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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]. 
This contribution proposes to prioritize work on multiplexing transmissions of different priorities on same resource. The contribution further proposes to agree on a number of design aspects for multiplexing on PUCCH or PUSCH:
· A mechanism based on DCI indication to enable/disable HARQ-ACK multiplexing on PUCCH or PUSCH;
· Determination of PUCCH resource for multiplexing
· Resource sharing when multiplexing LP and HP HARQ-ACK on PUCCH 
· Power control when multiplexing LP and HP HARQ-ACK on PUCCH
· Handling of DCI mis-detection
· Handling of multiplexing HP SR with LP HARQ-ACK (with format 0/1);

Work prioritization
At RAN#92-e and RAN#93-e, discussions took place on the scope of the WI, including aspects related to intra-UE multiplexing and prioritization. RAN did not reach agreement on down-scoping. The main components subject to potential downscoping can be identified as follows:
· Multiplexing transmissions of different priorities on same resource
· Physical layer prioritization between dynamic grant and configured grant PUSCHs
· Simultaneous PUCCH/PUSCH transmissions on different cells

It is noted that most of the work and agreements achieved so far are related to the first component (multiplexing transmissions on same resource). Supporting multiplexing on same resource has the benefit of avoiding retransmissions of low-priority PDSCH or PUSCH without requiring inter-band carrier aggregation. Therefore, it is preferable to prioritize efforts on that component first. The second priority should be on physical layer prioritization between dynamic grant and configured grant PUSCH.
Proposal 1: For intra-UE multiplexing and prioritization, focus efforts on multiplexing transmissions of different priorities on same resource (first priority) and physical layer prioritization between DG and CG PUSCH (second priority).
Multiplexing on PUCCH
Mechanism to enable/disable multiplexing
RAN1 agreed to support a mechanism for gNB to enable/disable multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH. Details of such mechanism, such as whether it is by DCI and/or RRC and interaction with other multiplexing conditions, remain to be discussed.
Whether multiplexing a high-priority HARQ-ACK codebook with a low-priority one is acceptable from latency and reliability perspective depends not only on the required transmission power and on the resource on which multiplexing would take place, but also on the specific QoS requirements of the downlink data associated to high-priority HARQ-ACK. The latter is only known to the network and is subject to vary dynamically from one codebook to the other. For this reason, an indication by DCI is required. Since the decision on whether multiplexing is enabled would typically happen at the time of scheduling PDSCH of the high-priority transmission, the indication should be contained in that DCI.
Proposal 2: DCI indicating HP HARQ-ACK also indicates if UE multiplexes HP HARQ-ACK with LP HARQ-ACK.
For the indication, the main options are to either introduce a new field or reuse an existing field (of possibly larger size), such as the PUCCH resource indicator field (PRI) or the priority indicator field. In case a HARQ-ACK codebook is not associated to any DCI (i.e. DL SPS), the indication needs to be part of the RRC configuration.
Proposal 3: RRC configuration of SPS with HP HARQ-ACK includes an indication of whether the UE can multiplex HP HARQ-ACK with LP HARQ-ACK.
RAN1 agreed on multiplexing scenarios involving HP SR and LP HARQ-ACK on PUCCH. In the case of SR, it should be possible to configure by RRC whether multiplexing is enabled or not on a per-resource basis. This allows the network to enable/disable multiplexing of SR resources depending on the associated logical channel(s). 
Proposal 4: RRC configuration of a HP SR resource includes an indication of whether the UE can multiplex HP SR with LP HARQ-ACK.
PUCCH resource for multiplexing
If a DCI indicates that multiplexing is enabled, a robust solution would be that this DCI also indicates the PUCCH resource on which multiplexing takes place. Such resource would naturally be taken from the PUCCH configuration associated to the HP HARQ-ACK codebook (as agreed in RAN1#104 for total number of bits larger than 2). This would help ensure that the reliability target of HP HARQ-ACK is met. Even for the case of 2 bits, the resource must be taken from the HP (second) PUCCH configuration because power control configuration within the LP PUCCH configuration would not warrant the required reliability for the HP HARQ-ACK.
Proposal 5: DCI indicating HP HARQ-ACK also indicates the PUCCH resource for multiplexing HP HARQ-ACK and LP HARQ-ACK.
Proposal 6: The PUCCH resource for multiplexing HP HARQ-ACK and LP HARQ-ACK is from the PUCCH configuration for HP HARQ-ACK (for any total number of LP and HP bits).
Resource sharing when multiplexing LP and HP HARQ-ACK on PUCCH
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.
In RAN1#106-e, RAN1 also agreed that an additional maxCodeRate parameter per PUCCH format can be configured for LP HARQ-ACK when transmitted in the second PUCCH-Config. This parameter can be used along with the maxCodeRate parameter for HP HARQ-ACK to determine the number of source UCI bits of each type and the minimum number of PRBs (in case of PUCCH format 3). Using a single maximum code rate applicable to all types of UCI (as in current section 9.2.5.2 of 38.213) could result in over-protecting LP bits, thereby transmitting at excessive power level and/or using excessive bandwidth for the PUCCH. The appropriate condition when the UE multiplexes OHP HP and OLP LP HARQ-ACK bits considers the estimated sum of resource elements that should be used for HP and LP bits, i.e. OHP/RHP and OLP/RLP if RHP and RLP are the configured maxCodeRate parameters for HP HARQ-ACK and LP HARQ-ACK respectively.
Proposal 7: When multiplexing OHP HP HARQ-ACK and OLP LP HARQ-ACK in PUCCH format 3 or 4 with MRBPUCCH PRBs, the UE transmits all HP and LP HARQ-ACK bits if the following condition is satisfied, otherwise the UE transmits all HP HARQ-ACK bits and drop all LP HARQ-ACK bits:
OHP / RHP + OLP / RLP £ MRBPUCCH·Nsc,ctrlRB·Nsymb-UCIPUCCH·Qm

