image: ] for computing the value of cyclic shift [image: ].
For negative SR, the UE transmits only a PUCCH with HARQ-ACK information.
	For positive SR, the UE Reuse Rel-15 rules.
For negative SR, the UE transmits only a PUCCH with HARQ-ACK information and drops the PUCCH with negative SR.

	PUCCH format 1
	For positive SR, the UE transmits the PUCCH in the resource using PUCCH format 1 in PRB(s) for SR. The value of cyclic shift of sequence, i.e., [image: ], 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.
	Reuse Rel-15 rules.
	



2.5 Multiplexing in case a PUCCH overlaps with more than one PUCCH
In the RAN1 #104-e meeting, the case that a PUCCH overlaps with more than one PUCCHs containing slot based resources or sub-slot based resources is discussed, most companies think this case could be discussed after the solution of one PUCCH overlapping with the other PUCCH have been determined.
There are some problem mentioned to be further studied, for example:
· Determination of the PUCCH time unit for handling the PUCCH collision case when different PUCCH time units of different priorities are configured, when a LP HARQ-ACK PUCCH overlaps with more than one HP sub-slot
· How to handle the cases when a LP HARQ-ACK PUCCH overlaps with multiple HP SR PUCCHs.
· When a LP HARQ-ACK overlaps with HP HARQ-ACK PUCCH and HP SR PUCCH simultaneously, how to handle the case if the LP HARQ-ACK can be multiplexed with HP HARQ-ACK but the LP HARQ-ACK cannot be multiplexed with HP SR.
Proposal 12: Determine the multiplexing rules for the UCI multiplexing rules of more than two overlapping PUCCHs with different priorities after the UCI multiplexing rules for two overlapping PUCCHs is clear.

3. Multiplexing UCIs of different priorities in a PUSCH
3.1 Enhancements for multiplexing parameters
3. 
3.1. 
3.1.1. Beta-offset and multiplexing enable/disable mechanism
According to the agreement of RAN1#104-e meeting, for multiplexing LP HARQ-ACK in a HP PUSCH, 0< beta-offset <1 should be supported, and beta-offset =0 or a value disabling the multiplexing is FFS.
According to the further discussion on FFS issue in RAN1#104b-e meeting, as some companies said, the enable/disable mechanism by setting beta-offset = 0 is not feasible.
In case HP UCI + LP PUSCH, if multiplexing is disable, LP PUSCH will be dropped, this is the expected behaviour. But if the indication is based on beta_offset = 0, UE will drop the HP UCI and transmit the LP PUSCH, this is unreasonable.
The same case as above, the HARQ-ACK is typically indicated later than the UL grant for PUSCH and it is no way to adjust the scheduling of the PUSCH. The indication to multiplex or not needs to be in the DCI for the HP HARQ-ACK for this case.
From the aspect of signaling to enable or disable multiplexing, the same mechanism of intra-UE multiplexing UCI should be applied to intra-UE multiplexing UCI with data. Moreover, the indication on multiplexing enable/disable should exist in the scheduling DCI or RRC parameter for the high priority transmission, but not implicitly be set by beta_offset=0 or other values.
Proposal 13: The beta-offset should not be used to disable the intra-UE multiplexing UCI with data.
Proposal 14: The indicator of intra-UE multiplexing UCI with data exists in the scheduling DCI or RRC parameter for the high priority transmission. 
When the gNB allows a UE to multiplex a high priority HARQ-ACK into a low priority PUSCH, a bigger beta_offset value can be configured to ensure the reliability of HARQ-ACK. The existing values of beta_offset in Table 9.3-1 in TS 38.213 are sufficient to ensure that the high priority HARQ-ACK can be allocated more REs in low priority PUSCH.
Separate sets of beta_offset values could be configured based on the following cases:
· Multiplexing HARQ-ACK on the PUSCH with same priority
· Multiplexing LP HARQ-ACK on HP PUSCH
· Multiplexing HP HARQ-ACK on LP PUSCH
Proposal 15: In NR Rel-17, up to three sets of beta offset values can be configured to the UE to indicate separate beta_offset values for the following cases:
· Multiplexing HARQ-ACK on the PUSCH with same priority
· Multiplexing LP HARQ-ACK on HP PUSCH
· Multiplexing HP HARQ-ACK on LP PUSCH

