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1. [bookmark: _Ref521334010]Introduction
This document summarizes the discussions in contributions and during RAN1#107-e under the following email thread:
[107-e-NR-R17-IIoT-URLLC-03] Email discussion on intra-UE multiplexing/prioritization – Yanping (CATT)
· Focus on simultaneous TX of PUCCH/PUSCH and multiplexing/overlapping resolution procedure for intra-UE multiplexing of UCI of different priorities on PUCCH and PUSCH
· 1st check point: November 15
· Final check point: November 19

2. Proposals for GTW sessions
2.1. Proposals for GTW session on Nov. 12th 
[High priority] Proposal 1-1-1b: 
Dynamic indication for enabling/disabling multiplexing of PUCCHs/PUSCHs with different priorities is supported in Rel-17 subject to UE capability.
· For an incapable UE, multiplexing of PUCCHs/PUSCHs with different priorities is enabled/disabled according to RRC configuration only.
· For a capable UE, it is up to gNB to configure whether the dynamic indication is enabled or not.
· dynamic indication can be enabled only if multiplexing of PUCCHs/PUSCHs with different priorities is enabled by RRC configuration.
Rel-15 multiplexing timeline is applied required for all overlapping channels (including dropped channels) involved in for multiplexing of PUCCHs/PUSCHs with different priorities in Step 2.
· UE is not expected to receive a dynamic indication resulting demultiplexing of two previously multiplexed channels after the deadline to determine to multiplex PUCCHs/PUSCHs with different priorities according to Rel-15 multiplexing timeline
· 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).
· UE is not expected to be dynamically indicated to multiplex PUCCHs/PUSCHs with different priorities if the dynamic indication does not meet the Rel-15 multiplexing timeline.
Dropping/prioritization timeline in step 2 depends on UE capability 
· Capability #1: Rel-15 multiplexing timeline is applied for dropping in step 2.
· Capability #2: Rel-16 cancellation timeline is applied for prioritization in step 2. 
FFS whether multiplexing/cancellation timeline is required for a PUSCH supporting simultaneous transmission with PUCCH

Companies’ views for the original proposal are as follows. There is no sufficient time to check the updates with all companies.
	
	Company

	Support
	Samsung, Huawei/Hisi, Nokia/NSB, Sony, [InterDigital], Intel, ZTE, DOCOMO (as compromise), Panasonic, Xiaomi, vivo, CATT,TCL, Quectel, Ericsson (support first part of proposal), ITRI

	Not support
	LG, QC, Sharp, Apple, Ericsson (not support second part of proposal), OPPO



[High priority] Proposal 2-1-1a: 
Simultaneous PUCCH/PUSCH transmission of same priority over different cells is supported in Rel-17.
· Simultaneous PUCCH/PUSCH transmission of same priority and simultaneous PUCCH/PUSCH transmission of different priorities are jointly enabled/disabled by RRC configuration
	
	Company

	Support
	QC, CATT, MediaTek (it should be separately enabled/disabled), Apple (for inter-band CA only, not for intra-band CA)

	Not support
	LG, Ericsson, Nokia/NSB, Huawei/Hisi, Lenovo/Motorola Mobility, Sony


[bookmark: _GoBack]
[High priority] Proposal 2-2-1: 
Support simultaneous PUCCH/PUSCH transmissions on different cells for intra-band CA subject to UE capability.
	
	Company

	Support
	Samsung, Huawei/Hisi, DOCOMO, LG (open), CATT,TCL, Ericsson

	Not support
	Nokia/NSB, Intel, QC (would be OK with an updated proposal as below), Sharp, Panasonic, Apple, Quectel




3. Agreements in previous meetings
3.1. Rel-17 Intra-UE multiplexing & prioritization framework
RAN1#106-e (Aug. 2021)
	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



RAN1#106bis-e (Oct. 2021)
	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 both the subslot-based PUCCH and slot-based PUCCH, if simultaneous PUCCH/PUSCH transmission is not enabled, reuse Rel-16 procedure for Step 1


3.2. Intra-UE multiplexing enhancements of different priorities (on PUCCH & PUSCH)
RAN1#102-e (Aug. 2020)
	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:
· 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




RAN1#103-e (Oct./Nov. 2020)
	
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:
· Option 1: Support joint coding.
· Option 2: Support separate coding.
· Option 3: Combination of Option1 and 2.
· 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.




RAN1#104-e (Jan/Feb. 2021)
	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:
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?




RAN1#104bis-e (April 2021)
	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.




RAN1#105-e (May 2021)
	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.




RAN1#106-e (Aug. 2021)
	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.


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

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




RAN1#106bis-e (Oct. 2021)
	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).


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.




3.3. Simultaneous PUCCH/PUSCH transmission
RAN1#102-e (Aug. 2020)
	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.



RAN1#104-e (Jan/Feb. 2021)
	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



RAN1#106-e (Aug. 2021)
	Conclusion
Simultaneous PUCCH/PUSCH transmission on the same cell is not supported in Rel-17.



4. Discussion
4.1. Rel-17 intra-UE multiplexing (w/o interaction with simultaneous PUCCH/PUSCH transmission)
1. 
2. 
3. 
4. 
4.1. 
1. 
2. 
3. 
4. 
4.1. 
Enabling/disabling and timeline requirements of Rel-17 intra-UE multiplexing
4.1.1.1. 1st round discussion
According to the previous agreement, step 2 resolves overlapping PUCCHs and/or PUSCHs with different priorities after resolving overlapping PUCCHs and/or PUSCHs with the same priority in step 1. It should be clear that Rel-15 multiplexing timeline applies to PUCCHs/PUSCHs with the same priority in step 1.
	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 both the subslot-based PUCCH and slot-based PUCCH, if simultaneous PUCCH/PUSCH transmission is not enabled, reuse Rel-16 procedure for Step 1



For step 2, multiplexing or cancellation may be performed for PUCCHs/PUSCHs with different priorities depending on the enabling/disabling of multiplexing of PUCCHs/PUSCHs with different priorities, combination of UCI types, etc. The timeline requirements for multiplexing and cancellation are separately discussed as follows.
Multiplexing timeline for overlapping PUCCHs and/or PUSCHs with different priorities in step 2
It seems agreeable that Rel-15 multiplexing timeline is applied for multiplexing of PUCCHs/PUSCHs with different priorities in Step 2. It may be beneficial to elaborate what it means to have a common understanding.
Starting from the simplest case where the LP HARQ-ACK is to be multiplexed in HP HARQ-ACK as illustrated in Figure 1, the HP DCI should come  earlier than the start of LP HARQ-ACK and the PDSCH should end  earlier than the start of LP HARQ-ACK according to Rel-15 multiplexing timeline.


[bookmark: _Ref87438513]Figure 1: Rel-15 multiplexing timeline applied in step 2 for two overlapping channels
For more than two channels, let’s discuss the following two multiplexing scenarios.
· Multiplexing scenario 1
For scenario 1, channel B is supposed to be multiplexed with channel A if there is no channel C. But with channel C, channel B is multiplexed with channel C and there is no multiplexing for channel A in the end. From timeline perspective, Rel-15 multiplexing timeline has to be satisfied with reference to channel A.
An example in Rel-15 is shown in Figure 2. CSI is supposed to be multiplexed with PUSCH if there is no dynamic PUCCH. However, with dynamic PUCCH, CSI is multiplexed with HARQ-ACK and there is no UCI multiplexing in PUSCH in the end. Rel-15 multiplexing timeline needs to be satisfied with reference to the earliest overlapping channels, i.e. PUSCH, so that UE knows whether there is UCI to be multiplexed in PUSCH before PUSCH preparation. Therefore, DCI for dynamic PUCCH should come  earlier than the start of PUSCH.


[bookmark: _Ref87439939]Figure 2: Example of multiplexing scenario 1 in Rel-15
Similarly, for multiplexing of overlapping PUCCHs and/or PUSCHs with different priorities, the same multiplexing timeline applies. An example is shown in Figure 3. Assuming it is agreed to resolve collision of PUCCHs with different priorities first followed by collision resolution of PUCCHs and PUSCHs of different priorities in step 2, HP DCI should come  earlier than the start of HP PUSCH.


[bookmark: _Ref87440555]Figure 3: Example of multiplexing scenario 1 in Rel-17
Note that the timeline applies regardless of how the multiplexing of overlapping PUCCHs and/or PUSCHs with different priorities is enabled. Assuming dynamic enabling/disabling of multiplexing of overlapping PUCCHs and/or PUSCHs with different priorities is supported, the following cases provided in [28] are error cases since HP grant in the left figure and HP grant 2 in the right figure cancel multiplexing of the two blue channels but the DCIs do not satisfy Rel-15 multiplexing timeline.
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Figure 4: Example of multiplexing scenario 1 in Rel-17 with dynamic enabling/disabling of inter-priority of multiplexing

· Multiplexing scenario 2
For scenario 2, channel B is not supposed to be multiplexed with channel A if there is no channel C. But with channel C, channel B is supposed to be multiplexed with channel A. From timeline perspective, Rel-15 multiplexing timeline has to be satisfied with reference to channel A.
An example in Rel-15 is shown in Figure 5. CSI is not supposed to be multiplexed with PUSCH if there is no dynamic PUCCH. However, with dynamic PUCCH, CSI is multiplexed with HARQ-ACK into a new PUCCH resource overlapping with PUSCH so that HARQ-ACK and CSI are supposed to be multiplexed in PUSCH. Rel-15 multiplexing timeline needs to be satisfied with reference to the earliest overlapping channels, i.e. PUSCH, so that UE knows whether there is UCI to be multiplexed in PUSCH before PUSCH preparation. Therefore, DCI for dynamic PUCCH should come  earlier than the start of PUSCH.



[bookmark: _Ref87441282]Figure 5: Example of multiplexing scenario 2 in Rel-15
Similarly, for multiplexing of overlapping PUCCHs and/or PUSCHs with different priorities, the same multiplexing timeline applies. For the example shown in Figure 6, HP DCI should come  earlier than the start of LP PUSCH so that UE knows whether there is UCI to be multiplexed in PUSCH before PUSCH preparation.


[bookmark: _Ref87441537]Figure 6: Example of multiplexing scenario 2 in Rel-17
Same as scenario 1, the timeline applies regardless of how the multiplexing of overlapping PUCCHs and/or PUSCHs with different priorities is enabled. Assuming dynamic enabling/disabling of multiplexing of overlapping PUCCHs and/or PUSCHs with different priorities is supported, the following cases provided in [28] are error cases since HP grants would trigger multiplexing which was not expected before receiving the DCI but the DCIs do not satisfy Rel-15 multiplexing timeline.
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Figure 7: Example of multiplexing scenario 2 in Rel-17 with dynamic enabling/disabling of inter-priority of multiplexing
Cancellation timeline for overlapping PUCCHs and/or PUSCHs with different priorities in step 2
For cancellation timeline, there was a debate in the last meeting on whether Rel-15 multiplexing timeline or Rel-16 cancellation timeline applies. 
If Rel-15 multiplexing timeline applies, the LP channel is entirely cancelled but there would be additional restriction on HP scheduling. On the contrast, if Rel-16 cancellation timeline applies, the LP channel may be partially dropped as in Rel-16 if a HP DCI comes late. Assuming multiplexing of PUCCHs and/or PUSCHs with different priorities is not enabled, the scheduling illustrated in Figure 8 is not allowed if Rel-15 multiplexing timeline applies for cancellation while it is allowed if Rel-16 cancellation timeline applies.


[bookmark: _Ref87455186]Figure 8: Rel-16 cancellation timeline 
The trade-off is UE implementation complexity and latency of HP UCI/PUSCH. In order to move forward, it is proposed to define two separate UE capabilities with different dropping/prioritization timelines as discussed in the last meeting.
Dynamic enabling/disabling of multiplexing of overlapping PUCCHs and/or PUSCHs with different priorities
Whether or not to support dynamic enabling/disabling of Rel-17 intra-UE multiplexing in addition to RRC-based enabling/disabling was extensively discussed in previous RAN1 meetings without conclusion. It is widely supported due to:
· It is the simplest solution to support Rel-16 cancellation timeline without the need of UE checking the timeline to determine whether to perform multiplexing or prioritization
· latency and/or reliability of HP UCI/PUSCH can be guaranteed without introducing additional rules to determine whether to perform multiplexing or cancellation
· Avoid additional specification efforts on specifying bundling/compression of LP HARQ-ACK
The concern is mainly on UE implementation complexity, especially if UE needs to de-multiplex UCI/PUSCH according to the dynamic indication after the deadline when UE determines to multiplex the UCI/PUSCH, or UE needs to multiplex the UCI according to the dynamic indication after the deadline when UE determines to drop the UCI. However, according to the multiplexing timeline analyzed above, there is no issue as long as Rel-15 timeline applies for multiplexing in step 2. Therefore, it is proposed to support dynamic indication for enabling/disabling multiplexing of PUCCHs/PUSCHs with different priorities subject to UE capability.