where RHP and RLP are maxCodeRate configured for HP and LP HARQ-ACK bits, respectively, and Nsc,ctrlRB, Nsymb-UCIPUCCH and Qm have same meaning as in 38.213 section 9.2.5.2.
 
Proposal 8: When multiplexing OHP HP HARQ-ACK and OLP LP HARQ-ACK in PUCCH format 3, the UE selects the minimum number MRB,minPUCCH of PRBs satisfying the following condition:
OHP / RHP + OLP / RLP £ MRB,minPUCCH·Nsc,ctrlRB·Nsymb-UCIPUCCH·Qm

where RHP and RLP are maxCodeRate configured for HP and LP HARQ-ACK bits, respectively, and Nsc,ctrlRB, Nsymb-UCIPUCCH and Qm have same meaning as in 38.213 section 9.2.5.2.

The above conditions ensure that the coding rate of HP bits does not exceed the configured maxCodeRate. However, one drawback is that it can result in overallocation of resources (or excessively low coding rate) to LP bits. This could happen for example in case of relatively low number of LP bits and when MRB,minPUCCH is 1, or when the number of LP bits is just above the threshold below which the payload would fit for a certain MRB. This is because the agreed rate matching formula allocates resources to HP bits such that the maxCodeRate is exactly met, while all remaining resources are allocated to LP bits. To mitigate the resulting waste of resources, one possibility is to configure a second parameter maxCodeRate2 for HP bits that is lower than maxCodeRate. In case sufficient resources are available to accommodate HP bits with maxCodeRate2 and LP bits with its maxCodeRate without increasing the number of required resource blocks, the UE should perform rate matching using maxCodeRate2 for HP bits.
Proposal 9: Support additional maxCodeRate2 parameter for HP HARQ-ACK. In case the same number of RBs is sufficient to accommodate resources for both HP and LP coded bits when HP bits use either maxCodeRate or maxCodeRate2, the HP maxCodeRate for rate matching is the minimum between maxCodeRate and maxCodeRate2.
Power control when multiplexing LP and HP HARQ-ACK on PUCCH
The power control formula for PUCCH format 2, 3 and 4 of Rel-15 is a function of the numbers of information bits per resource element (BPRE) and does not differentiate bits that are separately encoded since the difference in effective coding rates is not expected to be large. However, when multiplexing HP and LP HARQ-ACK bits, the coding rates can be significantly different. The power setting should ideally be such that the reliability requirements of HP and LP bits are both met or only slightly exceeded to avoid unnecessarily high transmit power. To realize this, one possibility could be that the UE separately calculates required power for HP and LP bits for a set of payloads and take the maximum between the two. However, this somewhat adds complexity as additional new RRC parameter (P0) is then required for LP bits. 
A simpler approach is to target the reliability requirement of HP bits only and rely on configuration of maxCodeRate parameters for HP and LP bits to ensure that the requirement of LP bits is met at a slightly lower power than for HP bits for different payload combinations. The agreed rate matching formula provides some additional margin to LP bits since it generally results in lower coding rate than the maxCodingRate configured for LP bits. To target the reliability requirement of HP bits, the applicable BPRE in the power control adjustment formulas should be set to that of HP bits, i.e. BPREHP. Since the rate matching formula sets the number of coded bits for HP bits to maxCodeRate whenever HP and LP bits are multiplexed together, it follows that:
BPREHP = maxCodeRateHP·Qm  		if HP HARQ-ACK is multiplexed with LP HARQ-ACK
Proposal 10: For a PUCCH format 3 or format 4 when HP HARQ-ACK is multiplexed with LP HARQ-ACK, the BPRE term in PUCCH transmission power adjustment component DTF,b,f,c is set to BPRE = maxCodeRate·Qm where maxCodeRate is the configured maximum coding rate for HP bits and Qm is the modulation order.
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. Since the DAI of the LP HARQ-ACK is only useful in the HP DCI and when multiplexing with LP HARQ-ACK is enabled, it could be advantageous to combine the priority index, the indication of whether multiplexing is enabled and the DAI of LP HARQ-ACK within a single field.
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 potential consequence is that significant portion of power may never be available for HP bits in that case. 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 11: 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.
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 12: 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 13: 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 14: 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.
Multiplexing on PUSCH
UCI on PUSCH configurations
In RAN1#106-e, RAN1 agreed to support at least 2 new set of beta offset values to indicate separate beta offset for the cases of LP HARQ-ACK multiplexed on HP PUSCH and HP HARQ-ACK multiplexed on LP PUSCH.