3.2 Resource mapping
When the LP UCI is multiplexed in HP PUCCH or HP PUSCH, the LP UCI may not be accommodated totally since the HP UCI or HP PUSCH should not be affected as possible and the LP UCI can only be mapped to the leftover PUCCH or PUSCH resource. In this case, the payload size for the LP UCI should be reduced until it can be carried by the remaining resource. There are two options for the payload size reduction, i.e., LP UCI is dropped partially and LP UCI compression
· Partially LP UCI dropping
This is the most straightforward way. The UE just drop some or all UCI depending on the available resource. For the dropped ACK/NACK, the network has to assume NACK and retransmit the corresponding PDSCH. This may reduce the resource efficiency since the UE may have already decode the PDSCH correctly. Anyway, it is better than the operation in Rel-16, where the LP UCI is totally dropped.
· LP UCI compression
Another solution is LP UCI compression. For example, HARQ-ACK bundling is widely used to reduce the HARQ-ACK codebook overhead in LTE and NR. After bundling, if the NACK is transmitted, the network still does not know the exact HARQ-ACK for each PDSCH. This situation is the same as the partial LP UCI dropping. However, if ACK is obtained by bundling, it means all the corresponding PDSCH is ACK and the network can get the exact feedback for each PDSCH. Since the possibility of ACK is much higher than NACK in practice, it can further avoid the unnecessary retransmission, which can further improve the resource efficiency compared to partial LP UCI dropping. Therefore, it is slightly preferred
Proposal 16: LP UCI compression is slightly preferred in case there is no enough resource left for LP UCI.

3.3 Timeline and latency requirements
[bookmark: OLE_LINK27]For the latency requirement, the HP HARQ-ACK information should be mapped to the LP PUSCH resources no later than the last symbol of PUCCH resource for HARQ-ACK which is shown in Figure 3.
[image: ]
Figure 3. High priority HARQ-ACK multiplex with low priority PUSCH
[bookmark: OLE_LINK34]Proposal 17: For the overlapping between high priority HARQ-ACK and low priority PUSCH, if the gNB allows a UE to multiplex the HARQ-ACK on PUSCH, the UE maps this HARQ-ACK to PUSCH resource elements no later than the last symbol of PUCCH resource for HARQ-ACK.

4. Discussion on the overlapping between dynamic grant PUSCH and configured grant PUSCH
In Rel-16, the overlapping between DG PUSCH and CG PUSCH with different priorities was discussed. The potential solutions are shown below based on the latest discussion.
	Proposal from Feature Lead: 
For collision handling between high priority CG and low priority DG, down-select following options.
· Option 1: define a UE capability for collision handling between the CG and DG with different priorities in PHY layer.
· If UE supports the capability, PHY layer can make the prioritization so that the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the PUSCH transmission scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant.
· Otherwise, MAC layer should make the prioritization so that only one MAC PDU is delivered to PHY layer.
· Option 2: re-use Rel.15 timeline, MAC layer should make the prioritization so that only one MAC PDU (e.g. the one with higher priority) is delivered to PHY layer. 
· Supported by QC, Intel, LG, Apple
· Option 3: PHY layer can make the prioritization so that the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the overlapping low priority PUSCH scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant.
· Supported by Nokia, NSB, Huawei/HiSilicon, CATT, NEC, MTK, ZTE
· No PHY collision handling necessary if MAC does not generate a PDU for the CG.
· PHY does not expect MAC to generate a PDU for a later, lower-priority, CG PUSCH, which overlaps with an earlier, higher-priority, DG PUSCH.
Proposal from Feature Lead: 
For collision handling between high priority DG and low priority CG, down-select following options:
· Option 1: Define a UE capability for collision handling between the CG and DG with different priorities in PHY layer.
· If a UE supports the capability, the UE is expected to cancel the overlapping low priority CG by the first overlapping symbol at the latest. Further, a UE expects that the first [overlapping] symbol of the high priority DG is not earlier than Tproc,2+d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority DG. 
· Otherwise, the UE can only cancel the entire PUSCH transmission corresponding to the configured grant starting in a symbol 𝑗, if the end of symbol 𝑖 for PDCCH scheduling the PUSCH is at least 𝑁2 symbols before the beginning of symbol 𝑗. 
· Option 2: Rel.15 timeline is reused to support cancellation of the low priority CG PUSCH.
· A UE is not expected to be scheduled by a PDCCH ending in symbol i to transmit a high priority DG PUSCH on a given serving cell overlapping in time with a transmission occasion, where the UE is allowed to transmit a CG PUSCH with low priority, starting in a symbol j on the same serving cell if the end of symbol i is not at least N2 symbols before the beginning of symbol j. 
· Option 3: 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. Further, a UE expects that the first [overlapping] symbol of the high priority DG PUSCH is not earlier than Tproc,2+d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority channel. 
· No PHY collision handling necessary if MAC does not generate a PDU for the CG.



