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[bookmark: _Ref513464071]Introduction
The WI on Enhanced IIoT and URLLC support for NR includes an objective on Intra-UE multiplexing and prioritization of traffic with different priorities [1]. The latest status report [2] identified a number of open issues for completion of this objective. 
The contribution addresses some of the remaining issues related to multiplexing on PUCCH:
· Resource sharing when multiplexing LP and HP HARQ-ACK on PUCCH
· Reliability of LP HARQ CB size determination
· Handling of multiplexing HP SR with LP HARQ-ACK (with format 0/1);
Multiplexing on PUCCH
[bookmark: _Hlk86914370][bookmark: _Hlk86914338]Resource sharing when multiplexing LP and HP HARQ-ACK on PUCCH
In RAN1#106b-e, RAN1 agreed on a formula to determine the minimum number of RBs MRB,minPUCCH for multiplexing HP HARQ-ACK and LP HARQ-ACK on a PUCCH format 3. The highlighted FFS bullet is still open:
	· r_HP_UCI is maxCodeRate configured for HP bits and r_LP_UCI is maxCodeRate configured for LP bits in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK).
· FFS whether more than one maxCodeRate can be configured for one priority.



In RAN1#106-e, RAN1 agreed that HP HARQ-ACK and LP HARQ-ACK reuse rate matching equation and RE mapping rules of Rel-15 for HARQ-ACK+CSI-1 and CSI-2 respectively. Such rate matching rules allocate resource such that the coding rate of the higher priority contents (e.g. HP HARQ-ACK) match the maximum coding rate and the lower priority contents gets the remaining portion. The rate matching equations are captured in the latest running CR for 38.212 as follows (the interpretation of each symbol can be found in 38.212):
	UCIs for transmission on a PUCCH
	UCI for encoding
	Value of 

	HARQ-ACK of priority index 1, HARQ-ACK of priority index 0
	HARQ-ACK of priority index 1
	

	
	HARQ-ACK of priority index 0
	



The rate matching formulas assigns the required number of coded bits to HP HARQ-ACK such that the maxCodeRate for HP HARQ-ACK is exactly met, and assigns all remaining coded bits to LP HARQ-ACK. As a consequence, the actual code rate for LP HARQ-ACK bits will very often be much lower than the maxCodeRate for LP HARQ-ACK. This is illustrated by a few examples in the Table below for a PUCCH that has the following configuration: , , . These examples correspond to typical multiplexing situations where the HP HARQ-ACK payload is relatively small compared to LP HARQ-ACK payload, and where multiplexing takes place over a PUCCH resource with small number of symbols (e.g. 4 or 5) to satisfy latency requirement of HP traffic. In the second and third row, the actual LP code rate (0.20 or 0.31) is significantly lower than the maximum (r0=0.45).
	OACK-LP + L 
	OACK-HP + L 
	r0
	r1
	 
	EUCILP
	EUCIHP
	Actual LP code rate
	Actual HP code rate
	Relative power (dB)

	24
	2
	0.45
	0.15
	1
	58
	14
	0.41
	0.14
	2.3

	
	
	0.45
	0.08
	2
	118
	26
	0.20
	0.08
	2.7

	18
	2
	0.45
	0.15
	1
	58
	14
	0.31
	0.14
	2.3

	
	