There are many details of dynamic indication for enabling/disabling multiplexing of PUCCHs/PUSCHs with different priorities to be discussed. The details were not thoroughly discussed in previous meetings and the inputs from companies’ contributions are limited so that it is not clear to moderator whether we can conclude in the first round. However, it is still beneficial to check companies’ views on some of the issues as early as possible. 
One of the issues is that whether UE only follows dynamic indication in HP DCI or not. It was proposed by some companies to follow dynamic indication in HP DCI only, i.e. the indication in a LP DCI, if any, does not take effect. In this case, for a LP PUSCH scheduled by a LP UL grant, whether HP UCI can be multiplexed in the LP PUSCH cannot be dynamically indicated by the LP DCI. Therefore, a predefined rule may be needed. Companies are invited to share your views especially if you see a strong need to follow the indication in LP DCI as well.
Another issue is that whether inconsistent indications in multiple DCIs associated with HP PUCCH(s) within a same slot/sub-slot is allowed or not. An example is shown in Figure 9.


[bookmark: _Ref87447934]Figure 9: inconsistent indications in multiple DCIs associated with HP PUCCH(s) within a same slot/sub-slot
The simplest solution is to preclude inconsistent indications in multiple DCIs associated with HP PUCCH(s) within a same slot/sub-slot. Companies are invited to share your views especially if you see a strong need to allow inconsistent indications in multiple DCIs associated with HP PUCCH(s) within a same slot/sub-slot. 
Note that for HP UL grant, it is expected that the indication in the DCI would indicate whether LP UCI is multiplexed in the HP PUSCH scheduled by the DCI so that no additional restriction is needed for HP UL grants. An example is shown in Figure 10.


[bookmark: _Ref87456866]Figure 10: inconsistent indications in multiple DCIs associated with different HP PUCCH and PUSCH


Based on the above analysis, companies are invited to check proposal 1-1-1 and 1-1-2 below. 
It is moderator’s understanding that proposal 1-1-1 is crucial for the subsequent discussions so that we have to conclude the issue in the 1st round in order to complete the design within Rel-17. It is highly appreciated if companies can be more constructive and flexible instead of repeating your preference without addressing the concerns from the other side.
Companies are also encouraged to share your views on proposal 1-1-2 to see whether we can quickly converge. 

[High priority] Proposal 1-1-1: 
Dynamic indication for enabling/disabling multiplexing of PUCCHs/PUSCHs with different priorities is supported in Rel-17 subject to UE capability.
· For an incapable UE, multiplexing of PUCCHs/PUSCHs with different priorities is enabled/disabled according to RRC configuration only.
· For a capable UE, it is up to gNB to configure whether the dynamic indication is enabled or not.
· dynamic indication can be enabled only if multiplexing of PUCCHs/PUSCHs with different priorities is enabled by RRC configuration.
Rel-15 multiplexing timeline is applied for multiplexing of PUCCHs/PUSCHs with different priorities in Step 2.
Dropping/prioritization timeline in step 2 depends on UE capability 
· Capability #1: Rel-15 multiplexing timeline is applied for dropping in step 2.
· Capability #2: Rel-16 cancellation timeline is applied for prioritization in step 2. 

	
	Company

	Support
	Samsung, Huawei/Hisi, Nokia/NSB, Sony, [InterDigital], Intel, ZTE, DOCOMO (as compromise), Panasonic, Xiaomi, vivo, CATT,TCL, Quectel, Ericsson (support first part of proposal), , ITRI

	Not support
	LG, QC, Sharp, Apple, Ericsson (not support second part of proposal), OPPO




	Company
	Comments

	Samsung
	Regarding multiplexing timeline, we think it should not apply to a PUSCH supporting simultaneous transmission because a HARQ-ACK would not be multiplexed in the PUSCH of a different priority. 
Also, if a HP PUSCH supports simultaneous transmission, it would not deprioritize a LP HARQ-ACK, the dropping/prioritization timeline is not needed either.
We would like to suggest the following update.
Modified proposal
Dynamic indication for enabling/disabling multiplexing of PUCCHs/PUSCHs with different priorities is supported in Rel-17 subject to UE capability.
· For an incapable UE, multiplexing of PUCCHs/PUSCHs with different priorities is enabled/disabled according to RRC configuration only.
· For a capable UE, it is up to gNB to configure whether the dynamic indication is enabled or not.
· dynamic indication can be enabled only if multiplexing of PUCCHs/PUSCHs with different priorities is enabled by RRC configuration.
Rel-15 multiplexing timeline is applied for multiplexing of PUCCHs/PUSCHs with different priorities in Step 2.
Dropping/prioritization timeline in step 2 depends on UE capability 
· Capability #1: Rel-15 multiplexing timeline is applied for dropping in step 2.
· Capability #2: Rel-16 cancellation timeline is applied for prioritization in step 2. 
Multiplexing/ cancellation timeline does not apply to a PUSCH supporting simultaneous transmission.
[Moderator] Given that it has not been discussed, my suggestion is to have an FFS point. Please check the updated proposal.

	Huawei/Hisi
	We are generally OK (though the dynamic indication is not our first preference). Also fine with Samsung’s modification.
In addition, we have some suggestions on the first part (dynamic indication).
1) It should be noted that the error case on timeline should be avoided. E.g., the UE does not expect the gNB indicates ‘enabling multiplexing’ in case the R15 timeline is not satisfied.
2) We understand the motivation of introducing enabling/disabling flag in DCI is to allow the gNB to flexibly allow or disallow the multiplexing. But it should be a completed solution for all HP UCIs including the HP UCI w/o HP DCI. E.g., how to resolve the dynamic enabling/disabling between HP SPS HARQ-ACK/SR? We recommend to add an FFS under the second main bullet.
As a result, we recommend the proposal is modified as:
[High priority] Proposal 1-1-1: 
Dynamic indication for enabling/disabling multiplexing of PUCCHs/PUSCHs with different priorities is supported in Rel-17 subject to UE capability.
· For an incapable UE, multiplexing of PUCCHs/PUSCHs with different priorities is enabled/disabled according to RRC configuration only.
· For a capable UE, it is up to gNB to configure whether the dynamic indication is enabled or not.
· dynamic indication can be enabled only if multiplexing of PUCCHs/PUSCHs with different priorities is enabled by RRC configuration.
· Note: UE does not expect conflict between the dynamic indication and the timeline.
[Moderator] I understand your intention, but I think it is covered by “Rel-15 multiplexing timeline is applied for multiplexing of PUCCHs/PUSCHs with different priorities in Step 2.” in the proposal. If you can check the multiplexing scenario 1 and 2 I provided above, it is the same as in Rel-15. 
· FFS whether/how to dynamically enable/disable the multiplexing of HP channel without DCI and LP channel
[Moderator] I agree that this is something needs to be further discussed. However, I would prefer not to add FFS for now because otherwise we would add more and more FFS for the details.
Rel-15 multiplexing timeline is applied for multiplexing of PUCCHs/PUSCHs with different priorities in Step 2.
Dropping/prioritization timeline in step 2 depends on UE capability 
· Capability #1: Rel-15 multiplexing timeline is applied for dropping in step 2.
· Capability #2: Rel-16 cancellation timeline is applied for prioritization in step 2. 

	Nokia/NSB
	Although we would have preferred to not introduce a UE capability for the support of dynamic indication for enabling/disabling of mux (as we think that leaving it up to gNB to configure whether the dynamic indication is enabled or not should be enough), we could be fine with it for the sake of progress. 

Based on the discussions in the last meeting, we prefer to add a note that the Capability #1 is only applicable for Rel-17 multiplexing but not if configured with Rel-16 PHY prioritization – something like this:
· Note: For Rel-16 intra-UE prioritization operation without Rel-17 intra-UE multiplexing enhancements, the prioritization timeline is still to follow the Rel-16 cancellation timeline independent of the indicated UE capability. 
[Moderator] Actually I noticed your comment earlier. Given that we have “in step 2” in the proposal, it is my view that it is already clear that the capabilities are for Rel-17 intra-UE multiplexing. Hope it clarifies.
Dropping/prioritization timeline in step 2 depends on UE capability 
· Capability #1: Rel-15 multiplexing timeline is applied for dropping in step 2.
· Capability #2: Rel-16 cancellation timeline is applied for prioritization in step 2. 


	Sony
	We would prefer not to have different capabilities for enabling/disabling but similar to Nokia’s view, we are fine with proposal for progress sake.
For my clarification, are these Capability #1 and Capability #2 for prioritisation applicable to both dynamic and semi-static enabling/disabling of multiplexing?  It seemed like a separate proposal.
[Moderator] Yes, both dynamic and semi-static enabling/disabling of multiplexing apply to both Capability #1 and Capability #2.

	InterDigital
	Support at least until the last 3 lines about Capability#1 and #2.
Question about the last 3 lines: If multiplexing between channels of different priorities is not configured, the “Capability #1 UE” would not be able to perform cancellation with R16 timeline? Then it is less capable than a R16 UE not supporting multiplexing?
[Moderator] The two capabilities are for Rel-17 intra-UE multiplexing with different priorities. If multiplexing between channels of different priorities is not configured, whether the “Capability #1 UE” would not be able to perform cancellation with R16 timeline is subject its separate capability for Rel-16 intra-UE prioritization. Hope it clarifies.

	Intel 
	Really appreciate FL’s effort. 
We support the proposal as a good compromise. 
For capability #2, we also would like to ask for clarification. Whether it is applicable for the case of only semi-static enabling/disabling of multiplexing?
[Moderator] It is not precluded by the current proposal. 

	ZTE
	Fine with the note added by Huawei as gNB can avoid the unsuitable schedule. 

	DOCOMO
	We don’t prefer to introduce a UE capability for the dynamic indication for enabling/disabling multiplexing of PUCCHs/PUSCHs with different priorities. According to the timeline analysis above, UE complexity will not increase if Rel-15 timeline is met for the dynamic indication. Therefore, we think the dynamic enabling/disabling can be supported without UE capability. Adding a capability for the function will complicate the network operation. Besides, the benefits of the dynamic indication listed in the above summary, e.g. without introducing additional rules to determine whether to perform multiplexing or cancellation for ensuring latency/reliability and without additional specification efforts on specifying bundling/compression of LP HARQ-ACK, are not available anymore because we anyway need to take the UE not supporting the dynamic indication into account for further discussion. We may need to further discuss such a rule/function for the UE not supporting the dynamic indication, which results in additional standardization efforts.
However, given the limited time, we can compromise to this proposal for the sake of progress.
[Moderator] Thanks for being flexible. It seems that several companies have the same comment. Maybe it is worthwhile to check whether it is agreeable.

	LG
	Not supportive to this Proposal 1-1-1.
Not sure if UE wouldn’t need to check timeline by this way since the UE anyhow would need to read and interpret the DCI indication on whether to perform multiplexing or prioritization. The reading/interpretation on the DCI would require processing time in UE side which needs to be defined, then it would make another timeline. 
[Moderator] It is not clear to me why additional timeline needs to be defined.
Even with the Note “UE does not expect conflict between the dynamic indication and the timeline.” added by Huawei, the UE would need to check whether the expectation is met.
Moreover, considering potential DCI missing by the UE, it would cause dropping of more channels (which is unexpected in the gNB). For example, assuming there is overlapping among three channels as {HP PUCCH multiplexed with HP AN+LP AN,  HP PUSCH 1 enabled for inter-priority mux, HP PUSCH 2 disabled for inter-priority mux} scheduled by gNB, if UE missed DCI for HP PUSCH 1, then the UE would need to drop LP AN or HP PUSCH 2.
[Moderator] I do not see anything special for dynamic enabling/disabling of multiplexing. 

