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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]. In RAN1#102-e, RAN1 agreed on the following (see Appendix for details):
· Support multiplexing of low-priority and high-priority transmissions for a set of scenarios.
· Support PHY prioritization for the case where low-priority dynamically scheduled PUSCH collides with high-priority configured grant PUSCH.
· Support simultaneous PUCCH/PUSCH transmissions on different cells at least for inter-band CA.
This contribution proposes to agree on the following:
· An additional set of scenarios for multiplexing;
· Multiplexing conditions for these scenarios and for already agreed scenarios;
· Multiplexing details applicable to multiplexing scenarios on PUSCH;
· Cancellation behaviour for the case of DG PUSCH overlapping with CG PUSCH.
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)
Conditions for multiplexing
For multiplexing transmissions of different priorities, a few basic requirements must be met related to:
a) Timeline requirement for multiplexing;
b) Latency of high-priority transmission;
c) Robustness of high-priority transmission.
In RAN1#102-e, RAN1 identified some examples of conditions for multiplexing for further study. These include timeline requirements, whether resources need to be confined within a sub-slot (for PUCCH) or whether multiplexing can occur for the case of overlap between more than 2 resources.
TS38.213 section 9.2.5 specifies timeline requirements applicable to multiplexing. Such requirements should still be applicable as necessary conditions for multiplexing transmissions with different priority levels. Otherwise, the low priority transmission is cancelled as in R16.
Proposal 2: A necessary condition for the UE to multiplex PUCCH and/or PUSCH transmissions of different priorities is that timeline conditions specified in TS38.213 section 9.2.5 are met.
A second requirement is to avoid any increase of latency for the high-priority transmission caused by multiplexing. To ensure this, a simple condition could be that the last symbol of the resource onto which multiplexing takes place is not later than the last symbol of the resource of a high-priority transmission. Such condition can be generally applicable to all multiplexing scenarios, whether the resource is PUCCH or PUSCH. Thus, there may be no need to specify any specific condition related to sub-slot configuration for PUCCH.
Proposal 3: A necessary condition for the UE to multiplex PUCCH and/or PUSCH transmissions of different priorities is that the last symbol of the resource onto which multiplexing takes place is not later than the last symbol of the resource of a high-priority transmission.
Finally, the multiplexing must not compromise the reliability of the high-priority transmission. Such reliability could be impacted by different factors depending on the type of resource used for multiplexing:
In case of multiplexing on PUCCH, reliability may be impacted by:
· Power control configuration. The multiplexing should take place over the high-priority PUCCH resource, since such resource should be part of a PUCCH configuration that has the proper power control configuration.
· When the transmission power requirement exceeds the maximum configured transmit power.
· When the code rate exceeds a limit (e.g. given the maximum number of PRBs of the PUCCH resource)
In case of multiplexing on PUSCH, reliability may be impacted by:
· Beta (alpha) factors configuration, which controls relative reliability between UCI and data.
· When the number of modulated symbols Q’ for the high-priority UCI on PUSCH reaches a maximum (e.g. set by alpha parameters).
The above observations lead to the following proposals:
Proposal 4: For multiplexing PUCCH transmissions of different priorities:
· Multiplexing is over a high-priority PUCCH resource;
· Multiplexing can only occur if a maximum code rate applicable to high-priority UCI is not exceeded

Proposal 5: For multiplexing UCI of high-priority over PUSCH transmission of low-priority:
· Multiplexing can only occur if the number of modulated symbols Q’ for the high-priority UCI is below the limit set by alpha parameters.

Multiplexing details
This section discusses additional considerations applicable to specific scenarios.
Multiplexing low-priority and high-priority HARQ-ACK in PUSCH
In two already agreed scenarios, the UE can multiplex both low-priority and high-priority HARQ-ACK in a PUSCH. As identified in RAN1#102-e, one design aspect to investigate is whether the HARQ-ACK is jointly encoded or separately encoded. The former approach may maximize coding gain, while the latter approach allows for differentiated reliability. At least when the HARQ-ACK payloads are relatively small, joint encoding may result in better performance. Separate encoding could be considered for higher payloads of HARQ-ACK.
Another aspect to consider is protection against PDCCH mis-detection in case of a single DL assignment. In R15, when HARQ-ACK includes up to 2 bits, the UE punctures PUSCH (instead of rate-matching) so that the PUSCH remains decodable if the UE misses the single DL assignment. This solution may not be sufficient in case the UE can multiplex HARQ-ACK of two different codebooks in a PUSCH. If the network transmits a single DL assignment for one HARQ-ACK codebook and the UE misses that assignment, the (total) HARQ-ACK payload the UE assumes may be wrong even if the UE correctly receives DL assignment(s) for another HARQ-ACK codebook. It should be investigated how to maintain decodability of PUSCH in that scenario, e.g. by encoding a minimum number of HARQ-ACK bits for each codebook, by separately encoding in some cases or including a total DAI per codebook in the DCI scheduling PUSCH as in NR-U.