In R16, there is a single beta_offset indicator field in a DCI format 0_1 or 0_2. In a scenario where both LP HARQ-ACK and HP HARQ-ACK are multiplexed in LP (or HP) PUSCH, the DCI may need to indicate 2 sets of beta_offsets parameters, one for each of LP and HP HARQ-ACK. To support this, one could either extend a single beta_offset indicator field so that each value points to two sets of beta_offsets parameters, or one could introduce two separate beta_offset indicator fields. The latter option may be preferable if certain values of a beta_offset indicator are reserved to disable multiplexing for a certain priority index.
Proposal 15: DCI format 0_1 and 0_2 can be configured with two beta_offset indicator fields, where one is applicable to LP HARQ-ACK and the other to HP HARQ-ACK.
Mechanism to enable/disable multiplexing
RAN1 agreed to support a mechanism for gNB to enable/disable multiplexing HARQ-ACK on PUSCH of different priority. Details of such mechanism, such as whether it is by DCI and/or RRC and interaction with other multiplexing conditions, remain to be discussed.
As for the case of LP HARQ-ACK multiplexed with HP HARQ-ACK, dynamic control by DCI is required to adapt to QoS requirements of the data carried by or associated to the HP PUSCH or HP HARQ-ACK. The decision to multiplex or not the high-priority transmission should also take place when the high-priority transmission is scheduled. This implies that the indication should be included in the DCI associated to the HP transmission (PUSCH or HARQ-ACK).
Proposal 16: DCI scheduling HP PUSCH indicates if UE multiplexes LP HARQ-ACK in HP PUSCH.
Proposal 17: DCI indicating HP HARQ-ACK also indicates if UE multiplexes HP HARQ-ACK in LP PUSCH.
In the case of multiplexing on HP PUSCH scheduled by DCI, the beta_offset indicator field is a good candidate for the indication of multiplexing. In case only LP HARQ-ACK is multiplexed on HP PUSCH, one value of the field can be reserved to indicate that LP HARQ-ACK is not multiplexed and other values can be used to indicate that LP HARQ-ACK is multiplexed and for determining the applicable beta/alpha parameters. It would also be possible that one value indicates that LP HARQ-ACK is separately transmitted on PUCCH, if simultaneous PUCCH/PUSCH is configured for this carrier. 
Proposal 18: A beta_offset indicator field set to 0 indicates that UE disables multiplexing of LP HARQ-ACK in HP PUSCH.
In the case of multiplexing on HP PUSCH corresponding to configured grant, the indication to enable/disable multiplexing should be configured by RRC for each configured grant configuration.
Proposal 19: RRC configuration for each HP CG configuration includes an indication of whether the UE can multiplex LP HARQ-ACK in corresponding HP PUSCH.
In the case of multiplexing HP HARQ-ACK on LP PUSCH, when the HP HARQ-ACK codebook is not associated to any DCI (i.e. DL SPS), the indication to allow multiplexing in LP PUSCH needs to be part of the RRC configuration.
Proposal 20: RRC configuration of SPS with HP HARQ-ACK includes an indication of whether the UE can multiplex HP HARQ-ACK in LP PUSCH.
Handling of missing last DCI
The DCI scheduling PUSCH can include a DAI field corresponding to the size of a multiplexed HARQ-ACK codebook to protect against the loss of a last DCI. In case both LP HARQ-ACK and HP HARQ-ACK can be multiplexed in a PUSCH, one DAI may be required for each HARQ-ACK codebook. One possible solution could be to include the two DAI values in the DCI scheduling PUSCH. However, if a DAI for the LP HARQ-ACK codebook is anyway included in the DCI indicated HP HARQ-ACK (as proposed in previous section), the DCI scheduling PUSCH can indicate the DAI of the HP HARQ-ACK only.
Proposal 21: DCI scheduling PUSCH includes a single DAI value. In case both LP and HP HARQ-ACK are multiplexed in PUSCH, the DAI corresponds to HP HARQ-ACK only.
Conclusion.
This contribution proposed the following:
Proposal 1: For intra-UE multiplexing and prioritization, focus efforts on multiplexing transmissions of different priorities on same resource (first priority) and physical layer prioritization between DG and CG PUSCH (second priority).
Proposal 2: DCI indicating HP HARQ-ACK also indicates if UE multiplexes HP HARQ-ACK with LP HARQ-ACK.
Proposal 3: RRC configuration of SPS with HP HARQ-ACK includes an indication of whether the UE can multiplex HP HARQ-ACK with LP HARQ-ACK.
Proposal 4: RRC configuration of a HP SR resource includes an indication of whether the UE can multiplex HP SR with LP HARQ-ACK.
Proposal 5: DCI indicating HP HARQ-ACK also indicates the PUCCH resource for multiplexing HP HARQ-ACK and LP HARQ-ACK.
Proposal 6: The PUCCH resource for multiplexing HP HARQ-ACK and LP HARQ-ACK is from the PUCCH configuration for HP HARQ-ACK (for any total number of LP and HP bits).
Proposal 7: When multiplexing OHP HP HARQ-ACK and OLP LP HARQ-ACK in PUCCH format 3 or 4 with MRBPUCCH PRBs, the UE transmits all HP and LP HARQ-ACK bits if the following condition is satisfied, otherwise the UE transmits all HP HARQ-ACK bits and drop all LP HARQ-ACK bits:
OHP / RHP + OLP / RLP £ MRBPUCCH·Nsc,ctrlRB·Nsymb-UCIPUCCH·Qm

