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[bookmark: _Ref513464071]Introduction
The WI on Enhanced IIoT and URLLC support for NR includes an objective on Intra-UE multiplexing and prioritization of traffic with different priorities [1]. 
This contribution proposes to agree on the following:
· An additional set of scenarios for multiplexing;
· A mechanism based on DCI indication to enable/disable HARQ-ACK multiplexing on PUCCH;
· A mechanism based on DCI indication to enable/disable multiplexing of HARQ-ACK on PUSCH and simultaneous PUCCH/PUSCH transmission;

Furthermore, the contribution provides the results of a simulation campaign to compare the performance of joint coding against separate coding of LP and HP bits on PUCCH. The results support the proposal to use separate coding for multiplexing on PUCCH at least for certain payloads.
Additional set of scenarios
RAN1 agreed to support multiplexing for at least the following set of scenarios in RAN1#102-e:
· High-priority HARQ-ACK and low-priority HARQ-ACK in PUCCH
· High-priority SR and low-priority HARQ-ACK in PUCCH (for some PUCCH formats)
· High-priority HARQ-ACK, high-priority SR and low-priority HARQ-ACK in PUCCH
· Low-priority HARQ-ACK in high-priority PUSCH (UL-SCH only)
· High-priority HARQ-ACK in low-priority PUSCH (UL-SCH only)
· Low-priority HARQ-ACK in high-priority PUSCH (UL-SCH + high-priority HARQ-ACK and/or CSI)
· High-priority HARQ-ACK in low-priority PUSCH (UL-SCH + low-priority HARQ-ACK and/or CSI)
The support for these scenarios means that dropping of a low-priority PUSCH or a low-priority HARQ-ACK can be avoided for certain cases. Notably, dropping of a low-priority HARQ-ACK overlapping with high-priority SR can be avoided. This also avoids PDSCH retransmissions. To avoid PUSCH retransmissions as well, scenarios involving multiplexing of a high-priority SR with a low-priority PUSCH should be supported. These scenarios should include cases where high-priority SR is combined with high-priority HARQ-ACK and where the low-priority PUSCH carries low-priority HARQ-ACK and CSI. However, some low-priority components could be dropped in case resources are insufficient.
Proposal 1: Support multiplexing for following additional scenarios:
· High-priority SR in a low-priority PUSCH (UL-SCH only)
· High-priority SR and HARQ-ACK in a low-priority PUSCH (UL-SCH only)
· High-priority SR in a low-priority PUSCH (UL-SCH + low-priority HARQ-ACK and/or CSI)
· High-priority SR and HARQ-ACK in a low-priority PUSCH (UL-SCH + low-priority HARQ-ACK/CSI)
Multiplexing on PUCCH
Mechanism to enable/disable multiplexing
RAN1 agreed to support a mechanism for gNB to enable/disable multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH. Details of such mechanism, such as whether it is by DCI and/or RRC and interaction with other multiplexing conditions, remain to be discussed.
Whether multiplexing a high-priority HARQ-ACK codebook with a low-priority one is acceptable from latency and reliability perspective depends not only on the required transmission power and on the resource on which multiplexing would take place, but also on the specific QoS requirements of the downlink data associated to high-priority HARQ-ACK. The latter is only known to the network and is subject to vary dynamically from one codebook to the other. For this reason, an indication by DCI is required. Since the decision on whether multiplexing is enabled would typically happen at the time of scheduling PDSCH of the high-priority transmission, the indication should be contained in that DCI.
Proposal 2: DCI indicating HP HARQ-ACK also indicates if UE multiplexes HP HARQ-ACK with LP HARQ-ACK.
For the indication, the main options are to either introduce a new field or reuse an existing field (of possibly larger size), such as the PUCCH resource indicator field (PRI) or the priority indicator field. In case a HARQ-ACK codebook is not associated to any DCI (i.e. DL SPS), the indication needs to be part of the RRC configuration.
Proposal 3: RRC configuration of SPS with HP HARQ-ACK includes an indication of whether the UE can multiplex HP HARQ-ACK with LP HARQ-ACK.
RAN1 agreed on multiplexing scenarios involving HP SR and LP HARQ-ACK on PUCCH. In the case of SR, it should be possible to configure by RRC whether multiplexing is enabled or not on a per-resource basis. This allows the network to enable/disable multiplexing of SR resources depending on the associated logical channel(s). 
Proposal 4: RRC configuration of a HP SR resource includes an indication of whether the UE can multiplex HP SR with LP HARQ-ACK.
PUCCH resource for multiplexing
If a DCI indicates that multiplexing is enabled, a robust solution would be that this DCI also indicates the PUCCH resource on which multiplexing takes place. Such resource would naturally be taken from the PUCCH configuration associated to the HP HARQ-ACK codebook (as agreed in RAN1#104 for total number of bits larger than 2). This would help ensure that the reliability target of HP HARQ-ACK is met. Even for the case of 2 bits, the resource must be taken from the HP (second) PUCCH configuration because power control configuration within the LP PUCCH configuration would not warrant the required reliability for the HP HARQ-ACK.