	0.45
	0.08
	1
	46
	26
	0.39
	0.08
	-0.4



In the above Table, r0 and r1 correspond to configured maximum code rates of LP and HP HARQ-ACK respectively, OACK-LP + L and OACK-HP + L correspond payload (including CRC if any) of LP and HP HARQ-ACK respectively, and EUCILP and EUCIHP correspond to rate matching output sequence lengths for LP and HP HARQ-ACK respectively. The Table also shows the relative estimated required transmission power assuming that power is adjusted based on BPRE of HP bits and on .
These examples show that configuring a single combination of (r0, r1) for all HP and LP HARQ-ACK payloads is not optimal and can result in significant performance loss in some cases. For example, for the case where LP and HP payloads are 24 and 2 respectively, configuring r0=0.45 and r1=0.08 is worse than r0=0.45 and r1=0.15 as it would require 2 RBs instead of 1 RB (and also result in a loss of 0.4 dB). On the other hand, for the case where LP and HP payloads are 18 and 2 respectively, configuring r0=0.45 and r1=0.15 would result in a loss of 2.7 dB compared to r0=0.45 and r1=0.08.
A simple solution to address the above issue is to configure an additional value of the maximum coding rate of HP bits (i.e. maxCodeRateAdd) where maxCodeRateAdd < maxCodeRate. In case setting r1 = maxCodeRate or r1=maxCodeRateAdd would result in the same minimum number of PRBs , the applicable maximum coding rate r1 is set to maxCodeRateAdd. Otherwise, r1 is set to maxCodeRate. Applying this simple rule in the above example would result in the best selection of maximum coding rate for HP HARQ-ACK.
Proposal 1: Support maxCodeRateAdd parameter for the maximum coding rate of HP HARQ-ACK r1. In case the number of PRBs  with r1 = maxCodeRateAdd is equal to the one obtained with r1=maxCodeRate, r1 is set to maxCodeRateAdd. Otherwise, r1 is set to maxCodeRate.
[bookmark: _Hlk86914390]Handling of missing last DCI of LP HARQ-ACK codebook 
If the UE misses the last DCI of the LP HARQ-ACK codebook this causes the UE and network to have different understandings for the payload of the multiplexed transmission. The reliability of the HP HARQ-ACK codebook thus becomes sensitive to the reliability of the last DCI of the LP HARQ-ACK. To avoid this, the network would have to increase the robustness of PDCCH indicating LP HARQ-ACK, which reduces spectral efficiency. A less costly solution may be to include the DAI of the LP HARQ-ACK in the DCI indicating HP HARQ-ACK.
[bookmark: _Hlk92795170]Other possible solutions to the issue of missing last DCI of LP HARQ-ACK codebook involve semi-static reservation of bits for LP payload, and/or quantization (round up) to a reference size. These entail reservation of resource for LP bits for most or all of PUCCH transmissions including HP bits. Such solutions would require less additional information in the DCI. However, given the agreement to use a rate matching formula that allocates resources for HP bits according to maxCodeRate and remaining resource to LP bits whenever LP bits are multiplexed, one consequence would be wasting a significant portion of power to dummy LP bits. To maximize uplink coverage for HP bits, the solution of including indication of the DAI of LP HARQ-ACK in the DCI of HP HARQ-ACK is preferred.
Proposal 2: DCI indicating HP HARQ-ACK includes an indication of the DAI of LP HARQ-ACK.
The DAI indication in the DCI indicating HP HARQ-ACK can also be used to ensure PUSCH decodability in the scenario of LP HARQ-ACK and HP HARQ-ACK multiplexing in PUSCH.
[bookmark: _Hlk92459071]At RAN1#106b-e, some companies had concerns about the additional overhead resulting from inclusion of additional DAI. Since the DAI of the LP HARQ-ACK is only useful in the HP DCI, it could be advantageous to combine the priority index and the DAI of LP HARQ-ACK within a single field to limit DCI overhead increase to a single bit while maintaining size alignment between LP and HP DCI. This allows signaling 3 possible values of the DAI, resulting in an occasional increase of 1 bit of the LP HARQ-ACK payload.
Proposal 3: RRC can configure 2-bits field combining priority indication and DAI of LP HARQ-ACK.
Table 1. Combined priority indication and LP DAI field
	Codepoint
	Priority index
	DAI of HARQ-ACK codebook with priority index 0