	QC
	We thank FL the great effort to move things forward. We see the discussion is in right direction. However, we still have some concerns to the proposal in its current form. 
Regarding this: “Rel-15 multiplexing timeline is applied for multiplexing of PUCCHs/PUSCHs with different priorities in Step 2,” there is an ambiguity that whether Rel-15 multiplexing timeline applies to only those channels gets multiplexing or it applies to all overlapping channels including those channels are dropped. For example, in the following example, to avoid demux operation triggered by the HP DCI, Rel-15 mux timeline need to be applied to the three overlapping channels including the dropped LP channel to make the scenario an error case, as FL suggested in the summary. But we think the sentence “Rel-15 multiplexing timeline is applied for multiplexing of PUCCHs/PUSCHs with different priorities in Step 2,” can be mis-interpret as Rel-15 timeline is only applied to the two HP channels which gets muxed eventually. This needs to be clarified in the proposal. 
Also, we prefer to clearly state that the later DCI disable UCI mux does not result UE to performance “demultiplexing” operation to demux previous already muxed channels, such as the two SPS HARQ-ACKs in the following example. 
We also support HW’s proposal to exclude inconsistent DCI indication. Following last DCI as some companies suggested will not work because of the missing last DCI issue. 
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 With the above comment, we modify the proposal as following:
[High priority] Proposal 1-1-1: 
Dynamic indication for enabling/disabling multiplexing of PUCCHs/PUSCHs with different priorities is supported in Rel-17 subject to UE capability.
· For an incapable UE, multiplexing of PUCCHs/PUSCHs with different priorities is enabled/disabled according to RRC configuration only.
· For a capable UE, it is up to gNB to configure whether the dynamic indication is enabled or not.
· dynamic indication can be enabled only if multiplexing of PUCCHs/PUSCHs with different priorities is enabled by RRC configuration.
· UE does not expect inconsistent dynamic indications in multiple DCIs associated with a group of overlapping PUCCHs/PUSCHs channels
[Moderator] This is discussed in proposal 1-1-2 below, and it seems that many companies want to allow inconsistent indications and follow the indication in the last DCI. I would suggest that we discuss the details later given that it does not increase the UE complexity much, if any, given that the timeline for multiplexing is always met.
-         UE does not expect receiving a dynamic indication resulting demultiplexing of previously multiplexed PUCCHs/PUSCHs channels
[Moderator] Similar as my comment to Huawei, with the next proposal in terms of timeline, it would not happen as analyzed in multiplexing scenario 1 above. One potential concern I have with the current wording is that it is not clear when UE determines to multiplex. Please check the updated proposal.
Rel-15 multiplexing timeline is applied required based on all overlapping channels (including dropped channels) if for multiplexing of PUCCHs/PUSCHs with different priorities is performed in Step 2.
[Moderator] Please check the updated proposal.
Dropping/prioritization timeline in step 2 depends on UE capability 
· Capability #1: Rel-15 multiplexing timeline is applied for dropping in step 2.
· Capability #2: Rel-16 cancellation timeline is applied for prioritization in step 2. 
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). 

	Sharp
	We prefer RRC signalling only so that the timeline evaluation should be performed anyway. The dynamic indication might be introduced under the condition that the dynamic indication does not conflict with the timeline.
[Moderator] Please refer to my reply to Huawei.
We don’t see the need to define UE capabilities on multiplexing/cancelling timeline. Rel-15 multiplexing timeline is for channels with the same priority only, so it is applied in Step 1 already. And the Rel-16 cancellation timeline is for channels with different priorities, and should be applied in Step 2 as baseline.
[Moderator] Capability #1 does not require partial dropping which is simpler from UE implementation perspective.

	Xiaomi
	Support in general.
But I am not very sure about the exact meaning of the following:
Dropping/prioritization timeline in step 2 depends on UE capability 
· Capability #1: Rel-15 multiplexing timeline is applied for dropping in step 2.
· Capability #2: Rel-16 cancellation timeline is applied for prioritization in step 2
My interpretation is,
The capability #1 means, if multiplexing is RRC configured or dynamically indicated, and if R15 multiplexing timeline satisfied, the channels can be multiplexed. Otherwise, the low priority channels will be dropped.
The capability #2 means, if multiplexing is RRC configured or dynamically indicated, and if R15 multiplexing timeline satisfied, the channels can be multiplexed.  Otherwise, cancellation is applied to the low priority channels based on R16 cancellation timeline.
[Moderator] For both Capability #1 and Capability #2, if there is dynamic indication, UE follows dynamic indication. The only difference is that for Cap #1, a channel is always entirely dropped since the timeline is always met while partial dropping may occur for Capability #2 UE.
Please correct me if I am wrong. 

	vivo
	Ok with the proposal although we don’t think additional capability is needed when UE supports multiplexing of different priorities. We are fine with Huawei that gNB can avoid the unsuitable schedule. For HP SPS HARQ-ACK/SR, we think it can be RRC configured or indicated by the activation DCI for HP SPS HARQ-ACK.

	TCL
	We generally support the proposal as a compromise, although RRC signalling only is our first preference. And we also share the similar view as DOCOMO, we don’t think it’s necessary to introduce a UE capability for the dynamic indication for enabling/disabling multiplexing.

	Quectel
	Similarly to Nokia, Sony and DCM, we prefer not to have different capabilities for enabling/disabling as there would be no difference for UE implementation complexity if Rel-15 timeline is met. However, we can live with it for compromise if it is majority view.
Regarding the demultiplexing issue, we are generally support QC’s updates. However, as gNB does not know when the UE exactly starts the previous multiplexing, the restriction would be more concise if modified to “UE does not expect to receive a dynamic indication to change multiplexing decision made according to Rel-15 timeline”.
[Yanping] I agree with you that the timing is not clear.

	Intel 2
	We understand QC’s intention to avoid inconsistent dynamic indications which lead to demux after mux, or mux after dropping, but we think the wording provided by QC is not clear, which leads to some unnecessary restriction. Clarification from QC would be appreciated. 
	

	


	Case X1
	Case X2



QC’s wording “Rel-15 multiplexing timeline is applied required based on all overlapping channels (including dropped channels) if for multiplexing of PUCCHs/PUSCHs with different priorities is performed in Step 2”.  Is this sentence to exclude case X2? I hope it does not, because LP PUCCH is not dropped, LP PUCCH is multiplexed onto HP PUCCH. The indication in HP DCI is no multiplexing of LP PUCCH onto HP PUSCH, rather than drop LP PUCCH. 
For the following sub-bullets. 
· UE does not expect inconsistent dynamic indications in multiple DCIs associated with a group of overlapping PUCCHs/PUSCHs channels
It excludes case X1 and X2 shown in the figure. However, in our understanding, since LP PUCCH is multiplexed onto HP PUCCH resource, which is not overlapping with HP PUSCH, there is no need to restrict same indication for HP PUCCH and HP PUSCH, no matter DCI2 for HP PUSCH comes later or earlier than T1. The indication in DCI2 only means no multiplexing of LP PUCCH onto HP PUSCH, rather than drop of LP PUCCH. 
To avoid confusion and try to clearly address the unexpected demux after mux, or mux after dropping case, we suggest to delete 1st sub-bullet and add another sub-bullet in blue, as shown below:  
        -         UE does not expect inconsistent dynamic indications in multiple DCIs    associated with a group of overlapping PUCCHs/PUSCHs channels

-         UE does not expect receiving a dynamic indication resulting demultiplexing of previously multiplexed PUCCHs/PUSCHs channels
          -         UE does not expect receiving a dynamic indication resulting multiplexing of previously dropped PUCCHs/PUSCHs channels

	Ericsson
	For second part of proposal: We do not support applying Rel-15 multiplexing timeline for dropping. This precludes scheduling a DCI late for urgent data. In our view, scheduling a DCI late with a quick HARQ-ACK response is needed for low-latency aspect of URLLC. This is supported in Rel-16, and should not be taken away in Rel-17.
[Moderator] I understand that Capability #1 is not good from URLLC scheduling perspective. However, it is simpler from UE implementation perspective since UE does not need to support partial dropping.

	OPPO
	Considering limited time for Rel-17, any optimization should be deprioritized. So we prefer to RRC configuration only.

	Huawei/Hisi2
	As a clarification to @Ericsson and @Sharp, in the last meeting, it has clearly been agreed that the R15 timeline is applied to the R17 procedure. Adding R16+R17 capability#2 is just our compromise to make an exception of the agreement regarding some companies want a no weaker than R16 UE capability to support both multiplexing and urgent prioritization, yet which is too aggressive from the perspective of UE complexity.
	Agreements:
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



From the perspective of applicable cases, there are lots of use cases which require hybrid eMBB and URLLC traffics but do not require stringent latency which has to be served as soon as the traffic arrival. An example is remote control of machines, which serves both video stream (i.e., eMBB) and PLC traffic (i.e., URLLC), and the PLC latency is more relax than ~1ms and ~6 nines. The R15 timeline is sufficient for such services.
Actually, from our knowledge, even the R16 UE prioritization is very challenging for quick commercialization as it requires the UE to cancel an ongoing channel within a short time. Adding the multiplexing capability on top of R16 prioritization imposes more challenges for UE implementation. To achieve a quick commercialization of R17, we believe a R15+R17 UE capability#1 is necessary.

	Lenovo/Motorola Mobility
	Clarification needed for “dropping”. In our understanding, if overlapping channels do not satisfy Rel-15 multiplexing timeline, it is considered as an error case. 
· Capability #1: Rel-15 multiplexing timeline is applied for dropping in step 2.




[High priority] Proposal 1-1-1a: 
Dynamic indication for enabling/disabling multiplexing of PUCCHs/PUSCHs with different priorities is supported in Rel-17 subject to UE capability.
· For an incapable UE, multiplexing of PUCCHs/PUSCHs with different priorities is enabled/disabled according to RRC configuration only.
· For a capable UE, it is up to gNB to configure whether the dynamic indication is enabled or not.
· dynamic indication can be enabled only if multiplexing of PUCCHs/PUSCHs with different priorities is enabled by RRC configuration.
Moderator note: 6 companies prefer to not define separate UE capabilities for dynamic enabling/disabling of multiplexing. Here it is an attempt to check whether that is agreeable or not. If it is not agreeable, then let’s go back to the original proposal with separate UE capability.
[Dynamic indication for enabling/disabling multiplexing of PUCCHs/PUSCHs with different priorities is supported in Rel-17.
· It is up to gNB to configure whether the dynamic indication is enabled or not.
· dynamic indication can be enabled only if multiplexing of PUCCHs/PUSCHs with different priorities is enabled by RRC configuration.]
Rel-15 multiplexing timeline is applied for multiplexing of PUCCHs/PUSCHs with different priorities in Step 2.
Moderator note: The following bullet is revised to improve clarity. However, if it causes more confusion, it is suggested to go back to the original wording.
[Rel-15 multiplexing timeline is applied required for all overlapping channels (including dropped channels) involved in for multiplexing of PUCCHs/PUSCHs with different priorities in Step 2.]
Moderator note: The following bullets are provided to improve clarity based on the comments from Huawei and Qualcomm, although it is not needed from my perspective. Let’s check whether they are agreeable or not. If not, it is suggested to drop them.
· [UE is not expected to receive a dynamic indication resulting demultiplexing of two previously multiplexed channels after the deadline to determine to multiplex PUCCHs/PUSCHs with different priorities according to Rel-15 multiplexing timeline
· 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).
· UE is not expected to be dynamically indicated to multiplex PUCCHs/PUSCHs with different priorities if the dynamic indication does not meet the Rel-15 multiplexing timeline.]
Dropping/prioritization timeline in step 2 depends on UE capability 
· Capability #1: Rel-15 multiplexing timeline is applied for dropping in step 2.
· Capability #2: Rel-16 cancellation timeline is applied for prioritization in step 2. 
Moderator note: The following FFS is added to address the comment from Samsung.
FFS whether multiplexing/cancellation timeline applies to a PUSCH supporting simultaneous transmission with PUCCH



[Medium priority] Proposal 1-1-2: 
For dynamic indication for enabling/disabling multiplexing of PUCCHs/PUSCHs with different priorities,
· UE follows the indication in DCIs associated HP PUCCH/PUSCH only.
· The indications in multiple DCIs associated with HP PUCCH(s) within a same slot/sub-slot must be consistent.

	
	Company

	Support
	InterDigital (first bullet), Intel (can live with it), ZTE(first bullet), QC, Xiaomi, CATT (can live with it), Ericsson, Lenovo/Motorola Mobility

	Not support
	Samsung, Nokia/NSB, InterDigital (second bullet), Intel (1st preference), LG (same comment as Proposal 1-1-1 in above), vivo, Quectel, 




	Company
	Comments

	Samsung
	The 2nd bullet add additional restrictions on the network which is not acceptable. We think this issue is similar as PUCCH resource indication, to follow the same principle, UE should follow the last DCI indication. 