Proposal 5: DCI indicating HP HARQ-ACK also indicates the PUCCH resource for multiplexing HP HARQ-ACK and LP HARQ-ACK.
Proposal 6: The PUCCH resource for multiplexing HP HARQ-ACK and LP HARQ-ACK is from the PUCCH configuration for HP HARQ-ACK (for any total number of LP and HP bits).
The mechanism for determining the resource could be similar to the R15 mechanism. If multiplexing is enabled, the UE first determines a PUCCH resource set based on the payloads of LP and HP HARQ-ACK codebooks, and then selects the resource from the PUCCH resource indicator. To minimize overhead, an indication of disabling multiplexing could be provided by configuring a resource set without a PUCCH resource identity for some value of the PRI. In such case, the UE would fall back to a resource set based on the payload of the HP HARQ-ACK codebook only.
Channel coding
RAN1 agreed to down-select between 3 options for channel coding when the total number of LP and HP HARQ-ACK bits is more than 2. The options are 1) Joint coding, 2) Separate coding and 3) Combination of joint and separate coding. It would be desirable to specify a scheme that minimizes the resources (e.g. power) required to meet both reliability targets within reasonable complexity.
Link-level simulations for different payloads of LP and HP bits using separate or joint coding were run to help determine the most appropriate option. Assumptions and results are shown in Appendix A. 
The results show that separate coding provides significant gain over joint coding for most of the payload combinations studied. The smallest gain is observed for 12HP/12LP bits (0.3 dB). The largest gain is observed for 8 HP/48 LP bits (4.8 dB). Unsurprisingly, the gain is larger for larger ratio of HP to LP bits and it would likely be even higher for combinations such as e.g. 4 HP/40 LP. This observation justifies that at least separate coding is supported.
Observation 1: Separate coding provides significant gain over joint coding in typical scenarios when the number of LP bits is larger than the number of HP bits (e.g. 4.8 dB for 8 HP/48 LP).
Proposal 7: At least separate coding is supported when multiplexing LP and HP bits in PUCCH.
One potential issue with separate coding is the case where the number of bits is very small, such as 1 or 2. This case is likely to occur frequently in practice for HP bits since URLLC traffic may be bursty. In this situation separate coding of HP bits alone would result in poor coding gain for the HP bits. It may then be beneficial to jointly encode a subset of LP bits with the HP bits. The exact number of LP bits jointly encoded with HP can be further investigated.
Proposal 8: Support joint encoding of HP bits with a subset of LP bits when the number of HP bits is 1 or 2. FFS additional conditions.
If the number of LP bits is very small, it is likely better to jointly encode these bits with all HP bits instead of separately encode them.
Proposal 9: Support joint encoding of LP bits with HP bits when the number of LP bits is 1 or 2.
Handling of missing last DCI of LP HARQ-ACK codebook
If the UE misses the last DCI of the LP HARQ-ACK codebook this causes the UE and network to have different understandings for the payload of the multiplexed transmission. The reliability of the HP HARQ-ACK codebook thus becomes sensitive to the reliability of the last DCI of the LP HARQ-ACK. To avoid this, the network would have to increase the robustness of PDCCH indicating LP HARQ-ACK, which reduces spectral efficiency. A less costly solution may be to include the DAI of the LP HARQ-ACK in the DCI indicating HP HARQ-ACK. Since the DAI of the LP HARQ-ACK is only useful in the HP DCI and when multiplexing with LP HARQ-ACK is enabled, it could be advantageous to combine the priority index, the indication of whether multiplexing is enabled and the DAI of LP HARQ-ACK within a single field.
Proposal 10: DCI indicating HP HARQ-ACK includes an indication of the DAI of LP HARQ-ACK.
The DAI indication in the DCI indicating HP HARQ-ACK can also be used to ensure PUSCH decodability in the scenario of LP HARQ-ACK and HP HARQ-ACK multiplexing in PUSCH.
Multiplexing on PUSCH
UCI on PUSCH configurations
When UCI is multiplexed in PUSCH, the amount of resources utilized by UCI is controlled by the beta_offset parameters. The alpha (or scaling) parameter controls the maximum amount of resources for all UCI within the PUSCH. The proper setting of beta_offset parameters depends on the relative reliability requirements of the UCI and of the PUSCH. Given this, one set of beta_offset parameters for each combination of priorities of HARQ-ACK and PUSCH would be required.
Proposal 11: Support separate configuration of beta_offset parameters for the following cases:
· LP HARQ-ACK multiplexed in LP PUSCH
· LP HARQ-ACK multiplexed in HP PUSCH
· HP HARQ-ACK multiplexed in LP PUSCH
· HP HARQ-ACK multiplexed in HP PUSCH
For the alpha (scaling) parameter, considering that it is limiting the maximum amount of resources for all UCI within the PUSCH, separate configuration by priority index (as in R16) seems sufficient.