	0
	0
	N/A

	1
	1
	0

	2
	1
	1

	3
	1
	3




Multiplexing HP SR with LP HARQ-ACK
In RAN1#104-e, RAN1 made agreements listing different possible multiplexing options for scenarios in which HP SR with PUCCH format 0/1 overlaps with LP HARQ-ACK with PUCCH format 0/1. To select the appropriate options, the following points are noted:
· It is very desirable that the UE transmits on a HP resource for SR at least when SR is positive, since such resource already has proper latency and reliability requirements for HP (through power control configuration of the PUCCH configuration).
· Multiplexing SR and HARQ-ACK (up to 2 bits) on a PUCCH format 0 is possible and supported in R15.
Thus, for scenarios where PUCCH format 0 carrying HP SR overlaps with PUCCH format 0 or 1 carrying LP HARQ-ACK, the solution of transmitting on PUCCH format 0 using a CS dependent on the HARQ-ACK bits and SR value seems possible and straightforward. 
For scenarios where PUCCH format 1 carrying HP SR overlaps with PUCCH format 0 or 1 carrying LP HARQ-ACK, it should be possible to satisfy reliability and latency requirement of HP SR by transmitting the LP HARQ-ACK over the PUCCH format 1 for HP SR when HP SR is positive, and on the PUCCH for LP HARQ-ACK when HP SR is negative.
Proposal 4: In case PUCCH format 0 carrying HP SR overlaps with PUCCH format 0/1 carrying LP HARQ-ACK, the UE multiplexes HARQ-ACK and SR on the PUCCH resource for HP SR.
Proposal 5: In case PUCCH format 1 carrying positive HP SR overlaps with PUCCH format 0/1 carrying LP HARQ-ACK, the UE transmits HARQ-ACK on the PUCCH resource for HP SR.
Proposal 6: In case PUCCH format 1 carrying negative HP SR overlaps with PUCCH format 0/1 carrying LP HARQ-ACK, the UE transmits HARQ-ACK on the PUCCH resource for LP HARQ-ACK.
Expressed in terms of the already identified options, the above corresponds to the following:
PUCCH format 0 carrying HP SR overlapping with PUCCH format 0 carrying LP HARQ-ACK:
· [Opt. 1c] Transmit on PUCCH resource for SR (select CS based on the values of SR and HARQ-ACK)
PUCCH format 0 carrying HP SR overlapping with PUCCH format 1 carrying LP HARQ-ACK:
· [Opt. 1c] Transmit on PUCCH resource for SR (select CS based on the values of SR and HARQ-ACK)
PUCCH format 1 carrying HP SR overlapping with PUCCH format 0/1 carrying LP HARQ-ACK:
· [Opt. 3] Transmit HARQ-ACK on PUCCH resource for SR if SR is positive, otherwise transmit HARQ-ACK on PUCCH resource for HARQ-ACK.
Conclusion.
This contribution proposed the following:
Proposal 1: Support maxCodeRateAdd parameter for the maximum coding rate of HP HARQ-ACK r1. In case the number of PRBs  with r1 = maxCodeRateAdd is equal to the one obtained with r1=maxCodeRate, r1 is set to maxCodeRateAdd. Otherwise, r1 is set to maxCodeRate.
Proposal 2: DCI indicating HP HARQ-ACK includes an indication of the DAI of LP HARQ-ACK.
Proposal 3: RRC can configure 2-bits field combining priority indication and DAI of LP HARQ-ACK.
Proposal 4: In case PUCCH format 0 carrying HP SR overlaps with PUCCH format 0/1 carrying LP HARQ-ACK, the UE multiplexes HARQ-ACK and SR on the PUCCH resource for HP SR.
Proposal 5: In case PUCCH format 1 carrying positive HP SR overlaps with PUCCH format 0/1 carrying LP HARQ-ACK, the UE transmits HARQ-ACK on the PUCCH resource for HP SR.
Proposal 6: In case PUCCH format 1 carrying negative HP SR overlaps with PUCCH format 0/1 carrying LP HARQ-ACK, the UE transmits HARQ-ACK on the PUCCH resource for LP HARQ-ACK.
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Appendix		Previous agreements
RAN#94-e
RAN to guide RAN1 to focus on the discussions on Capabilility#1 only in Q1 2022 for Rel-17 intra-UE multiplexing framework.