In addition, UE might consider the following case as an error case if the consistent indication is agreed.
If gNB would like to multiplex LP HARQ-ACK in HP PUCCH#2, HP DCI#1 should indicate multiplexing LP HARQ-ACK for HP PUCCH#1 to keep consistent indication, but HP PUCCH#1 does not overlap with LP HARQ-ACK PUCCH.
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We suggest the following update
For dynamic indication for enabling/disabling multiplexing of PUCCHs/PUSCHs with different priorities,
· UE follows the indication in DCIs associated HP PUCCH/PUSCH only.
· The indications in multiple DCIs associated with HP PUCCH(s) within a same slot/sub-slot must be consistent.
· UE follows the indication in the last DL DCI.


	Huawei/Hisi
	Two clarification questions:
1) For the 1st bullet, does it mean “UE follows the indication in DCIs associated HP PUCCH/PUSCH only in case it conflicts with enabling/disabling indication in LP DCI”?
[Moderator] No. The intention is to follow the indication in HP DCI only.
2) For the 2nd bullet, does it mean “multiple DCIs associated with HP PUCCH(s)/PUSCH(s) within a same slot/sub-slot overlapping with the same LP channel”? BTW in our understanding, in one subslot, there would not be multiple HP PUCCHs scheduled by multiple DCIs?
[Moderator] No. As shown in Figure 10, inconsistent indications are allowed for multiple PUSCHs. Multiple DCIs associated with HP PUCCHs within a same slot/sub-slot can happen for PUCCH overriding.

	Nokia/NSB
	We don’t think we should restrict the operation to only indication in DCIs associated with HP PUCCH/PUSCH, and it may be better to use the indication in the ‘last DCI’ instead (as Samsung) as a gNB worried about the reliability (i.e. missed DCI) is still able to provide ‘consistent signalling’ by implementation. This can be e.g. beneficial considering the scenario HP SPS HARQ-ACK vs. LP HARQ-ACK with a corresponding PDCCH since the gNB could still disable the multiplexing if needed. Also, for the scenario PUCCH with HP HARQ-ACK vs. LP DG PUSCH, since the PDCCH scheduling the PUSCH may be transmitted after the PDCCH corresponding to the HP HARQ-ACK, the indication whether to enable/disable the multiplexing could be sent via PDCCH scheduling LP PUSCH. We thus suggest the following updates:
For dynamic indication for enabling/disabling multiplexing of PUCCHs/PUSCHs with different priorities,
· UE follows the indication in the last DCIs associated with HP PUCCH/PUSCH only.
· The indications in multiple DCIs associated with HP PUCCH(s) within a same slot/sub-slot must be consistent.

Having said that, we wouldn’t object the current proposal if supported by a large majority of companies, but still think that this would limit the gNB operation flexibility and multiplexing for LP HARQ (with HP SPS HARQ on PUCCH or on HP CG PUSCH) unnecessarily.   

	Sony
	We share similar views with Nokia & Samsung.  For dynamic indications, generally the UE follows the last DCI associated with a PUCCH.  The issues of contradicting indicators should not be an issue if the last DCI meets the Rel-15 multiplexing timeline, as succinctly pointed out by the moderator.

If gNB has concerns regarding reliability, it can always further protect the last HP DL Grant.  Furthermore, as described in our T-doc [13], it is unlikely gNB would change its multiplexing decision since there is typically very little time between the 1st HP DL Grant and the last HP DL Grant prior to the PUCCH/PUSCH as shown in figure below.
[image: ]



	InterDigital
	We support the first bullet. The indication should only be included in HP DCI. Otherwise, the reliability of the HP channel may become dependent on whether or not the UE received the LP DCI. The reliability of the LP DCI may be lower than that of the HP DCI.
I also don’t fully understand the examples provided by Nokia. If the LP DCI is transmitted after the HP DCI, why would the gNB indicate a channel (in the LP DCI) in the first place, if it already knows that it will be cancelled?
For the second bullet, it would make sense that the last indication from HP DCI’s be followed.

	Intel 
	We also think following the last DCI would be sufficient, then, no need of restrictions by the proposal. 
But we’re fine with the proposal, if companies really have concern for complexity. 

	ZTE
	Support the first bullet. The indication included in HP DCI could protect the reliability. For SPS HARQ-ACK, the enable/disable is indicated by semi-static configuration, so the first example in Nokia’s comment is not an issue. For the second example, the gNB knows there will be a HP HARQ-ACK multiplexing a LP DG PUSCH, so it is enough to enable this in the PDCCH for HP HARQ-ACK, even the DCI for PUSCH is after the DCI for PUCCH. 
For the second bullet in moderator’s proposal, we can consider Samsung’s suggestion

	QC
	The suggest proposal that “UE follow the last DCI” does not work, because of the following reasons. 
· If spec allow the last DCI being late than the deadline set by Rel-15 multiplexing timeline, it creates a lot of issue for UE implementation – UE has to discard ongoing multiplexing, do demux, start a new mux procedure to follow the last DCI, which is not acceptable to us. 
· If the spec does not allow last DCI being late than the Rel-15 mux deadline, then there is no much incentive to introduce this dynamic indication functionality, because the following use case will be excluded.   


To make this feature of dynamic indication really useful, the above case should be allowed. I don’t see that adding “The indications in multiple DCIs associated with HP PUCCH(s) within a same slot/sub-slot must be consistent” is a big restriction to gNB scheduling. gNB can still use a singe HP grant to disable multiplexing as in above figure. What UE want to avoid is receiving conflicting instruction from gNB, which is a reasonable request and should be captured in spec. 

	Panasonic
	We support the first bullet. For the second bullet, we agree to Samsung’s suggestion.

	Xiaomi
	Support the Proposal in general

	vivo
	We share similar views with Nokia, Samsung & Sony. UL grant for LP PUSCH may be the last DCI, it is more reasonable to follow the indication in last UL grant for LP PUSCH in the case. In addition, it is possible that one HP channel overlaps with more than one non-overlapped LP channels, it would be helpful to follow indication associated with both HP channel and LP channel. i.e., multiplexing is enabled only when both HP and LP DCI indicate “multiplexing”. For example, in the following case, gNB can indicate multiplexing for HP PUCCH, and for the LP PUCCHs, gNB can only indicate multiplexing for the first LP PUCCH which has less UCI or not indicate multiplexing for the 2nd PUCCH which cann’t meet the multiplexing timeline.



	CATT
	We share the same view as Intel.

	Quectel
	The proposal is not clear for us.
For the 1st sub-bullet, we are generally OK. 
For the 2nd sub-bullet, we are not clear whether the dynamic enabling/disabling is applied per channel or per UE or per UE per serving cell. If it is applied per UE, we think the points raised by Samsung is valid. 

	Quectel
	The proposal is not clear for us.
For the 1st sub-bullet, we are generally OK. 
For the 2nd sub-bullet, we are not clear whether the dynamic enabling/disabling is applied per channel or per UE or per UE per serving cell. If it is applied per UE, we think the points raised by Samsung is valid. 



Processing order of PUCCHs/PUSCHs with different priorities in Step 2
4.1.1.2. 1st round discussion
The framework for handling overlapping PUCCHs/PUSCHs with different priorities in R17 was agreed with the following two steps:
· Step 1: Resolve overlapping PUCCHs and/or PUSCHs with the same priority
· Step 2: Resolve overlapping PUCCHs and/or PUSCHs with different priorities 
Furthermore, it was agreed that 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. Details of step 2 need to be discussed.
For collision handling of PUCCHs and/or PUSCHs with different priorities, it was widely supported during the discussion in the last meeting to resolve collision of PUCCHs with different priorities first followed by collision resolution of PUCCHs and PUSCHs of different priorities, which is in-line with the processing order since Rel-15. 
Hope that the following proposal can be quickly agreed.

[High priority] Proposal 1-2-1: 
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. 

	
	Company

	Support
	Samsung, Huawei/Hisi, Nokia/NSB, Sony, InterDigital, Intel (we can live with it), ZTE, DOCOMO, LG, QC, Sharp, Panasonic, Xiaomi, vivo, CATT,TCL, Quectel, Ericsson, OPPO, ITRI, Lenovo/Motorola Mobility

	Not support
	



	Company
	Comments

	Intel 
	We’re the only company proposing single step for step 2, i.e., resolving the overlapped UL channels in time order. We understand companies feel it is simpler to go with Rel-15 procedure rather than a new procedure, but we really think step 2.1 and step 2.2 with many revisions (according to discussion by companies, we’ve already seen many changes and diverging solutions) is a new procedure. Having said that, for the sake of progress, we’re fine to support the proposal. We really hope companies can always keep ‘simple design’ in mind for section 4.1.3 and 4.1.4.
[Moderator] Thanks Intel for being flexible.

	
	

	
	

	
	

	
	

	
	

	
	



Collision handling of HP PUCCHs and LP PUCCHs
4.1.1.3. 1st round discussion
In Rel-15 and Rel-16, all the PUCCHs within a time unit (slot in Rel-15 and slot or sub-slot in Rel-16) is put into a set Q and PUCCH multiplexing is performed according to the pseudo code as defined in TS38.213 clause 9.2.5. A single resource is determined for multiplexing UCI associated with resources [image: ].
	Set [image: ] to the set of resources for transmission of corresponding PUCCHs in a single slot without repetitions where
-	a resource with earlier first symbol is placed before a resource with later first symbol
-	for two resources with same first symbol, the resource with longer duration is placed before the resource with shorter duration
-	for two resources with same first symbol and same duration, the placement is arbitrary
-	the above three steps for the set [image: ] are according to a subsequent pseudo-code for a function [image: ]
-	a resource for negative SR transmission that does not overlap with a resource for HARQ-ACK or CSI transmission is excluded from set [image: ] 
-	if the UE is not provided simultaneousHARQ-ACK-CSI and resources for transmission of HARQ-ACK information include PUCCH format 0 or PUCCH format 2, resources that include PUCCH format 2, or PUCCH format 3, or PUCCH format 4 for transmission of CSI reports are excluded from the set [image: ] if they overlap with any resource from the resources for transmission of HARQ-ACK information
-	if the UE is not provided simultaneousHARQ-ACK-CSI and at least one of the resources for transmission of HARQ-ACK information includes PUCCH format 1, PUCCH format 3, or PUCCH format 4
-	resources that include PUCCH format 3 or PUCCH format 4 for transmission of CSI reports are excluded from the set [image: ]
-	resources that include PUCCH format 2 for transmission of CSI reports are excluded from the set [image: ] if they overlap with any resource from the resources for transmission of HARQ-ACK information
Set [image: ] to the cardinality of [image: ]
Set [image: ]to be the first symbol of resource [image: ] in the slot
Set [image: ] to be the number of symbols of resource [image: ] in the slot
Set [image: ] - index of first resource in set [image: ]
Set [image: ] - counter of overlapped resources
while [image: ]
if [image: ] and resource [image: ] overlaps with resource [image: ] 
[image: ]
[image: ]
else
if [image: ]
determine a single resource for multiplexing UCI associated with resources [image: ] as described in clauses 9.2.5.0, 9.2.5.1 and 9.2.5.2 
set the index of the single resource to [image: ] 
[image: ]
[image: ] % start from the beginning after reordering unmerged resources at next step
[image: ]
[image: ] % function that re-orders resources in current set [image: ]
Set [image: ] to the cardinality of [image: ]
else
[image: ]
end if
end if
end while
The function [image: ] performs the following pseudo-code
{
[image: ]
while [image: ] % the next two while loops are to re-order the unmerged resources
[image: ]
while [image: ] 
if [image: ] OR [image: ]
[image: ]
[image: ]
[image: ]
end if
[image: ]
end while
[image: ]
end while
}




For collision handling procedure of HP PUCCHs and LP PUCCHs, Rel-16 PUCCH multiplexing procedure can be reused as a baseline. For determining a single resource for multiplexing UCI associated with resources [image: ], Rel-17 rules should be followed. In addition, it needs to be considered that not all HP and LP UCI combinations can be multiplexed in Rel-17, e.g. LP CSI and HP HARQ-ACK. It seems reasonable to drop the LP UCI(s) that are not eligible for multiplexing on a HP PUCCH before multiplexing.
The overall procedure is elaborated assuming the overlapping HP and LP PUCCHs after step 1 as illustrated in Figure 11. According to the procedure defined in Rel-16, the multiplexing of HP SR and LP PUCCH is performed first since HP SR starts earliest. Given that LP CSI is not eligible for multiplexing on a HP PUCCH, LP CSI is first dropped and then HP SR and LP A/N are multiplexed. If they are multiplexed in HP SR resource or a LP PUCCH resource which does not overlap with HP HARQ-ACK, the PUCCH multiplexing procedure is done. Otherwise if they are multiplexed in a LP PUCCH resource overlapping with HP HARQ-ACK, multiplexing of LP PUCCH and HP HARQ-ACK is performed. 