In R16, there is a single beta_offset indicator field in a DCI format 0_1 or 0_2. In a scenario where both LP HARQ-ACK and HP HARQ-ACK are multiplexed in LP (or HP) PUSCH, the DCI may need to indicate 2 sets of beta_offsets parameters, one for each of LP and HP HARQ-ACK. To support this, one could either extend a single beta_offset indicator field so that each value points to two sets of beta_offsets parameters, or one could introduce two separate beta_offset indicator fields. The latter option may be preferable if certain values of a beta_offset indicator are reserved to disable multiplexing for a certain priority index.
Proposal 12: DCI format 0_1 and 0_2 can be configured with two beta_offset indicator fields, where one is applicable to LP HARQ-ACK and the other to HP HARQ-ACK.
Mechanism to enable/disable multiplexing
RAN1 agreed to support a mechanism for gNB to enable/disable multiplexing HARQ-ACK on PUSCH of different priority. Details of such mechanism, such as whether it is by DCI and/or RRC and interaction with other multiplexing conditions, remain to be discussed.
As for the case of LP HARQ-ACK multiplexed with HP HARQ-ACK, dynamic control by DCI is required to adapt to QoS requirements of the data carried by or associated to the HP PUSCH or HP HARQ-ACK. The decision to multiplex or not the high-priority transmission should also take place when the high-priority transmission is scheduled. This implies that the indication should be included in the DCI associated to the HP transmission (PUSCH or HARQ-ACK).
Proposal 13: DCI scheduling HP PUSCH indicates if UE multiplexes LP HARQ-ACK in HP PUSCH.
Proposal 14: DCI indicating HP HARQ-ACK also indicates if UE multiplexes HP HARQ-ACK in LP PUSCH.
In the case of multiplexing on HP PUSCH scheduled by DCI, the beta_offset indicator field is a good candidate for the indication of multiplexing. In case only LP HARQ-ACK is multiplexed on HP PUSCH, one value of the field can be reserved to indicate that LP HARQ-ACK is not multiplexed and other values can be used to indicate that LP HARQ-ACK is multiplexed and for determining the applicable beta/alpha parameters. It would also be possible that one value indicates that LP HARQ-ACK is separately transmitted on PUCCH, if simultaneous PUCCH/PUSCH is configured for this carrier. 
Proposal 15: A beta_offset indicator field set to 0 indicates that UE disables multiplexing of LP HARQ-ACK in HP PUSCH.
In the case of multiplexing on HP PUSCH corresponding to configured grant, the indication to enable/disable multiplexing should be configured by RRC for each configured grant configuration.
Proposal 16: RRC configuration for each HP CG configuration includes an indication of whether the UE can multiplex LP HARQ-ACK in corresponding HP PUSCH.
In the case of multiplexing HP HARQ-ACK on LP PUSCH, when the HP HARQ-ACK codebook is not associated to any DCI (i.e. DL SPS), the indication to allow multiplexing in LP PUSCH needs to be part of the RRC configuration.
Proposal 17: RRC configuration of SPS with HP HARQ-ACK includes an indication of whether the UE can multiplex HP HARQ-ACK in LP PUSCH.
Handling of missing last DCI
The DCI scheduling PUSCH can include a DAI field corresponding to the size of a multiplexed HARQ-ACK codebook to protect against the loss of a last DCI. In case both LP HARQ-ACK and HP HARQ-ACK can be multiplexed in a PUSCH, one DAI may be required for each HARQ-ACK codebook. One possible solution could be to include the two DAI values in the DCI scheduling PUSCH. However, if a DAI for the LP HARQ-ACK codebook is anyway included in the DCI indicated HP HARQ-ACK (as proposed in previous section), the DCI scheduling PUSCH can indicate the DAI of the HP HARQ-ACK only.
Proposal 18: DCI scheduling PUSCH includes a single DAI value. In case both LP and HP HARQ-ACK are multiplexed in PUSCH, the DAI corresponds to HP HARQ-ACK only.
Multiplexing details
This section discusses additional considerations applicable to specific scenarios.
Multiplexing high-priority SR in PUSCH
To multiplex high-priority SR in PUSCH (if agreed to be supported) one can consider several options. One option could be to always reserve resources (rate-matching PUSCH) for an overlapping SR regardless of whether SR is negative or positive. To avoid consuming resources for the majority of cases where SR is negative, one could instead puncture PUSCH with (encoded) SR when it is positive only. This may require a larger fraction of PUSCH resources than the first option for a given level of reliability but may be acceptable if SR is negative in most cases. Another possibility is to signal SR by modifying the DMRS sequence of the PUSCH. This solution is relatively simple and is likely to have limited negative impact on PUSCH performance.
RAN1 agreed to support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA. In case the UE supports this functionality and transmits PUSCH on SCell, transmitting the SR on PUCCH could be an attractive solution.
Proposal 19: Support multiplexing of high-priority SR in PUSCH by selection of DMRS sequence in PUSCH.
Conclusion.
This contribution proposed the following:
Proposal 1: Support multiplexing for following additional scenarios:
· High-priority SR in a low-priority PUSCH (UL-SCH only)
· High-priority SR and HARQ-ACK in a low-priority PUSCH (UL-SCH only)
· High-priority SR in a low-priority PUSCH (UL-SCH + low-priority HARQ-ACK and/or CSI)
· High-priority SR and HARQ-ACK in a low-priority PUSCH (UL-SCH + low-priority HARQ-ACK/CSI)