(From RP-212953)
· Intra-UE multiplexing enhancements (RAN1 AI 8.3.3) – earliest estimated completion by RAN#96 (end of Q2/2022)
· Rel-17 Intra-UE multiplexing framework and UE categories (impact to several sections of 38.213, potentially RRC & UE capabilities)
· Confirmation of the RAN1 working assumption on support of Capability #3 type of UE
· Details for Capability #1 type of UE operation (i.e. step 2 details incl. timeline requirement and handling of more than two overlapping channels in step 2)
· Details for Capability #3 type of UE operation incl. at least
· Dynamic enabling/disabling restrictions 
· Handling of PUCCH / PUSCH without dynamic enabling indication
· Handling of more than two overlapping channels in step 2
· Interaction with simultaneous PUSCH / PUCCH operation for step 2 for both Capabilities #1 and #3
· Multiplexing details of UCI of different priorities on PUCCH (impact to several sections of 38.212 & 38.213, potentially RRC & UE capabilities)
· Multiplexing on PUCCH format 2 
· 1-bit encoding & RE mapping for in total more than 2 bits on PUCCH 
· 2-bit encoding & RE mapping for in total more than 2 bits on PUCCH 
· Reliability of LP HARQ CB size determination 
· SR and HARQ-ACK multiplexing 
· How to dynamically indicate the multiplexing enabling for PUCCH (for UE category #3)
· Multiplexing details of UCI of different priorities on PUSCH (impact to several sections of 38.212 & 38.213, potentially RRC & UE capabilities)
· Multiplexing operation for HP HARQ-ACK, LP HARQ-ACK and HP A-CSI on PUSCH 
· Enhanced UCI multiplexing parameters (beta value range, alpha)
· Handling of limited resources for UCI on PUSCH (i.e. full or partial dropping, compression) 
· How to dynamically indicate the multiplexing enabling for PUSCH (for UE category #3)

Agreements from RAN1#107-e

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.

R1-2112712	Summary #2 of email thread [107-e-NR-R17-IIoT-URLLC-03]	Moderator (CATT)

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. 
· Dynamic indication of enabling/disabling multiplexing for different priorities can be enabled only if multiplexing of PUCCHs/PUSCHs with different priorities is enabled by RRC configuration.
· If dynamic multiplexing for different priorities is indicated as enabled for a PUCCH / PUSCH, the UE performs Rel-17 multiplexing operation using the Rel-15 timeline 
· The gNB is responsible to ensure that all the DCIs associated with all overlapping channels involved in multiplexing in step 2 meet the Rel-15 timeline for multiplexing.
· If dynamic multiplexing for different priorities is indicated as disabled for a PUCCH / PUSCH, the UE does not apply the Rel-17 intra-UE multiplexing
· If the UL channel associated with the DCI disabling multiplexing collides with another UL channel of a different priority, UE performs R16 PHY prioritization, using Rel-16 timeline. The gNB is responsible to ensure that the UE meets R16 PHY prioritization timeline. 
· If the UL channel associated with the DCI disabling multiplexing does not collide with another UL channel of a different priority, UE transmits the UL channel as is. 
· FFS: whether the UL channel associated with the DCI disabling multiplexing can collide with another UL channel of a same priority.
· UE does not expect to receive a dynamic indication resulting in demultiplexing of previously multiplexed PUCCHs/PUSCHs channels after the Rel-15 multiplexing deadline has passed
· FFS: UE does not expect to receive a dynamic indication resulting in demultiplexing of previously multiplexed PUCCHs/PUSCHs channels without any associated DCIs
· Note: demultiplexing of two previously multiplexed channels means decoupling two channels already multiplexed, dropping one channel, and multiplexing the other channel with another channel(s).
The above behaviors of Capability#3 at least apply to resolving collision of two UL channels resulting from Step 1 with different priorities. FFS: more than two UL channels.
· FFS whether dynamic indication in multiple DCIs associated with a group of overlapping channels have to be consistent
· FFS: Configuration of prioritization / multiplexing of channels without dynamic indication
· Note: Capability 3 procedure is a super-set of Capability 1 procedure
· FFS: Time unit to apply Rel-15 timeline (e.g. slot based, sub-slot based)
· FFS: The set of PUSCH and PUCCH that eligible for Rel-15 multiplexing consideration
Note: “collision” refers to overlapping PUCCHs, overlapping PUCCH and PUSCH (excluding PUSCH supporting simultaneous transmission with PUCCH), overlapping PUSCHs on a same cell.
Note: “Rel-15 multiplexing timeline” means Rel15 timeline calculation in Rel-16 spec, including all the formula and all the values for the variables
Note: “Rel-16 prioritization timeline” means Rel-16 cancellation timeline calculation in Rel-16 spec, including all the formula and all the values for the variables