Proposal 6: For the scenario of low-priority and high-priority HARQ-ACK multiplexed in PUSCH, RAN1 supports solution that allows for PUSCH decodability if one HARQ-ACK codebook has less than 2 bits and the UE misses the corresponding DL assignment.
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 7: Support multiplexing of high-priority SR in PUSCH by selection of DMRS sequence in PUSCH.
Overlapping DG PUSCH and CG PUSCH
Physical layer handling of overlapping dynamic grant PUSCH and configured grant PUSCH was in scope of the R16 WI but not included in R16 specifications following discussions in RAN1#102-e and RAN#88-e. RAN agreed to update the R17 WI to include the specification of this functionality (objective 3b) taking the R16 solution as baseline [3]. This functionality has been taken into account by RAN2 work on intra-UE prioritization, including handling of a deprioritized PDU due to intra-UE preemption already in place in Rel-16 specs of TS 38.321.
RAN1 agreed to support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH in RAN1#102-e. In accordance with the WI description, it is proposed to also support the case where high-priority DG-PUSCH collides with low-priority CG-PUSCH.
Proposal 8: Support PHY prioritization for the case where high-priority DG-PUSCH collides with low-priority CG-PUSCH.
The text specifying that the UE does not transmit PUSCH of lower priority should be in 38.213 section 9 (as in the March version, copied in Appendix). In the March version of 38.214 section 6.1 (also copied in Appendix), there is text between square brackets addressing the overlap between DG PUSCH and CG PUSCH. This text specified a minimum delay that the UE can expect between the DCI and the DG PUSCH, and also the latest time at which the UE drops the CG PUSCH.
Proposal 9: When DG PUSCH of higher priority overlaps with CG PUSCH of lower priority, the UE does not expect a DG PUSCH of higher priority to start earlier than Tproc,2 + d2 symbols after the end of the last symbol of the PDCCH. 
The value of d2 could be dependent on UE capability. For the latest time at which the UE drops the CG PUSCH, instead of formulating a requirement as a function of Tproc,2 it may be more straightforward to specify that the UE cancels the CG PUSCH before the first symbol overlapping with the DG PUSCH. The same approach was adopted for cases involving PUCCH as specified in 38.213.
Proposal 10: When DG PUSCH of higher priority overlaps with CG PUSCH of lower priority, the UE cancels the transmission of the CG PUSCH before the first symbol overlapping with the DG PUSCH transmission.
The same requirement is also applicable to the case of CG PUSCH of higher priority overlapping with DG PUSCH of lower priority.
Proposal 11: When CG PUSCH of higher priority overlaps with DG PUSCH of lower priority, the UE cancels the transmission of the DG PUSCH before the first symbol overlapping with the CG PUSCH transmission.
Conclusion.
This contribution proposed to agree on an additional set of scenarios for multiplexing, multiplexing conditions for such scenarios and already agreed scenarios, multiplexing details applicable to multiplexing scenarios on PUSCH and cancellation behaviour for the case of DG PUSCH overlapping with CG PUSCH. The proposals are as follows:
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: A necessary condition for the UE to multiplex PUCCH and/or PUSCH transmissions of different priorities is that timeline conditions specified in TS38.213 section 9.2.5 are met.
Proposal 3: A necessary condition for the UE to multiplex PUCCH and/or PUSCH transmissions of different priorities is that the last symbol of the resource onto which multiplexing takes place is not later than the last symbol of the resource of a high-priority transmission.
Proposal 4: For multiplexing PUCCH transmissions of different priorities:
· Multiplexing is over a high-priority PUCCH resource;
· Multiplexing can only occur if a maximum code rate applicable to high-priority UCI is not exceeded
Proposal 5: For multiplexing UCI of high-priority over PUSCH transmission of low-priority:
· Multiplexing can only occur if the number of modulated symbols Q’ for the high-priority UCI is below the limit set by alpha parameters.
Proposal 6: For the scenario of low-priority and high-priority HARQ-ACK multiplexed in PUSCH, RAN1 supports solution that allows for PUSCH decodability if one HARQ-ACK codebook has less than 2 bits and the UE misses the corresponding DL assignment.
Proposal 7: Support multiplexing of high-priority SR in PUSCH by selection of DMRS sequence in PUSCH.
Proposal 8: Support PHY prioritization for the case where high-priority DG-PUSCH collides with low-priority CG-PUSCH.
Proposal 9: When DG PUSCH of higher priority overlaps with CG PUSCH of lower priority, the UE does not expect a DG PUSCH of higher priority to start earlier than Tproc,2 + d2 symbols after the end of the last symbol of the PDCCH. 
Proposal 10: When DG PUSCH of higher priority overlaps with CG PUSCH of lower priority, the UE cancels the transmission of the CG PUSCH before the first symbol overlapping with the DG PUSCH transmission.
Proposal 11: When CG PUSCH of higher priority overlaps with DG PUSCH of lower priority, the UE cancels the transmission of the DG PUSCH before the first symbol overlapping with the CG PUSCH transmission.
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Appendix
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.]