In the RAN1 #102-e meeting, the following agreement was achieved. 
	Agreements:
Support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH in R17.
· FFS details
· Clarify R16 baseline if needed.



· HP CG vs LP DG
If the UE processes the CG PUSCH first, the UE will only transmit the CG PUSCH. If the start of the DG PUSCH is earlier than the CG PUSCH and the UE processes the DG PUSCH first, the UE should stop processing the DG PUSCH and then prepare the CG PUSCH. In this case, more time is needed for the CG PUSCH. Since the UE has already been aware of the CG PUSCH, available time for processing depends on when the high priority arrives. However, the high priority data could arrive at any time. If the UE has enough time to cancel the DG PUSCH and transmits CG PUSCH, e.g. the data is arrived before Tproc,2+d1 before the first symbol of the CG PUSCH, the UE should cancel the DG PUSCH before the first symbol of the CG PUSCH and transmit the CG PUSCH. If the UE does not have enough for such processing, the CG PUSCH cannot be transmitted on the current occasion. Anyway, it should be up to the UE implementation. Therefore, we support the option 3 above to resolve this issue.
Proposal 18: For the overlapping between HP CG and LP DG, PHY layer can make the prioritization so that the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the overlapping low priority PUSCH scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant.
· LP CG vs HP DG
Similarly, if the UE processes the CG PUSCH first, more time is needed for the UE to cancel the CG PUSCH and prepare the DG PUSCH. It means the time interval between the DG PUSCH and the corresponding scheduling PDCCH should be large enough. The timeline defined in Rel-16 can be reused. Regarding the UE capability, it can be discussed after the solution is stable.
Proposal 19: For the overlapping between LP CG and HP DG, 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. Further, a UE expects that the first [overlapping] symbol of the high priority DG PUSCH is not earlier than Tproc,2+d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority channel. 
5. Conclusion
According to the analysis given above, we have the following observations and proposals:
Proposal 1: Adopt (3,2) coding scheme for HP or LP HARQ-ACK with 2 bits and then repeat when the total payload of the UCIs is more than 2 bits.
· Note: (3,2) coding means (A,B) encodes to (A,B, A XOR B)
In the same way, it is beneficial to use repetition scheme for HP or LP HARQ-ACK with 1 bits.
Proposal 2: Adopt repetition scheme for HP or LP HARQ-ACK with 1 bits when the total payload of the UCIs is more than 2 bits.
Proposal 3: When the two UCIs with different priorities will be multiplexed on a PUCCH format 2/3/4 by separate coding, for a certain priority UCI, 
· If the payload size is more than 2 but less than 12, RM code is performed.
· If the payload is more than 11 bits, Polar coding is performed. 
Proposal 4: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is 2, treat the two bits as HARQ-ACK bits with HP priority, R15 design is reused without power boosting.
Proposal 5: For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, support DCI+RRC configuration for gNB to enable/disable the multiplexing when DCI is applied.
· For SPS HARQ-ACK, the enable/disable scheme falls back to RRC configuration.
Proposal 6: The indicator of intra-UE multiplexing UCI with different priorities should be carried on the scheduling DCI or RRC parameter for the high priority transmission.