[107-e-NR-R17-IIoT-URLLC-04] Email discussion on intra-UE multiplexing/prioritization – Jia (OPPO)
· Focus on PHY prioritization of overlapping DG-PUSCH/CG-PUSCH and remaining details on intra-UE multiplexing of UCI of different priorities on PUCCH and PUSCH (except multiplexing/overlapping resolution procedure)
· 1st check point: November 15
· Final check point: November 19

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.

R1-2112667	Summary#2 of email thread [107-e-NR-R17-IIoT-URLLC-04]	Moderator (OPPO)

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.

Agreements from RAN1#106b-e

Agreement
The following working assumption is confirmed.
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

Agreement
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, in case the total number of LP and HP HARQ-ACK bits is 2:
· Use a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK).

R1-2100472	Summary#2 of email thread [106bis-e-NR-R17-IIoT-URLLC-04]	Moderator (OPPO)

Agreement
For both the subslot-based PUCCH and slot-based PUCCH, if simultaneous PUCCH/PUSCH transmission is not enabled, reuse Rel-16 procedure for Step 1

R1-2110547	Summary#3 of email thread [106bis-e-NR-R17-IIoT-URLLC-04]	Moderator (OPPO)

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 and LP HARQ-ACK would be transmitted on HP/LP PUSCH without CSI, 
· HP HARQ-ACK and LP HARQ-ACK are separately encoded according to R15 TS 38.212 Clause 5.3.1 and Clause 5.3.3. 
· Reuse R15 HARQ-ACK rate matching/puncturing and RE mapping for HP HARQ-ACK in principle. FFS details.
· For LP HARQ-ACK, reuse R15 Part 1 CSI rate matching and RE mapping.

Agreement
For determining the PUCCH resource to carry the multiplexed high-priority and low-priority HARQ-ACKs,
· The number of RBs for multiplexing HP HARQ-ACK and LP HARQ-ACK on a PUCCH format 3 is determined as following:
· If  , the minimum number of RBs is determined as the number of , satisfying  and 
· Note:  is multiplied at both sides to avoid mismatch between gNB and UE due to floating point operation. Editor to capture as suggested.
· Otherwise, 
· Alt1: the number of RBs is . FFS: Whether/How LP HARQ-ACK is dropped.
· Alt2: the number of RBs is determined by HP ACK payload size. LP HARQ-ACK is fully dropped. 
· Other alternatives are not precluded.
· r_HP_UCI is maxCodeRate configured for HP bits and r_LP_UCI is maxCodeRate configured for LP bits in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK).
· FFS whether more than one maxCodeRate can be configured for one priority.
· If   is not equal to [image: ] according to [4, TS 38.211],  is increased to the nearest allowed value of nrofPRBs for PUCCH-format3 provided by the second PUCCH-Config [12, TS 38.331].
· HP coded bits and LP coded bits are not transmitted using the same RE(s)
· FFS for PUCCH format 2.