[bookmark: _Ref87448134]Figure 11: Example for procedure of collision handling of PUCCHs with different priorities

The following proposal is proposed for companies to check.

[Medium priority] Proposal 1-3-1:
For multiplexing of overlapping HP PUCCHs and LP PUCCHs within a time unit, reuse PUCCH multiplexing procedure as defined in Rel-16 TS38.213 clause 9.2.5 and determine a single resource for multiplexing UCI associated with resources [image: ] according to Rel-17 rules.
· For determining a single resource for multiplexing UCI associated with resources [image: ], LP UCI(s) that are not eligible for multiplexing on a HP PUCCH are dropped before multiplexing.
· FFS the time unit.

	
	Company

	Supported
	Samsung (Support the intention), Nokia/NSB (support the proposal in principle), Sony, InterDigital, ZTE, LG, Sharp, Xiaomi, vivo, CATT, Quectel, Ericsson (support the intention, but improvements are needed),OPPO, Lenovo/Motorola Mobility

	Not supported
	Huawei/Hisi, Intel, QC 



	Company
	Comments

	Samsung
	We think the intention is to put a PUCCH including LP HARQ-ACK in a HP set Q and reuse the pseudo-code.
“within a time unit”is not clear to us, if the intention is to determine a time unit for set Q, the HP time unit should be the only choice. 

We suggest the following modification
For multiplexing of overlapping HP PUCCHs and LP PUCCHs within a time unit, put a PUCCH including LP HARQ-ACK in a HP set Q and reuse PUCCH multiplexing procedure as defined in Rel-16 TS38.213 clause 9.2.5 and determine a single resource for multiplexing UCI associated with resources [image: ] according to Rel-17 rules.
· For determining a single resource for multiplexing UCI associated with resources [image: ], LP UCI(s) that are not eligible for multiplexing on a HP PUCCH are dropped before multiplexing.
· FFS the time unit. details of determining a single resource


	Huawei/Hisi
	It has been agreed in the last meeting that the recursive pseudo-code should be avoided. In our understanding, as the HP/LP multiplexing based on clause 9.2.5 pseudo-code have been performed in Step 1, it should avoid to perform such recursive operation at Step 2. So we think only one step between LP PUCCH and HP PUCCH can be performed, and the resulting channel is not expected to overlap with another LP/HP PUCCH.
	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




	Nokia/NSB
	We support the proposal in principle.
Depending on the scenarios for which the mux between HP and LP PUCCHs would be agreed still (e.g. considering HP SR vs. LP HARQ-ACK with PF2/3/4, HP SR vs. LP HARQ-ACK vs. HP HARQ-ACK), the procedure may end up being a one- or two-step procedure only. 

	Intel 
	We understand the motivation of the proposal is to reuse Rel-15 pseudo-code with revision of the step for single PUCCH resource determination to cover the new UCI drop case in Rel-17 shown in Figure 11. 
However, we think, it would be desirable to have a unified solution for all new UCI drop cases, rather than separate design for different cases. For example, we need to consider both the case that a LP PUCCH only carries UCI not eligible for multiplexing, and both UCI eligible and non-eligible for multiplexing. For a LP PUCCH only carries UCI not eligible for multiplexing, we may need to remove it from set Q before running the pseudo-code, otherwise, there would be two PUCCH resources rather than single PUCCH resource after resolving the overlapped PUCCHs, as shown in the figure below. 



Actually, we think it may require many revisions for existing Rel-15 pseudo-code for handling different priorities in Rel-17, not only due to new combinations of UCIs which is not eligible for multiplexing, but also due to using a ‘proper’ HP PUCCH resource (as suggested by some companies, e.g., choosing HP HARQ-ACK rather than 1st PUCCH resource), different sub-slot and slot configuration for LP and HP PUCCH, etc. Considering only one meeting left, we think simple and clean way rather than optimization case by case is a safer way to go. It would be desirable to consider all factors together which may require change of Rel-15 pseudo-code to have a full picture. 
In our understanding, if we only process two overlapped UL channels a time (find one overlapped PUCCH resource instead of all overlapped PUCCH resources in step 3 in Rel-15 as shown below), the design can be simple. 

Existing procedure includes following steps, 
(1)  Determination of resource set Q
(2)  Ordering of resources within set Q
(3) Find a resource with lowest index, and find all other PUCCH resources overlapped with this resource
(4)  Generate a single resource for all overlapped UCIs
(5)  Add the single resource of step (4) and delete the resources in step (3). 
     Then, go back to (2) again… until all resources in set Q is resolved. 


	QC
	Similar view as Intel, we think it is a little premature to agree on the proposal, before a careful study whether Rel-15 Pseudo code can be reused or not. Given that Pseudo code change can be done in Rel-17 maintenance phase, we suggest to deprioritize discussion on this. 

	Sharp
	Support the proposal in principle.

	Xiaomi
	Support in general. but we are open to discuss if only one step is enough to find a multiplexed resource for all channels as proposed by HW.

	vivo
	Support the intension. In current spec, all PUCCHs in the slot including the PUCCHs that does not overlap with other PUCCH. We think the only the LP UCI(s) that are overlapped with HP UCI(s) and are not eligible for multiplexing on a HP PUCCH will be dropped before multiplexing.

	Ericsson
	· “within a time unit”: does this mean that HP PUCCH and LP PUCCH both start and end within the time unit? In our view, it is only necessary to require that HP PUCCH and LP PUCCH to start in the same time unit, and they can end after the time unit boundary (e.g., cross the sub-slot boundary)
· It is not clear what’s meant by “eligible”?  In our view, there are two aspects to check before multiplexing. (a) is eligibility. (b) is timeline. Thus condition (b) should be added to the proposal.
· (Eligibility) the UCI combination is supported, e.g., {HP HARQ-ACK + LP HARQ-ACK} is supported, while {LP CSI + HP HARQ-ACK} is not supported; 
· (Timeline) the multiplexing timeline is satisfied; otherwise, cancellation is applied.



The follow-up question is how to determine the time unit for multiplexing. There are at least two alternatives:
· Alt. 1: the time unit for multiplexing is a slot.
· Alt. 2: the time unit configured for HP PUCCH is used as the time unit for multiplexing.

There are two relevant cases which may impact the selection of the alternatives as shown in Figure 12. 


[bookmark: _Ref87448598]Figure 12: time unit for multiplexing of HP and LP PUCCHs with different time units

For Case 1, if Alt. 1 is adopted, a single resource needs to be determined for multiplexing HP HARQ-ACK in both sub-slots and LP HARQ-ACK assuming the multiplexing timeline is satisfied, which is undefined. While for Alt. 2, a single resource needs to be determined for multiplexing HP HARQ-ACK in sub-slot #1 and LP HARQ-ACK only.
For Case 2, no additional rule needs to be defined for Alt. 1. But for Alt. 2, it needs to be determined in which time unit(s) the LP PUCCH should join the multiplexing procedure. Candidate solutions are listed below:
· Option 1: the LP PUCCH joins the multiplexing procedure in the first time unit with overlapping HP PUCCH(s).
· Option 2: the LP PUCCH joins the multiplexing procedure in each of the overlapping time units from the first time unit with overlapping HP PUCCH(s) until the LP PUCCH is determined to be dropped or multiplexed with other channels.
· Option 3: the LP PUCCH joins the multiplexing procedure in the first time unit with overlapping HP HARQ-ACK. If the LP PUCCH does not overlap with any HP HARQ-ACK, the first time unit with overlapping HP PUCCH(s) is selected.
The outcome can be different for different options. For example, if LP PUCCH can be multiplexed in HP SR according to Rel-17 rules, the LP HARQ-ACK would be multiplexed in sub-slot #1 for option 1 and option 2 but the LP HARQ-ACK would NOT be multiplexed in sub-slot #1 for option 3. Otherwise if the outcome of multiplexing HP SR and LP HARQ-ACK according to Rel-17 rule is that LP PUCCH remains e.g. for negative SR, the UE behavior is not clear on how to handle the case for option 1. For option 2 and option 3, LP HARQ-ACK is expected to be multiplexed in sub-slot #2.

Companies are invited to provide your views and reasons in the following tables.
[Medium priority] Proposal 1-3-2:
For multiplexing of overlapping HP PUCCHs and LP PUCCHs, 
· Alt. 1: the time unit for multiplexing is a slot.
· Alt. 2: the time unit configured for HP PUCCH is used as the time unit for multiplexing. If a LP PUCCH overlaps with multiple HP PUCCHs in different time units,
· Option 1: the LP PUCCH joins the multiplexing procedure in the first time unit with overlapping HP PUCCH(s).
· Option 2: the LP PUCCH joins the multiplexing procedure in each of the overlapping time units from the first time unit with overlapping HP PUCCH(s) until the LP PUCCH is determined to be dropped or multiplexed with other channels.
· Option 3: the LP PUCCH joins the multiplexing procedure in the first time unit with overlapping HP HARQ-ACK. If the LP PUCCH does not overlap with any HP HARQ-ACK, the first time unit with overlapping HP PUCCH(s) is selected.

	
	Company

	Alt. 1
	Intel (depend on detailed steps for PUCCH multiplexing to be agreed), QC, CATT

	Alt. 2
	Option 1
	Huawei/Hisi, Nokia/NSB, Sony, InterDigital, ZTE, Panasonic, Xiaomi, vivo, Quectel, Ericsson

	
	Option 2
	CATT, Lenovo/Motorola Mobility

	
	Option 3
	Samsung, LG, OPPO (satisfying timeline)



	Company
	Comments

	Samsung
	For Alt 1, the pseudo-code cannot be simply reused. 

According to the spec below, after determining a single resource, the result resource replaces the selected resource j by “set the index of the single resource to [image: ]” and all the overlapping resource are removed from the set Q by “”
For case 1 (a LP HARQ-ACK overlaps with 2 HP HARQ-ACK), it first needs to clarify which HP HARQ-ACK is multiplexed with the LP HARQ-ACK, and then there are two result PUCCHs, how to put the two or more result PUCCHs in the set Q needs to be specified. The current procedure of a single result resource cannot be reused without enhancement.

	
determine a single resource for multiplexing UCI associated with resources  as described in Clauses 9.2.5.1 and 9.2.5.2 
set the index of the single resource to [image: ] 






For Option 1, the LP HARQ-ACK can be dropped by a HP SR if there is no consensus in Rel-17 to support multiplexing of LP HARQ-ACK and HP SR for all the combinations. Even if it is supported, it is not clear whether the result PUCCH can across sub-slot boundary, if yes, the result PUCCH can overlap with other HP PUCCH in other HP time unit.

Option 2 seems workable but it complicates UE implementation compared with Option 3.

Option 3 can avoid LP HARQ-ACK dropping if it can be multiplexed with a HP HARQ-ACK, further, the result PUCCH is within the sub-slot boundary, the whole procedure can be done after performing the pseudo-code. Also, we would like to point out there is no timeline issue for Option 3, as clarified by FL, all the overlapping PUCCH/PUSCHs should satisfy the R15 mux timeline.

The discussion on multiplexing of HP SR and LP HARQ-ACK is still on going, the solutions may impact the case when there is no overlapping HP HARQ-ACK, we think it is reasonable to keep this case open and suggest the following update for Option 3.

Updated Option 3: the LP PUCCH joins the multiplexing procedure in the first time unit with overlapping HP HARQ-ACK. If the LP PUCCH does not overlap with any HP HARQ-ACK, the first time unit with overlapping HP PUCCH(s) is selected.
· FFS: If the LP PUCCH does not overlap with any HP HARQ-ACK.



	Huawei/Hisi
	For Alt.1, it will increase the latency since the UE needs to wait for receiving all HP PUCCHs within the whole slot. As a comparison, for Alt.2, the UE only needs to receive the DCIs scheduling the UL channels within the subslot before processing the multiplexing, which largely saves the latency.
For Alt.2-2, it is too complex to be carried out.
For Alt.2-3, similar latency issue with Alt.1, e.g., if the UE would transmit HP SR at subslot#1 which overlaps with a LP PUCCH, it may need to wait for a potentially later HP HARQ-ACK in the next subslot or a later time point that may not satisfy R15 timeline eventually.
[image: ]

	Nokia/NSB
	We don’t have a strong view here, but only a slight preference towards Alt.2 Option 1. 
We could also (if needed) consider an alternative where, for these scenarios, e.g. LP PUCCH is always dropped. 