Proposal 2: DCI indicating HP HARQ-ACK also indicates if UE multiplexes HP HARQ-ACK with LP HARQ-ACK.
Proposal 3: RRC configuration of SPS with HP HARQ-ACK includes an indication of whether the UE can multiplex HP HARQ-ACK with LP HARQ-ACK.
Proposal 4: RRC configuration of a HP SR resource includes an indication of whether the UE can multiplex HP SR with LP HARQ-ACK.
Proposal 5: DCI indicating HP HARQ-ACK also indicates the PUCCH resource for multiplexing HP HARQ-ACK and LP HARQ-ACK.
Proposal 6: The PUCCH resource for multiplexing HP HARQ-ACK and LP HARQ-ACK is from the PUCCH configuration for HP HARQ-ACK (for any total number of LP and HP bits).
Observation 1: Separate coding provides significant gain over joint coding in typical scenarios when the number of LP bits is larger than the number of HP bits (e.g. 4.8 dB for 8 HP/48 LP).
Proposal 7: At least separate coding is supported when multiplexing LP and HP bits in PUCCH.
Proposal 8: Support joint encoding of HP bits with a subset of LP bits when the number of HP bits is 1 or 2. FFS additional conditions.
Proposal 9: Support joint encoding of LP bits with HP bits when the number of LP bits is 1 or 2.
Proposal 10: DCI indicating HP HARQ-ACK includes an indication of the DAI of LP HARQ-ACK.
Proposal 11: Support separate configuration of beta_offset parameters for the following cases:
· LP HARQ-ACK multiplexed in LP PUSCH
· LP HARQ-ACK multiplexed in HP PUSCH
· HP HARQ-ACK multiplexed in LP PUSCH
· HP HARQ-ACK multiplexed in HP PUSCH
Proposal 12: DCI format 0_1 and 0_2 can be configured with two beta_offset indicator fields, where one is applicable to LP HARQ-ACK and the other to HP HARQ-ACK.
Proposal 13: DCI scheduling HP PUSCH indicates if UE multiplexes LP HARQ-ACK in HP PUSCH.
Proposal 14: DCI indicating HP HARQ-ACK also indicates if UE multiplexes HP HARQ-ACK in LP PUSCH.
Proposal 15: A beta_offset indicator field set to 0 indicates that UE disables multiplexing of LP HARQ-ACK in HP PUSCH.
Proposal 16: RRC configuration for each HP CG configuration includes an indication of whether the UE can multiplex LP HARQ-ACK in corresponding HP PUSCH.
Proposal 17: RRC configuration of SPS with HP HARQ-ACK includes an indication of whether the UE can multiplex HP HARQ-ACK in LP PUSCH.
Proposal 18: DCI scheduling PUSCH includes a single DAI value. In case both LP and HP HARQ-ACK are multiplexed in PUSCH, the DAI corresponds to HP HARQ-ACK only.
Proposal 19: Support multiplexing of high-priority SR in PUSCH by selection of DMRS sequence in PUSCH.
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Appendix A 	Coding performance (PUCCH format 3)
This section shows the results of link-level simulations aiming at comparing the performance of joint versus separate encoding of HP and LP bits on PUCCH format 3 for different payloads, RE allocations and channels. The simulation parameters are shown below.
Table 1. Link-level simulation parameters
	Payloads
	4 HP/16 LP
10 HP/10 LP
12 HP/8 LP
12 HP/12 LP
8 HP/48 LP
12 HP/44 LP