Agreement
For collision between HP CG PUSCH and LP DG PUSCH, if MAC delivers two MAC PDUs to PHY, PHY layer can make the prioritization so that the UE is expected to transmit the CG PUSCH and cancel the DG PUSCH at latest from the first symbol that is overlapping with the CG PUSCH.
· Note: For the DG PUSCH, it is up to UE implementation to handle OFDM symbols of the DG PUSCH before the start of HP CG PUSCH which are nonoverlapping with the HP CG PUSCH.
· FFS: How to handle the collision when there is repetition for CG and/or DG PUSCH

Agreements from RAN1#106-e
R1-2108274	Summary#1 of email thread [106-e-NR-R17-IIoT-URLLC-04]	Moderator (OPPO)

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.

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.

R1-2108336	Summary#2 of email thread [106-e-NR-R17-IIoT-URLLC-04]	Moderator (OPPO)

Conclusion
Simultaneous PUCCH/PUSCH transmission on the same cell is not supported in Rel-17.

R1-2108402	Summary#3 of email thread [106-e-NR-R17-IIoT-URLLC-04]	Moderator (OPPO)

Agreement
In NR Rel-17, [at least] 2 new set of beta offset values can be configured to the UE to indicate separate beta_offset values for the following cases:
· Multiplexing LP HARQ-ACK on HP PUSCH
· Multiplexing HP HARQ-ACK on LP PUSCH

R1-2108556	Summary#4 of email thread [106-e-NR-R17-IIoT-URLLC-04]	Moderator (OPPO)

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

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


Agreements from RAN1#105-e
R1-2106051
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.
 
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 2, treat the two bits as HARQ-ACK bits with High priority.
·           Rel-15 design (for PF0 and PF1) is baseline.
·           Note: QC has strong concern on above scheme. The scheme cannot provide unequal error protection between the HP bit and LP bit hence could suffer from performance degradation for the HP bit. QC accept the scheme for the sake of progress in RAN 1 with the concern on the performance reserved.

Agreements from RAN1#104b-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.
 
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.

Agreements from RAN1#104-e
Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, 
· Use a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK) at least in case the total number of LP and HP HARQ-ACK bits is more than 2.
· FFS: The PUCCH resource is configured dedicated for multiplexing of HP HARQ-ACK and LP HARQ-ACK.
· FFS in case the total number of LP and HP HARQ-ACK bits is 2.
· FFS details
 
Working assumption:
Reuse Rel-15 intra-UE PUCCH/PUSCH multiplexing timeline requirements for Rel-17 intra-UE PUCCH/PUSCH multiplexing with different priorities
· FFS whether or not to specify a different behavior than Rel-15 when the timeline requirements are not met  
 
Agreements:
For multiplexing LP HARQ-ACK in a HP PUSCH, support 0< beta-offset <1.
· FFS value(s)
· FFS to additionally support beta-offset =0 or a value disabling the multiplexing
· Aim to NOT increase the corresponding bitwidth in the DCI (compared to Rel-16)

Agreements:
Per UE with the capability of inter-band CA, simultaneous PUCCH/PUSCH transmission of different PHY priorities over different cells can be RRC configured within the same PUCCH group
· FFS: dynamic indication

Agreements:
When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, further study the following options (proponents are encouraged to provide more details and analysis):
  Opt.1: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
  Opt.1a: The UE does not transmit negative SR.
  Opt.1b: For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.
  Opt.1c: For negative SR, the UE transmits SR and HARQ-ACK on the SR resource
  FFS: whether with power boost to transmit multiplexed payload or not.
  Opt.2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
  Opt.2a: If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
  Opt.2b: Using 4 CS values as for SR+1-bit HARQ-ACK in Rel-15/16. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced/compressed to 1-bit.
  Opt.2c: If SR is positive, SR is multiplexed on HARQ-ACK resource in the same way as Rel-15. If SR is negative, transmit only HARQ-ACK on HARQ-ACK resource.
  Opt.3: No enhancement over Rel-16.
  Other options not excluded.
  FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?