	Sony
	For Opt 1, why would there be an issue if HP SR is negative? A negative SR may not be transmitted and in this case, the HP SR would not be the 1st HP PUCCH, and so the LP HARQ-ACK would be multiplexed into the HP HARQ-ACK in Case 2 of Fig 12.

	InterDigital
	Also slight preference for Alt. 2 Option 1, for simplicity.

	Intel 
	We suggest to discuss this proposal later, because it depends on the detailed design for some sub-steps for PUCCH multiplexing. 
For example, if we only resolve two overlapped UL channels with different priorities at a time, there is no need of time unit, and no issue for case 1. Please check our response for proposal 1-3-1.

	ZTE
	Fine with Alt 2-1, but the multiplexing timeline should be satisfied first if LP PUCCH multiplexing in the first time unit with overlapping HP PUCCH(s). 

	LG
	We prefer Option 3 of Alt 2 with same reason as Samsung.
On the other hand, the part “all the overlapping PUCCH/PUSCHs should satisfy the R15 mux timeline” seems to need clarification on whether the overlapping PUCCH/PUSCHs mean those overlapped within a multiplexing time unit or those overlapped (within or) over multiplexing time units.
If it is the former case, whether timeline is satisfied may also need to be considered as the condition to determine the HP time unit.

	QC
	Alt 1 seems workable. 
For Alt 2, we feel the three sub-Alt are a little ad hoc without justifications. There could be other approaches. For example, wince we just need to find a time unit for LP UCI, why not put LP UCI on the last overlapping time unit, which would give UE more time to process the LP UCI, in case UE would receive a DCI later to indicate disable multiplexing. Of course, even this approach is ad hoc as well. 
Again, we feel this is low priority topic. We could deprioritize it. 

	Quectel
	No strong view. Slightly prefer Alt. 2 Option 1 for simplicity. We also think there could be other ways for Alt 2. If consensus cannot be achieved for Alt 2, we can also accept Alt 1.

	OPPO
	Alt 2 Option 3. In our understanding, multiplexing procedure should be applied when timeline is satisfied, so we suggest to modify as following:
Option 3: the LP PUCCH joins the multiplexing procedure in the first time unit with overlapping HP HARQ-ACK satisfying multiplexing timeline. If the LP PUCCH does not overlap with any HP HARQ-ACK, the first time unit with overlapping HP PUCCH(s) is selected.


	Lenovo/Motorola Mobility
	Alt 2 Option 2 is similar to Alt 2 Option 1 for most of cases. In case that UE cannot multiplex the LP PUCCH in the first time unit with overlapping HP PUCCH(s) due to e.g. the payload size limit, the UE would further perform the multiplexing procedure in the next time unit.  



Based on input contributions, it seems that companies have different understandings on the note of avoiding recursive pseudo code in the previous agreement. 
	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



To be more specific, it is not clear whether a resultant PUCCH with HP and LP UCI in step 2 is allowed to be overlapped with another HP PUCCH or PUSCH as illustrated in the following figure. After step 2.1, the HP UCI and LP UCI are multiplexed in HP PUCCH-2 resource which overlaps with HP PUSCH or HP PUCCH which does not overlap with HP PUCCH-1.


Figure 13: overlapping of UL channels with same priority in step 2

Companies are invited to share your views and reasons in the following tables.
[Medium priority] Proposal 1-3-4:
For a resultant PUCCH with HP and LP UCI in step 2, down-select from:
· Alt. 1: the resultant PUCCH with HP and LP UCI in step 2 is not expected to be overlapped with a HP PUSCH.
· Alt. 2: the resultant PUCCH with HP and LP UCI in step 2 is not expected to be overlapped with a HP PUCCH.
· Alt. 3: the resultant PUCCH with HP and LP UCI in step 2 is not expected to be overlapped with a HP PUCCH or a HP PUSCH.
· Alt. 4: the resultant PUCCH with HP and LP UCI in step 2 overlapping with a HP PUCCH or a HP PUSCH is allowed.

	
	Company

	Alt. 1
	

	Alt. 2
	Huawei/Hisi, Nokia/NSB, InterDigital, ZTE, Panasonic,vivo, Quectel,OPPO, ITRI, Lenovo/Motorola Mobility

	Alt. 3
	Sony, Intel, TCL

	Alt. 4
	Samsung, LG, Xiaomi, CATT



	Company
	Comments

	Samsung
	Alt 4 has the best scheduling flexibility with negligible spec impact.

	Huawei/Hisi
	As explained in proposal 1-3-1, at least to our understanding, the resulting HP&LP channel should not overlap with another PUCCH; but it can be overlapped with another PUSCH, for which the PUCCH/PUSCH multiplexing would be performed.

	Nokia/NSB
	Multiplexing of the resulting HP PUCCH on a PUSCH should still be possible. But clearly multiple overlapping PUCCHs of the same priority should not be expected, e.g. consider two different HP HARQ-ACK codebooks in the two HP PUCCHs.  

	Sony
	If we strictly do not allow recursive pseudo-code then Alt. 3 is the only expectation.

	Intel 
	We share the same understanding with Sony. 
Furthermore, we want to point out, Alt 3 can avoid some complicated cases for more than two overlapped channels in step 2, which may require new rule to choose the channel, e.g., Alt 2-1 in proposal 1-4-1. 

	LG
	It seems there is different understanding on whether the multiplexing between PUCCH multiplexed with HP UCI+LP UCI and another PUCCH with HP UCI is considered as same priority multiplexing or different priority multiplexing.
Our understanding is that the above case is different priority multiplexing since, anyhow, the multiplexing is performed for different priority.

	Xiaomi
	Alt 4 is a consequence of Proposal 1-3-1. and we can also support Alt 2 if all the PUCCH channels can be multiplexed by one shot.




Collision handling of PUCCHs and PUSCHs with different priorities
4.1.1.4. 1st round discussion
In Rel-15, the PUSCH selection rule for UCI multiplexing is as follows.
	Conclusion (RAN1#97):
For the issue raised in the draft CR R1-1906302, the intended UE behavior per specification is commonly understood as follows:
· For UCI multiplexing, within a PUCCH group, on PUSCH, the following two steps are performed with step 1 first, then followed by step 2:
· Step 1: UCI in overlapped PUCCH transmissions is multiplexed into one PUCCH resource (resource Z) on PCC. This step is done per PUCCH slot. 
· Step 2: UCI, that doesn’t include SR, in Z is multiplexed into one PUSCH, if Z overlaps with at least one PUSCH, following the priorities (sequentially from high to low) as listed below.
· First priority: PUSCH with A-CSI as long as it overlaps with Z
· Second priority: earliest PUSCH slot(s) based on the start of the slot(s)
· If there are still multiple PUSCHs overlap with Z in the earliest PUSCH slot(s), follow the following priorities (sequentially from high to low)
· Third priority: Dynamic grant PUSCHs > configured grant PUSCHs PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH
· Fourth priority: PUSCHs on CC serving cell with smaller CC serving cell index > PUSCHs on CC serving cell with larger CC serving cell index
· Fifth priority: Earlier PUSCH transmission > later PUSCH transmission 
Note: The clarification applies to both cases with the same (except the second priority part) and different numerologies among PUCCH and PUSCHs.




In Rel-17 intra-UE multiplexing, a PUCCH with a certain priority may overlap with multiple candidate PUSCHs for UCI multiplexing. The baseline solution is to reuse Rel-15/16 rule to select a PUSCH for UCI multiplexing. Furthermore, there are various proposals to take additional factors into account for PUSCH selection to ensure the latency/reliability of UCI/PUSCH. It is proposed to have some initial discussion on this issue.

[Low priority] Proposal 1-4-1:
For multiplexing of PUCCH and PUSCHs with different priorities, if there are multiple candidate PUSCHs for UCI multiplexing,
· Alt. 1: Rel-15/16 rule is reused for PUSCH selection.
· Alt. 2: additional factors are taken into account for PUSCH selection in addition to the factors considered in Rel-15/16:
· Alt. 2-1: priority index of PUSCH
· Alt. 2-2: whether the PUSCH is with or without UCI after step 1
· Alt. 2-3: ending symbol of the PUSCH
· Alt. 2-4: whether the PUSCH would be cancelled, e.g. due to collision with semi-static DL symbol(s), prioritization of PUSCHs on the same serving cell, cancellation by CI etc.
· Alt. 2-5: others

	
	Company

	Alt. 1
	Huawei/Hisi (2nd preference), Intel, LG (if diverged), QC, vivo, TCL, Quectel, ITRI

	Alt. 2-1
	Apple 

	Alt. 2-2
	Samsung

	Alt. 2-3
	Huawei/Hisi (1st preference), Sony, InterDigital, LG

	Alt. 2-4
	Samsung, Sony, ZTE,vivo

	Alt. 2-5
	LG (according to the indicated beta offset value)



	Company
	Comments

	Samsung
	We think one essential principle is to avoid HP HARQ-ACK dropping. Alt 2-4 can help avoid it. 
In addition, similar as Proposal 1-4-2, checking semi-static DL conflicts can be performed before Step 1 to avoid UCI multiplexing in an invalid PUSCH of the same priority.
Alt 2-2 can help avoid CSI dropping and it is also preferred. 

	Huawei/Hisi
	We think this proposal should be applied to “the incapable UE” of enabling/disabling flag in proposal 1-1-1? Then we think the multiplexing enabling/disabling depending on ending symbol would be helpful. We can also live with Alt.1.

	Nokia/NSB
	Further clarification needed - we are a bit puzzled about the question here. 
Our understanding is, that after step 1 the resulting PUCCH would not be overlapping with a PUSCH of the same priority (as we apply the Rel-15 multiplexing in step 1). So, are the multiple candidate PUSCH actually only from a different priority than the PUCCH (at least our understanding) – or is there something that we missed. 
In case the multiple candidate PUSCHs are only of a different priority than the PUCCH, then e.g. Alt. 2-1 does not seem to make sense here. 

	Sony
	For Alt. 1, does it refers to:
1) A PUCCH overlapping with multiple PUSCHs where these PUSCHs have the same L1 priority or
2) A PUCCH overlapping with multiple PUSCHs where these PUSCHs have different L1 priorities? 


	InterDigital
	Prefer Alt. 2-3 for latency, with the understanding that this selection is between PUSCHs in different serving cells.

	Intel 
	We suggest to discuss this  proposal later, after we make the decision for dynamic indication and how to avoid recursive steps, because it highly depends on the outcome for those issues. 
For example, if dynamic indication is configured, Alt 1 is sufficient. gNB can choose to not multiplex HP UCI onto a LP PUSCH, if the LP PUSCH is not suitable for multiplexing. 
For another example, if Alt. 3 in proposal 1-3-4 is supported (the resultant PUCCH with HP and LP UCI in step 2 is not expected to be overlapped with a HP PUCCH or a HP PUSCH), no need of Alt 2-1 here, because resultant UL channel in step 2 can not overlap with another UL channel with same priority. 

	ZTE
	From my understanding, Alt.1 is the baseline, and Alt.2 is the complementary factors. Anyway, Alt.1 should be supported.
For Alt. 2-3, could the components support it clarify how to use ending symbol of the PUSCH for PUSCH selection?

	QC
	Reusing Rel-15/16 procedure seems workable here. To minimize spec impact, it should be adopted. 

	Sharp
	Alt 1 should be the baseline unless there are serious issues raised.

	vivo
	For PUCCH with mixed priorities of UCI, it is better to multiplex on HP PUSCH. In addition, UCI dropping should be avoided. Prioritization of PUSCHs on the same serving cell should be done before UE determines to multiplex UCI on one PUSCH.