where RHP and RLP are maxCodeRate configured for HP and LP HARQ-ACK bits, respectively, and Nsc,ctrlRB, Nsymb-UCIPUCCH and Qm have same meaning as in 38.213 section 9.2.5.2.
 
Proposal 8: When multiplexing OHP HP HARQ-ACK and OLP LP HARQ-ACK in PUCCH format 3, the UE selects the minimum number MRB,minPUCCH of PRBs satisfying the following condition:
OHP / RHP + OLP / RLP £ MRB,minPUCCH·Nsc,ctrlRB·Nsymb-UCIPUCCH·Qm

where RHP and RLP are maxCodeRate configured for HP and LP HARQ-ACK bits, respectively, and Nsc,ctrlRB, Nsymb-UCIPUCCH and Qm have same meaning as in 38.213 section 9.2.5.2.

Proposal 9: Support additional maxCodeRate2 parameter for HP HARQ-ACK. In case the same number of RBs is sufficient to accommodate resources for both HP and LP coded bits when HP bits use either maxCodeRate or maxCodeRate2, the HP maxCodeRate for rate matching is the minimum between maxCodeRate and maxCodeRate2.
Proposal 10: For a PUCCH format 3 or format 4 when HP HARQ-ACK is multiplexed with LP HARQ-ACK, the BPRE term in PUCCH transmission power adjustment component DTF,b,f,c is set to BPRE = maxCodeRate·Qm where maxCodeRate is the configured maximum coding rate for HP bits and Qm is the modulation order.
Proposal 11: DCI indicating HP HARQ-ACK includes an indication of the DAI of LP HARQ-ACK.
Proposal 12: 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 13: 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 14: 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.
Proposal 15: DCI format 0_1 and 0_2 can be configured with two beta_offset indicator fields, where one is applicable to LP HARQ-ACK and the other to HP HARQ-ACK.
Proposal 16: DCI scheduling HP PUSCH indicates if UE multiplexes LP HARQ-ACK in HP PUSCH.
Proposal 17: DCI indicating HP HARQ-ACK also indicates if UE multiplexes HP HARQ-ACK in LP PUSCH.
Proposal 18: A beta_offset indicator field set to 0 indicates that UE disables multiplexing of LP HARQ-ACK in HP PUSCH.
Proposal 19: RRC configuration for each HP CG configuration includes an indication of whether the UE can multiplex LP HARQ-ACK in corresponding HP PUSCH.
Proposal 20: RRC configuration of SPS with HP HARQ-ACK includes an indication of whether the UE can multiplex HP HARQ-ACK in LP PUSCH.
Proposal 21: DCI scheduling PUSCH includes a single DAI value. In case both LP and HP HARQ-ACK are multiplexed in PUSCH, the DAI corresponds to HP HARQ-ACK only.
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Appendix		Previous agreements
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.
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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.