Agreements:
When a PUCCH carrying HP SR with PF0 overlaps with a PUCCH carrying LP HARQ-ACK with PF1, further study the following options (proponents are encouraged to provide more details and analysis):
  Opt.1: The positive SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
  Opt.1a: The UE does not transmit negative SR.
  Opt.1b: For negative SR, the UE transmit only HARQ-ACK on the HARQ-ACK resource.
  Opt.1c: For negative SR, the UE transmits SR and HARQ-ACK on the SR resource
  FFS: whether with power boost to transmit multiplexed payload or not.
  Opt.2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
  Opt.2a: If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
  Opt.2b: Applying QPSK for SR+1-bit HARQ-ACK. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced/compressed to 1-bit.
  FFS on conditions of multiplexing.
  Opt.3: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
  Opt.4: For positive SR, transmit SR on the SR resource and drop HARQ-ACK. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
  Opt.5: No enhancement over Rel-16.
  Other options not excluded.
  FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?

Agreements:
When a PUCCH carrying HP SR with PF1 overlaps with a PUCCH carrying LP HARQ-ACK with PF0, further study the following options (proponents are encouraged to provide more details and analysis):
  Opt.1: The SR and HARQ-ACK are multiplexed and transmitted on the SR resource.
  Opt.1a: For positive SR, the UE transmits the PUCCH in the resource using PUCCH format 1 for SR. The value of cyclic shift of sequence, i.e., , of this PUCCH format 1 is determined by HARQ-ACK, and the bit, i.e., b(0), of this PUCCH format 1 is determined by SR. For negative SR, the UE transmits only a PUCCH with HARQ-ACK information and drops the PUCCH with negative SR.
  Opt.1b: SR and HARQ-ACK are multiplexed and modulated to be transmitted on the SR resource
  Opt.2: The SR and HARQ-ACK are multiplexed and transmitted on the HARQ-ACK resource.
  Opt.2a: If SR is positive, an offset (e.g. 1 PRB) is added to the starting PRB of the HARQ-ACK PUCCH resource.
  Opt.2b: Using 4 CS values as for SR+1-bit HARQ-ACK in Rel-15/16. For the case of 2-bit HARQ-ACK, the HARQ-ACK is reduced/compressed to 1-bit.
  Opt.2c: If SR is positive, SR is multiplexed on HARQ-ACK resource in the same way as Rel-15. If SR is negative, transmit only HARQ-ACK on HARQ-ACK resource.
  Opt.2d: HP SR and LP HARQ-ACK are multiplexed by the Rel-15 cyclic shift only if latency requirement for HP SR is met. Otherwise, drop the LP HARQ-ACK and only transmit the HP SR on its resource.
  Opt.3: For positive SR, transmit HARQ-ACK on the SR resource. For negative SR, transmit HARQ-ACK on the HARQ-ACK resource.
  Opt.4: No enhancement over Rel-16.
  Other options not excluded.
  FFS: Whether/How to differentiate HP SR and LP SR when multiplexed with LP HARQ-ACK?

Agreements from RAN1#103-e
Agreements:
For multiplexing UCIs of different priorities in a PUCCH in R17, 
· Support of multiplexing between different resources not confined within a sub-slot if conditions are met
· FFS: Details 
· Support multiplexing in case a PUCCH overlaps with more than one PUCCH if conditions are met
· FFS details

Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits are more than 2 bits, down-select from the following options in RAN1#104-e:
l Option 1: Support joint coding.
l Option 2: Support separate coding.
l Option 3: Combination of Option1 and 2.
l FFS the details
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, when the total number of LP and HP HARQ-ACK bits is 2 bits, provide design details for decision for the following cases in RAN1#104-e:
·        Multiplexing on a PUCCH format 0
·        Multiplexing on a PUCCH format 1

Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, support a mechanism for gNB to enable/disable the multiplexing.
· FFS the type of the mechanism, e.g. DCI indication and/or RRC configuration
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI.

Agreements:
For HARQ-ACK multiplexing on PUSCH of different priority in R17, support a mechanism for gNB to enable/disable the multiplexing.
· FFS the type of the mechanism, e.g. DCI indication and/or RRC configuration, beta_offset=0
· FFS: Interaction between the enable/disable mechanism and other multiplexing conditions
· FFS for other types of UCI.