	Ericsson
	In our view, the following sub-steps need to be performed before the sub-step of multiplexing PUCCH and PUSCHs with different priorities
Sub-step 1 (eligible combination check): Cancellation of LP channel if there is no eligible UCI-PUSCH combination, or if the eligible UCI-PUSCH combination does not resolve the collision. Follow Rel-16 cancellation time.
· Cancel an LP PUSCH that overlaps with HP PUCCH(s), if the collision between LP PUSCH and HP PUCCH still exists after applying the available, eligible combinations to multiplex HP UCI onto the LP PUSCH.  For example, LP PUSCH overlaps with HP SR. 
· Cancel an LP PUCCH that overlaps with one or more HP PUSCH, if the UCI-PUSCH combination is not supported in Rel-17. For example, LP SR vs HP PUSCH, LP CSI vs HP PUSCH.
Sub-step 2 (timeline check): 
· Cancel an LP PUSCH that overlaps with one or more eligible HP PUCCH(s), if the collision between LP PUSCH and at least one HP PUCCH does not meet the Rel-15 multiplexing timeline. 
· Cancel an LP PUCCH where the LP PUCCH overlaps with one or more eligible HP PUSCHs, but does not meet the Rel-15 multiplexing timeline for multiplexing the LP PUCCH with any of the eligible HP PUSCH.
· If a PUCCH overlaps with multiple PUSCHs, exclude PUSCH(s) that do not satisfy Rel-15 PUCCH/PUSCH multiplexing timeline from the set of candidate PUSCH(s) for UCI-PUSCH multiplexing


	OPPO
	Clarification for Alt2-3
If ending symbol of the PUSCH is additional restriction on top of current PUSCH selection procedure, why is it only applied for multiple PUSCHs case?
If ending symbol of the PUSCH instead of starting symbol in current PUSCH selection procedure, the result is the same, why do we need new condition? If the intention is to select the earliest PUSCHs among multiple CCs, the order between the fourth priority, i.e. lowest CC index and fifth priority, i.e. earliest PUSCH, should be exchanged.

	Lenovo/Motorola Mobility
	This can be discussed after concluding previous proposals, e.g. Proposal 1-3-4.



In case there are overlapping PUSCHs with different priorities on a same serving cell, some companies proposed to handle the collision before step 1 to avoid the case if LP HARQ-ACK is multiplexed in a LP PUSCH and then the LP PUSCH is cancelled by a HP PUSCH on the same serving cell. However, there are potential timeline issues if Rel-15 timeline is not satisfied for all overlapping channels as illustrated below. UE may not be able to prioritize HP DG PUSCH and transmit LP HARQ-ACK given the DCI associated with HP PUSCH arrives late.


Besides, it is not clear whether the proposal is in compliance with the previous agreements we made on the framework for handling overlapping PUCCHs/PUSCHs with different priorities in R17. Companies are invited to share your views on the following proposal.

[Low priority] Proposal 1-4-2:
In case there are overlapping PUSCHs with different priorities on a same serving cell, for handling overlapping PUCCHs/PUSCHs with different priorities, prioritization between the overlapping PUSCHs on a same serving cell is handled before step 1.

	
	Company

	Support
	Samsung, Nokia/NSB (in principle), Sony,vivo, Ericsson, ITRI

	Not support
	Huawei/Hisi, Intel, ZTE, QC, Sharp, Quectel, Lenovo/Motorola Mobility




	Company
	Comments

	Samsung
	One important motivation for Rel-17 intra UE multiplexing it to avoid LP HARQ-ACK dropping. The proposal can help avoid LP HARQ-ACK dropping if the LP HARQ-ACK would be multiplexed in the LP PUSCH.

Similarly, checking semi-static DL collision for PUSCHs should also be performed before step 1. It can help avoid both HP and LP HARQ-ACK dropping.

	Huawei/Hisi
	Consider a case where the LP PUSCH receives a cancelling indication at a later time point, UE cannot foresee what happens before it performs the multiplexing operation between LP PUCCH/PUSCH at step 1.
[image: ]

	Nokia/NSB
	We do agree, but it would be good to clarify here that we are talking about valid PUSCHs have a MAC PDU deliver (cmp. the R16 UL skipping discussions). 

	Intel 
	We agree with Nokia/NSB that, the proposal can work if there is one MAC PDU delivered. 
But, if there are two MAC PDUs as we agreed in last meeting, resolving PUSCH collision before step 1 may not work for the case, if LP PUSCH can be partially cancelled by a HP DG PUSCH with Rel-16 cancellation timeline (though d2 value is still FFS), e.g., the figure shown by HW but HP HARQ is replaced by HP PUSCH. 
It would be desirable to have a unified design for both single and two MAC PDUs case. 

	ZTE
	From the figure, it seems there is no enough time to multiplexing LP HARQ-ACK into LP PUSCH if UE wants to wait the DCI for HP PUSCH. It sounds affect the ordinary processing of UE.

	QC
	If we follow Rel-16 procedure, we believe the order should be multiplexing first then dropping later. But in the dropping procedure, any LP channel which has HP UCI multiplexed on should be promoted to a HP channel. 

	Sharp
	At the time When the LP PUSCH transmission starts, the UE may not know there will be a HP PUCCH. So the LP HARQ-ACK multiplexing on LP PUSCH should already be performed in step 1 before the LP PUSCH transmission. The proposed method is not practical and may not work in many cases.

	Quectel
	As explained by FL, this proposal may have timeline issue so may not work in some cases.

	Ericsson
	In our view, the illustrated case already exists in Rel-16. The only difference is, 
· in Rel-16, MAC ensures that at most one PDU is delivered to the two overlapping PUSCH. This ensures that LP CG PUSCH is cancelled before entering 38.213 mux/prio procedure.
· in Rel-17 MAC is allowed to deliver two PDUs to PHY. Thus PHY needs to cancel the LP CG PUSCH before entering 38.213 mux/prio procedure.
Thus, there is no new timeline issue compared to Rel-16.

	ITRI
	Prioritize the overlapping PUSCHs before step 1 can avoid unnecessary UCI dropping.

	Lenovo/Motorola Mobility
	Agree with moderator’s assessment on timeline issue. For some cases, it may not be possible to determine cancelling LP PUSCH transmission before step 1. 



4.2. Simultaneous PUCCH/PUSCH transmission
4.2. 
4.2. 
Simultaneous PUCCH/PUSCH transmission of same PHY priority
4.2.1.1. 1st round discussion
Whether simultaneous PUCCH/PUSCH transmission of same priority over different cells is supported or not have been extensively discussed in previous meetings without conclusion. Based on the input contributions, the views are still divergent. The arguments to support/not support simultaneous PUCCH/PUSCH transmission of same priority are listed as follows.
Argument to support simultaneous PUCCH/PUSCH transmission of same priority:
· beneficial for some special cases where UCI may be dropped according to current rules or when PUSCH resource is limited [10]
· no much difference to support simultaneous transmission of PUCCH/PUSCH with same or different priorities from specification and UE implementation point of view [18][28][29]
· forcing PUCCH always multiplexing on an overlapping PUSCH on another CC may create performance degradation for PUCCH, e.g. a “long” PUCCH overlap with a “short” PUSCH on different CC [28]

Argument to not support simultaneous PUCCH/PUSCH transmission of same priority:
· Supporting simultaneous transmission for the same priority is not the focus of this topic [4]
· The operation of simultaneous PUSCH / PUCCH of the same PHY priority (in Step 1) for the mixed PHY priority case would lead to unnecessary LP UCI (and PUSCH) dropping in some cases [8][15]
· The operation of simultaneous PUSCH / PUCCH of the same PHY priority for a single PHY priority case (i.e., PHY priority not configured) does not provide any advantages over the Rel-15/16 operation [8]
· The support of simultaneous PUSCH / PUCCH of the same PHY priority leads to unnecessary increased specification, implementation and IoT testing efforts and thereby will unnecessarily increase UE and gNB complexity [8] 
· Multiplexing enhancements of the same PHY priority are not in scope of the WI objective i.e. simultaneous PUSCH / PUSCH of the same PHY priority is outside the Rel-17 WI scope [8]
· Complicate the multiplexing/cancellation procedure [15]
· PUSCH performance degrades due to less transmission power when UE is power limited [26]

Given that the issue has been extensively discussed and it would impact the discussion of interaction between Rel-17 intra-UE multiplexing and simultaneous PUCCH/PUSCH transmission, we need to find a middle-ground and have a conclusion as early as possible. 
A compromised proposal from moderator is to support simultaneous PUCCH/PUSCH transmission of same priority subject to UE capability and support separate configurations for simultaneous PUCCH/PUSCH transmission of same priority and simultaneous PUCCH/PUSCH transmission of different priorities so that gNB can disable simultaneous PUCCH/PUSCH transmission of same priority if performance degradation is expected.
It is intended to conclude the issue in the 1st round. Companies are invited to provide your views in the following tables. The spirit of compromise would be highly appreciated.

[High priority] Proposal 2-1-1: 
Simultaneous PUCCH/PUSCH transmission of same priority over different cells is supported in Rel-17 subject to UE capability.
· Simultaneous PUCCH/PUSCH transmission of same priority and simultaneous PUCCH/PUSCH transmission of different priorities can be separately enabled by RRC configuration

	
	Company

	Support
	QC, vivo, CATT

	Not support
	Samsung Huawei/Hisi, Nokia/NSB, Sony, ZTE, DOCOMO, LG, Sharp, Panasonic, Quectel, Ericsson,OPPO, Lenovo/Motorola Mobility



	Company
	Comments

	Samsung
	We cannot accept it based on capability for same priority – no different capabilities for different priorities. We can accept only if there will not be yet another multiplexing procedure.

	Huawei/Hisi
	We need to point out that different UE behaviours should be specified for the two capabilities, which would unavoidably bring more spec efforts and implementation complexity. So we hope there would be a single simultaneous PUCCH/PUSCH transmission capability to be introduced here.
For simultaneous transmission of the same priority:
· Step1: UE performs the intra-priority multiplexing for PUCCH/PUCCH and PUCCH/PUSCH only at PCell; if there are overlapping PUCCH/PUSCH of the same priority belonging to different cells, they are kept there on hold.
· Step2: UE performs the inter-priority operations for LP channel and HP channel at PCell if any; if there are overlapping PUCCH/PUSCH of the different priorities belonging to different cells, they are transmitted simultaneously.

For simultaneous transmission of the different priority:
· Step1: UE performs the intra-priority multiplexing for PUCCH/PUCCH and PUCCH/PUSCH all over the cells.
· Step2: UE performs the inter-priority operations for LP PUCCH and HP PUCCH all over the cells if any; if there are overlapping resulting PUCCH/PUSCH of the different priorities belonging to different cells, they are transmitted simultaneously.

	Nokia/NSB
	Not support.
As commented already in previous meeting(s), multiplexing PUCCH/PUSCH of the same PHY priority over different cells already supported since the first release of NR: Rel-15. Even more important, the support of simultaneous PUSCH/PUCCH of the same PHY priority will increase the possibility of dropping low-priority information and channel as discussed in our Tdoc (R1-2111140). In addition, the high-priority PUSCH may be transmitted with a reduced Tx power because following the specified Tx power allocation procedure (Section 7.5 of TS 38.213), the UE prioritizes power allocation for the carrier where UE is configured to transmit PUCCH. Moreover, we fail to see any advantages of supporting simultaneous PUCCH/PUSCH of the same priority and have not heard from any companies why this should be supported in the first place (i.e. the merits of doing so). Furthermore, multiplexing enhancements of the same PHY priority are not in scope of the Rel-17 WI objective.

	Sony
	We have more specs impact to define two different procedures for UE that can and cannot perform simultaneous PUSCH/PUCCH Tx with same L1 priority.

	Intel 
	We understand the motivation of this compromised proposal, and we also hope we can make progress in this meeting.  
We have concern, if supporting same and different priority leads to additional UE complexity and standard effort. We’d like to hear views from proponents for same priority to see how much complexity and standard effort is needed. 
(1) Do you think, gNB can enable both simultaneous transmission for same and different priorities, or only enable one mode (same or different priorities) once? 
(2) If both modes can be enabled at a time, It requires UE to do some additional check in both step 1 and step 2 for intra-UE multiplexing.  The complexity is increased, right ?
If gNB can only enable one mode, UE only needs to do additional check either in step 1 (for same priority) or in step 2 (for different priority). But the question is, whether similar design is applicable for both modes, rather than defining a totally different sub-steps for these two cases?  For example, same new sub-step either in step1 or step 2? Currently, there’re different proposals on how to support PUCCH/PUSCH simultaneous transmissions in step 1. Different proposals have different standard impact and complexity. Whether we can converge in this meeting, and choose the one with minimum difference from inter-priority case?  

	ZTE
	Appreciate the moderator’s intention. But if simultaneous PUCCH/PUSCH transmission of same priority over different cells is supported, it means the Rel-15 multiplexing is not supported. What is the motivation of simultaneous PUCCH/PUSCH transmission of same priority? The argument to support this is for a corner case.

	DOCOMO
	We still don’t prefer to introduce the simultaneous PUCCH/PUSCH TX of same priority with the reasons listed above summary. Besides, even if it is introduced, we don’t think separate capability is needed from that of the simultaneous PUCCH PUSCH TX of different priorities because there is not much difference from UE implementation perspective.