	% of RE allocation for HP (separate encoding)
	50%, 70%, 90.1%

	PUCCH
	Format 3
16 RB, 4 symbols

	Channels
	TDL-30A3
TDL-300C3



The following Figures show example results for 8HP/48LP and TDL-30A3.
[image: ]
Figure 1. Performance with separate coding of 8 HP and 48 LP bits for different RE allocations.
[image: ]
Figure 2. Performance with joint coding (payload of 20, 24 or 56 bits).
The following Tables show the required SNR (in dB) to meet indicated performance target for LP and HP bits for different combinations of payloads (upper left corner), channels (first column), performance targets (upper row), and percentages of REs allocated to HP coded bits in case of separate encoding (second column). 
· HP and LP columns indicate required SNR for HP and LP to meet their respective targets. 
· Joint column indicate required SNR to meet HP target in case of joint encoding. 
· The numbers indicated under Gain column indicate the difference in required SNR between joint encoding and separate encoding to meet all targets, i.e. the difference between “Joint” and maximum of “HP” and “LP” (positive indicates lower SNR required for separate encoding). 
· BLER is the probability that at least one bit is in error. The maximum gain across percentages of REs for a given scenario is highlighted and in bold.

Table 1. Required SNR for separate vs joint coding.
	4HP/16LP
	% HP RE
	BLER: LP 10-2, HP 10-4
	BLER: LP 10-3, HP 10-5

	
	
	HP
	LP
	Joint
	Gain
	HP
	LP
	Joint
	Gain

	TDL30-A3
	90.1
	-4.8
	2.8
	0.9
	-1.9
	-2.6
	6.3
	3
	-3.3

	
	70.0
	-4.1
	-1.8
	
	2.7
	-1.8
	1.5
	
	1.5

	
	50.0
	-3.3
	-3.8
	
	4.2
	-0.6
	-0.5
	
	3.5

	TDL300-C3
	90.1
	-8.8
	0.9
	-3.9
	-4.8
	-7
	3.5
	-2.5
	-6

	
	70.0
	-8.2
	-4.2
	
	0.3
	-6.4
	-1.9
	
	-0.6

	
	50.0
	-7.2
	-6.2
	
	2.3
	-5.7
	-3.9
	
	1.4


	
	10HP/10LP
	% HP RE
	BLER: LP 10-2, HP 10-4
	BLER: LP 10-3, HP 10-5

	
	