Proposal 7: 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) in case the total number of LP and HP HARQ-ACK bits is 2.
Proposal 8: For the case that the total number of bits is no more than 2 bits, the PRI+x in the HP DCI is used to implicitly determine an extended PUCCH resource from the PUCCH set in the PUCCH-config with high priority for the multiplexed UCI.
-  x is predefined, e.g., x=1.
Proposal 9: Modify the working assumption: 
Drop CSI part 2 if CSI would multiplex on a PUCCH which has HP A/N.
· HP A/N occupies one encoder chain. 
· LP A/N + CSI part 1(drop CSI part 1 if resource is insufficient) occupies the other encoder chain.
· Intend to reuse the rate matching equation, and RE mapping principles in Rel-15.
Proposal 10: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource. The principle is applied at least for three cases:
· PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0
· PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1
· PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0
Proposal 11: Adopt the following rules to multiplex high priority SR and low priority HARQ-ACK.
	HARQ-ACK

SR
	PUCCH format 0
	PUCCH format 1
	PUCCH format 2/3/4

	PUCCH format 0
	For positive SR, the UE transmits the PUCCH in the resource using PUCCH format 0 in PRB(s) for SR. The same way in Rel-15 can be reused for the UE to determine the value of [image: ] and [image: ] for computing the value of cyclic shift [image: ].
For negative SR, the UE transmits only a PUCCH with HARQ-ACK information.
	For positive SR, the UE Reuse Rel-15 rules.
For negative SR, the UE transmits only a PUCCH with HARQ-ACK information and drops the PUCCH with negative SR.

	PUCCH format 1
	For positive SR, the UE transmits the PUCCH in the resource using PUCCH format 1 in PRB(s) for SR. The value of cyclic shift of sequence, i.e., [image: ], 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.
	Reuse Rel-15 rules.
	


Proposal 12: Determine the multiplexing rules for the UCI multiplexing rules of more than two overlapping PUCCHs with different priorities after the UCI multiplexing rules for two overlapping PUCCHs is clear.
Proposal 13: The beta-offset should not be used to disable the intra-UE multiplexing UCI with data.
Proposal 14: The indicator of intra-UE multiplexing UCI with data exists in the scheduling DCI or RRC parameter for the high priority transmission. 
[bookmark: _GoBack]Proposal 15: In NR Rel-17, up to three sets of beta offset values can be configured to the UE to indicate separate beta_offset values for the following cases:
· Multiplexing HARQ-ACK on the PUSCH with same priority
· Multiplexing LP HARQ-ACK on HP PUSCH
· Multiplexing HP HARQ-ACK on LP PUSCH
Proposal 16: LP UCI compression is slightly preferred in case there is no enough resource left for LP UCI.
Proposal 17: For the overlapping between high priority HARQ-ACK and low priority PUSCH, if the gNB allows a UE to multiplex the HARQ-ACK on PUSCH, the UE maps this HARQ-ACK to PUSCH resource elements no later than the last symbol of PUCCH resource for HARQ-ACK.
Proposal 18: For the overlapping between HP CG and LP DG, PHY layer can make the prioritization so that the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the overlapping low priority PUSCH scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant.
Proposal 19: For the overlapping between LP CG and HP DG, 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. Further, a UE expects that the first [overlapping] symbol of the high priority DG PUSCH is not earlier than Tproc,2+d1 after the last symbol of the PDCCH with the DCI format scheduling the high priority channel. 
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7. Appendix
Table A-1. Simulation assumptions:
	Parameters
	value

	Fc
	2GHz

	Channel
	TDL-C

	Mobile speed
	3km/h

	Antenna configuration
	1Tx, 4Rx

	PUCCH format 
	Format 2, with 2 Symbols and 1RB

	FH
	Enabled
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