Agreements:
Support PHY prioritization of overlapping high-priority dynamic grant PUSCH and low-priority configured grant PUSCH on a BWP of a serving cell in R17.
· FFS the related cancelation behavior for the PUSCH of lower PHY priority and other details.
· First clarify what is the scope of this feature, e.g. if overlapping between more than 2 channels is considered.
· FFS the timeline requirements.
· First clarify what is the behavior of Rel-16 UE in case of DG/CG/UCI overlapping, with and without uplink skipping enabled.
· FFS UE capability for this feature.
· Note: The main bullet has been agreed in the WID by RAN Plenary.

Email summary in R1-2009546

Agreements from RAN1#102-e
Agreements:
Support multiplexing for following scenarios in R17:
· Multiplexing a high-priority HARQ-ACK and a low-priority HARQ-ACK into a PUCCH in R17.
· Multiplexing a low-priority HARQ-ACK and a high-priority SR into a PUCCH for some HARQ-ACK/SR PF combinations (FFS applicable combinations).
· Multiplexing a low-priority HARQ-ACK, a high-priority HARQ-ACK and a high-priority SR into a PUCCH.
For the above multiplexing scenarios,
· FFS conditions, if needed, for the multiplexing, e.g
· Whether to support multiplexing between different resources not confined within a sub-slot.
· Whether to support multiplexing in case a PUCCH overlaps with more than one PUCCH.
· Timeline requirements.
· FFS: details, if needed, of the multiplexing scheme, e.g.
· How to minimize impact on the latency for high-priority HARQ-ACK.
· How to determine the PUCCH resource used for multiplexing (e.g. HP or LP PUCCH resource, or a dedicated PUCCH resource for the multiplexing).
· How to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling).
· How to encode the UCIs with different priorities (e.g. separate coding vs. joint coding)
· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).
· Explicit indication for enabling multiplexing.
· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).
 
Agreements:
Support multiplexing for following scenarios in R17:
· [bookmark: _Hlk54214078]Multiplexing a low-priority HARQ-ACK in a high-priority PUSCH (conveying UL-SCH only).
· Multiplexing a high-priority HARQ-ACK in a low-priority PUSCH (conveying UL-SCH only)
· Multiplexing a low-priority HARQ-ACK, a high-priority PUSCH conveying UL-SCH, a high-priority HARQ-ACK and/or CSI.
· Multiplexing a high-priority HARQ-ACK, a low-priority PUSCH conveying UL-SCH, a low-priority HARQ-ACK and/or CSI.
For the above multiplexing scenarios,
· Support separate configurations of at least beta-offset values (FFS for alpha) for multiplexing with different priority combinations. 
· FFS for other separate configurations.
· FFS: value range of beta-offset (e.g. <1).
· FFS the conditions, if needed, for multiplexing, e.g.
· FFS: Whether to support multiplexing in case a PUCCH/PUSCH overlaps with more than one PUCCH/PUSCH.
· Timeline requirements.
· FFS: details, if needed, of the multiplexing scheme, e.g.
· How to minimize impact on the latency for high-priority HARQ-ACK.
· How to multiplex the HARQ-ACK bits (e.g. multiplexing, bundling)?
· How to encode the UCIs with different priorities (e.g. separate coding vs. joint coding).
· How to guarantee the target code rate (e.g. payload control, multiplexing priority, LP HARQ-ACK compression/compaction).
· Explicit indication for multiplexing.
· Multiplexing rule and order (e.g. HP/LP multiplexing is after resolving collision within the same priority).
· How to handle multiplexing of UCI of different priorities and CG-UCI in a CG-PUSCH
 
Agreements:
Support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH in R17.
· FFS details
· Clarify R16 baseline if needed.
 
Agreements:
Support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA.
· FFS how to trigger this function. 
· FFS for intra-band CA.
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