	HP
	LP
	Joint
	Gain
	HP
	LP
	Joint
	Gain

	TDL30-A3
	90.1
	-2.3
	-0.5
	0.9
	1.4
	-0.2
	3
	3
	0

	
	70.0
	-1.7
	-5
	
	2.6
	0.5
	-1.7
	
	2.5

	
	50.0
	-0.7
	-6.9
	
	1.6
	1.9
	-3.6
	
	1.1

	TDL300-C3
	90.1
	-6.7
	-2.6
	-3.9
	-1.3
	-5.3
	0
	-2.5
	-2.5

	
	70.0
	-5.9
	-7.3
	
	2
	-4.6
	-4.9
	
	2.1

	
	50.0
	-4.9
	-9.2
	
	1
	-3.5
	-6.8
	
	1



	12HP/8LP
	% HP RE
	BLER: LP 10-2, HP 10-4
	BLER: LP 10-3, HP 10-5

	
	
	HP
	LP
	Joint
	Gain
	HP
	LP
	Joint
	Gain

	TDL30-A3
	90.1
	-0.3
	-1.5
	0.9
	1.2
	2.1
	2
	3
	0.9

	
	70.0
	0.4
	-5.8
	
	0.5
	2.3
	-2.4
	
	0.7

	
	50.0
	1.5
	-7.7
	
	-0.6
	4
	-4.3
	
	-1

	TDL300-C3
	90.1
	-4.7
	-3.6
	-3.9
	-0.3
	-3
	-0.9
	-2.5
	-1.6

	
	70.0
	-3.9
	-8
	
	0
	-2.6
	-5.6
	
	0.1

	
	50.0
	-2.8
	-9.9
	
	-1.1
	-1.2
	-7.5
	
	-1.3



	12HP/12LP
	% HP RE
	BLER: LP 10-2, HP 10-4
	BLER: LP 10-3, HP 10-5

	
	
	HP
	LP
	Joint
	Gain
	HP
	LP
	Joint
	Gain

	TDL30-A3
	90.1
	-0.3
	2
	1.1
	-0.9
	2
	5.4
	3.4
	-2

	
	70.0
	0.5
	-2.7
	
	0.6
	3.1
	0.6
	
	0.3

	
	50.0
	1.7
	-4.5
	
	-0.6
	3.8
	-1.2
	
	-0.4

	TDL300-C3
	90.1
	-4.9
	0
	-3.5
	-3.5
	-3.3
	2.5
	-1.7
	-4.2

	
	70.0
	-4
	-5
	
	0.5
	-2.2
	-2.8
	
	0.5

	
	50.0
	-2.8
	-6.9
	
	-0.7
	-0.9
	-4.7
	
	-0.8




	8HP/48LP
	% HP RE
	BLER: LP 10-2, HP 10-4
	BLER: LP 10-3, HP 10-5

	
	
	HP
	LP
	Joint
	Gain
	HP
	LP
	Joint
	Gain

	TDL30-A3
	90.1
	-2.6
	8.1
	4.3
	-3.8
	1.2
	11.7
	8
	-3.7

	
	70.0
	-1.8
	2.2
	
	2.1
	2.2
	5.6
	
	2.4

	
	50.0
	-1
	-0.1
	
	4.4
	2.9
	3.2
	
	4.8

	TDL300-C3
	90.1
	-7
	6.6
	-0.8
	-7.4
	-5.5
	9.4
	1.1
	-8.3

	
	70.0
	-6.4
	0
	
	-0.8
	-4.7
	2.5
	
	-1.4

	
	50.0
	-5.4
	-2.5
	
	1.7
	-3.7
	-0.2
	
	1.3



	12HP/44LP
	% HP RE
	BLER: LP 10-2, HP 10-4
	BLER: LP 10-3, HP 10-5

	
	