	QC
	We support FL proposal. 
The use case for simultaneous PUCCH/PUSCH Tx is illustrated as following. We have mentioned this use case for a few meetings. And we disagree the following is corner case. It is a nominal case for FR1+FR2 UL CA. 
If excluding this feature for same priority, then HP long PUCCH (e.g., with 14 OFDM symbol) on PCC with 30Khz SCS which is meant for high reliability will be multiplexed on a short HP PUSCH (e.g. 1 OFDM symbol) PUSCH on FR2 Scell with 120Khz. This is very problematic for URLLC.  



Based on the agreement made in RAN1 102e, “Support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA”. This functionality of PUCCH/PUSCH simultaneous TX with same priority is already support. We hope companies could respect existing agreements. 
Regarding the comments that same priority is not in scope of Rel-17 WI, we disagree. If companies indeed think WI should only cover enhancement with different priorities, should we limit the Rel-17 intra-UE framework for channels with different priorities only? Meaning, any two channel with same priority should not appear in Rel-17 intra-UE mux framework?
We appreciate FL’s effort to move forward based on RAN1 102e agreement. Although we don’t prefer to have separate capability/RRC configuration for simultaneous PUCCH/PUSCH with same and different priorities, we can support FL proposal.  

	Sharp
	There is no clear benefit to support simultaneous PUCCH and PUSCH for the same priority, since the multiplexing methods are well defined since Rel-15.

	Quectel
	We don’t understand the reason why different UE capabilities are required for simultaneous TX of same priority and different priorities. We don’t think there is much difference in UE implementation. We prefer a unified solution without dependency on UE capability.

	Ericsson
	Support both options via RRC configuration is worse than either option. This forces RAN1 to define two sets of prioritization procedures, one for allowing Simultaneous PUCCH/PUSCH of same priority over different cells, the other for not allowing it.

	Lenovo/Motorola Mobility
	We do not support simultaneous PUSCH/PUCCH transmissions of same priority over different cells. 
Specifying two different procedures for overlapping PUSCHs/PUCCHs of the same priority depending on the support of simultaneous PUSCH/PUCCH transmissions is not desired, since simultaneous PUSCH/PUCCH transmissions do not have significant benefit over multiplexing PUSCHs/PUCCHs.



According to the feedback above, it seems that the proposal to support separate configurability for simultaneous PUCCH/PUSCH transmission of same priority and simultaneous PUCCH/PUSCH transmission of different priorities does not help for progress. Therefore, the proposal is updated as follows to check companies’ views.
[High priority] Proposal 2-1-1a: 
Simultaneous PUCCH/PUSCH transmission of same priority over different cells is supported in Rel-17.
· Simultaneous PUCCH/PUSCH transmission of same priority and simultaneous PUCCH/PUSCH transmission of different priorities are jointly enabled/disabled by RRC configuration

	
	Company

	Support
	QC, CATT

	Not support
	LG, Ericsson, Nokia/NSB,OPPO, Huawei/Hisi, Lenovo/Motorola Mobility



	Company
	Comments

	LG
	Not supportive to this Proposal 2-1-1a with same reason as Nokia.
Another reason is that the support of simultaneous PUCCH+PUSCH TX even for same priority would make complication in overall intra/inter-priority multiplexing procedure.

	QC
	We support FL proposal. 
The use case for simultaneous PUCCH/PUSCH Tx is illustrated as following. We have mentioned this use case for a few meetings. And we disagree the following is corner case. It is a nominal case for FR1+FR2 UL CA. 
If excluding this feature for same priority, then HP long PUCCH (e.g., with 14 OFDM symbol) on PCC with 30Khz SCS which is meant for high reliability will be multiplexed on a short HP PUSCH (e.g. 1 OFDM symbol) PUSCH on FR2 Scell with 120Khz. This is very problematic for URLLC.  



Based on the agreement made in RAN1 102e, “Support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA”. This functionality of PUCCH/PUSCH simultaneous TX with same priority is already support. We hope companies could respect existing agreements. 
Regarding the comments that same priority is not in scope of Rel-17 WI, we disagree. If companies indeed think WI should only cover enhancement with different priorities, should we limit the Rel-17 intra-UE framework for channels with different priorities only? Meaning, any two channel with same priority should not appear in Rel-17 intra-UE mux framework?
To LG: from specification point of view, I don’t disagree support of simultaneous PUCCH+PUSCH TX even for same priority would make complication in overall intra/inter-priority multiplexing procedure. However, from UE implementation point view, we could choose to enable simultaneous transmission only and not enable UCI multiplexing in UL CA, which could simplify UE implementation a lot. 


	Ericsson
	Simultaneous PUCCH/PUSCH of same priority is expected to have worse performance than the existing behavior of multiplex UCI onto PUSCH, due to power allocation on two carriers.
Also, the usage is limited. For the case that there are simultaneous PUSCH on carriers, UCI has to be multiplexed onto PUSCH anyways.

	Nokia/NSB
	Not support.
As commented already in previous meeting(s), multiplexing PUCCH/PUSCH of the same PHY priority over different cells already supported since the first release of NR: Rel-15. Even more important, the support of simultaneous PUSCH/PUCCH of the same PHY priority will increase the possibility of dropping low-priority information and channel as discussed in our Tdoc (R1-2111140). In addition, the high-priority PUSCH may be transmitted with a reduced Tx power because following the specified Tx power allocation procedure (Section 7.5 of TS 38.213), the UE prioritizes power allocation for the carrier where UE is configured to transmit PUCCH. Moreover, we fail to see any advantages of supporting simultaneous PUCCH/PUSCH of the same priority and have not heard from any companies why this should be supported in the first place (i.e. the merits of doing so). Furthermore, multiplexing enhancements of the same PHY priority are not in scope of the Rel-17 WI objective.
This is not about UE capability, but about the feature in general!

	
	

	
	

	
	




Simultaneous PUCCH/PUSCH transmissions on different cells for intra-band CA
4.2.1.2. 1st round discussion
There is an FFS on whether simultaneous PUCCH/PUSCH transmissions on different cells are supported for intra-band CA. Based on the input contributions, the views are still divergent. 
Argument to support simultaneous PUCCH/PUSCH transmission on different cells for intra-band CA:
· phase discontinuity issue was handled by separate UE features in Rel-15/16 [9]
· supported in LTE [10]
· no distinction between inter-band and intra-band CA from RAN1perspective [18]
· no apparent reason for a UE capable to transmit PUSCH on the PCell and an SCell to not be capable to transmit PUCCH on the PCell and PUSCH on the SCell [18]
· phase discontinuity issue exists already for PUSCH transmissions in intra-band CA [29]

Argument to not support simultaneous PUCCH/PUSCH transmission on different cells for intra-band CA:
· phase discontinuity especially for single PA case [8][15][20]
· significant scheduling restrictions to achieve time alignment between UL PUCCH and PUSCH [8] [15] [20]
· large Tx power back-off [8][20]

It seems to the moderator that the main arguments to not support simultaneous PUCCH/PUSCH transmission on different cells for intra-band CA is phase discontinuity and Tx power back-off. However, it is argued by the proponents that the issue is the same as simultaneous PUSCH transmissions for intra-band CA.
Given that the issue is well understood and continued discussion may not help, it is intended to conclude the issue in 1st round discussion. A compromised proposal from moderator is to support simultaneous PUCCH/PUSCH transmission on different cells for intra-band CA subject to UE capability. Companies are invited to provide your views in the following tables. The spirit of compromise would be highly appreciated.

[High priority] Proposal 2-2-1: 
Support simultaneous PUCCH/PUSCH transmissions on different cells for intra-band CA subject to UE capability.

	
	Company

	Support
	Samsung, Huawei/Hisi, DOCOMO, LG (open), CATT,TCL, Ericsson

	Not support
	Nokia/NSB, Intel, QC (would be OK with an updated proposal as below), Sharp, Panasonic, Apple, Quectel, Lenovo/Motorola Mobility




	Company
	Comments

	Nokia/NSB
	In our views, there are potential issues with supporting simultaneous PUCCH/PUSCH transmissions on different cells for intra-band CA: (1) Tx discontinuity which could bring significant scheduling restrictions since the time alignment between UL PUCCH and PUSCH becomes necessary. (2) Large Tx power back-off: simultaneous transmission of PUCCH and PUSCH across intra-band carriers would generate additional inter-modulation products in the UE transmitter chain which will necessitate a transmitter power back-off. In the worst case, the power back-off can be up to 10 dB and the impact of such a power back-off can be quite considerable since UE has to be operated with a much-reduced maximum transmit power. We understand the intention that with the introduction of UE capability, this feature can be supported. However, considering the additional restrictions, in the end the benefits of this feature can be rather marginal if any. Based on this, we do not support this proposal. 

	Intel 
	We share the same view with Nokia/NSB. 

	QC
	We don’t support the proposal in current form. For intra-band CA, simultaneous transmissions would require aligned starting and ending; Otherwise, it cannot be supported with a single PA, due to power change. 
We will be OK with the proposal with following modification:
Support simultaneous PUCCH/PUSCH transmissions with aligned starting and ending point on different cells for intra-band CA subject to UE capability.

	Sharp
	We also share the views of Nokia.

	Panasonic
	PSD and data transmission width relation should also be taken into account as wider data transmission needs to be lower PSD as the total UE power is limited. How to handle PSD difference between PUCCH and PUSCH would be the issue.

	Quectel
	Same view as Nokia/NSB. In addition, this may have large impacts to RAN4.

	
	



Let’s check whether the proposal from Qualcomm can be acceptable.
[High priority] Proposal 2-2-1a: 
Support simultaneous PUCCH/PUSCH transmissions with aligned starting and ending point on different cells for intra-band CA subject to UE capability.

	
	Company

	Support
	MediaTek, QC

	Not support
	Intel, Nokia/NSB, Ericsson, Lenovo/Motorola Mobility, Apple (we don’t support intra-band CA for simultaneous PUCCH/PUSCH in general)




PHR report
4.2.1.3. 1st round discussion
In NR, power headroom report (PHR) is only defined for PUSCH and SRS transmission. Namely, Type 1 power headroom is defined to capture the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell. Type 3 power headroom is defined to capture the difference between the nominal UE maximum transmit power and the estimated power for SRS transmission per activated Serving Cell. Type 2 PHR is reserved in NR spec TS 38.213 but was not used so far. [28]
It was proposed in [10][26][28] to support PHR report for PUCCH in Rel-17 considering simultaneous PUCCH/PUSCH transmission and PUCCH cell switching supported in Rel-17. For example, PHR for PUCCH is beneficial for gNB in terms of PUSCH scheduling/power control of SCells and/or determination of PUCCH cell etc. Before discussing the details, companies are invited to provide your views on whether PHR for PUCCH should be supported in Rel-17.
[Medium priority] Proposal 2-3-1:
Support PHR for PUCCH in NR in Rel-17.

	
	Company

	Support
	Samsung, Huawei/Hisi, InterDigital, ZTE, QC, vivo, CATT, TCL

	Not support
	Nokia/NSB, Intel (at least not now), LG, Sharp, Quectel(open for further discussion), Ericsson




	Company
	Comments

	Nokia/NSB
	Not essential / highest priority issue we need to solve.

	Intel 
	Can be discussed, after we resolve the fundamental issues. 

	LG
	Same view with Nokia.
We don’t see the essentiality unless simultaneous PUCCH+PUSCH TX is allowed in a same cell as in LTE-A.

	QC
	In our view, this is not medium priority issue. This is a high priority issue. Without PHR for PUCCH, the feature of simultaneous PUCCH and PUSCH does not work. Without knowing how much PUCCH PHR is left for a cell, how could NW schedule PUCCH on that cell? 
[image: A picture containing diagram

Description automatically generated]

	Sharp
	Not essential for UE operation. The UE needs to allocate power based on channel priority and channel types anyway. 
The HP PUCCH power should be allocated first. For LP PUCCH simultaneous transmission with HP PUSCH, the HP PUSCH should have higher priority for power allocation.

	Xiaomi
	This issue can be discussed after the outcome of discussion for 4.2.1/1.2.2

	Quectel
	Same view as Intel.



4.3. [bookmark: _Ref86760510]Interaction between Rel-17 intra-UE multiplexing and simultaneous PUCCH/PUSCH transmission
4.3. 
1st round discussion
It is not intended to have discussion of interaction between Rel-17 intra-UE multiplexing and simultaneous PUCCH/PUSCH transmission in the first round.
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