	HP
	LP
	Joint
	Gain
	HP
	LP
	Joint
	Gain

	TDL30-A3
	90.1
	0.4
	7.6
	4.3
	-3.3
	3.9
	11.2
	8
	-3.2

	
	70.0
	1.1
	1.9
	
	2.4
	5.2
	5.2
	
	2.8

	
	50.0
	2.2
	-0.4
	
	2.1
	5.8
	2.9
	
	2.2

	TDL300-C3
	90.1
	-4.5
	6.1
	-0.8
	-6.9
	-2.8
	9
	1.1
	-7.9

	
	70.0
	-3.8
	-0.4
	
	-0.4
	-1.7
	2.1
	
	-1

	
	50.0
	-2.6
	-2.9
	
	1.8
	-1.1
	-0.5
	
	1.6




Appendix B	Previous agreements
Agreements from RAN1#104-e
R1-2101842
Agreements:
For multiplexing a high-priority (HP) HARQ-ACK and a low-priority (LP) HARQ-ACK into a PUCCH in R17, 
· Use a PUCCH resource in the second PUCCH-Config (the PUCCH-config containing the PUCCH resource of the HP HARQ-ACK) at least in case the total number of LP and HP HARQ-ACK bits is more than 2.
· FFS: The PUCCH resource is configured dedicated for multiplexing of HP HARQ-ACK and LP HARQ-ACK.
· FFS in case the total number of LP and HP HARQ-ACK bits is 2.
· FFS details
 
Working assumption:
Reuse Rel-15 intra-UE PUCCH/PUSCH multiplexing timeline requirements for Rel-17 intra-UE PUCCH/PUSCH multiplexing with different priorities
· FFS whether or not to specify a different behavior than Rel-15 when the timeline requirements are not met  
 
Agreements:
For multiplexing LP HARQ-ACK in a HP PUSCH, support 0< beta-offset <1.
· FFS value(s)
· FFS to additionally support beta-offset =0 or a value disabling the multiplexing
· Aim to NOT increase the corresponding bitwidth in the DCI (compared to Rel-16)

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

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


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

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

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

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

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

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

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

Email summary in R1-2009546

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

Removed text related to CG/DG prioritization in R16 specification

From TS38.213 v16.1.0, section 9
	-  […]
-	a first PUSCH of larger priority index on a serving cell, a second PUSCH of smaller priority index on the serving cell, and a transmission of the first PUSCH would overlap in time with a transmission of the second PUSCH, the UE does not transmit the second PUSCH, where at least one of the two PUSCH is not scheduled by a DCI format
[…]



From TS38.214 v16.1.0, section 6.1
	[…]
[If [a UE reports the capability of intra-UE prioritization], and if a PUSCH corresponding to a configured grant and a PUSCH scheduled by a PDCCH on a serving cell are partially or fully overlapping in time,
-	If the PUSCH corresponding to the configured grant has priority in configuredGrantConfig set to 1 (i.e., high priority), and the PUSCH scheduled by the PDCCH is indicated as low priority by having the [priority indicator] field in the scheduling DCI set to 0 or by not having the [priority indicator] field present in the scheduling DCI, the UE is expected to transmit the PUSCH corresponding to the configured grant, and cancel the PUSCH transmission scheduled by the PDCCH at latest starting at the first symbol of the PUSCH corresponding to the configured grant.
-	Otherwise, the UE shall cancel the PUSCH transmission corresponding to the configured grant at latest starting M symbols after the end of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, and transmit the PUSCH scheduled by the PDCCH, where
-	M = Tproc,2 +d1, where Tproc,2 is given by clause 6.4 for the corresponding PUSCH timing capability assuming d2,1 = 0 and d1 is determined by the reported UE capability [XXXXX],
-	In this case, the UE is not expected to be scheduled for the PUSCH by the PDCCH where the PUSCH starts earlier than N symbols after the end of the last symbol of the PDCCH, where
-	N = Tproc,2 + d2, where Tproc,2 is the PUSCH preparation time of the PUSCH scheduled by the PDCCH using the associated PUSCH timing capability according to clause 6.4 and d2 is determined by the reported UE capability [YYYYY].
-	In case of PUSCH repetitions, the overlapping handling is performed for each PUSCH repetition separately.
-	The UE is not expected to be scheduled for another PUSCH by a PDCCH where this PUSCH starts no earlier than the end of the prioritized transmitted PUSCH and before the end of the time domain allocation of the cancelled PUSCH.]
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