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In RAN#88e, RAN plenary revised a work item on Enhanced IIoT and URLLC support for NR [1] which includes the following objective:
	3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 



This contribution proposes to agree on conditions for multiplexing transmissions of different priorities. The proposed conditions aim at guaranteeing latency and robustness for the high-priority transmission. In addition, the contribution proposes to agree on cancellation behaviour for the case of DG PUSCH overlapping with CG PUSCH.
Multiplexing transmissions of different priorities
During R16, RAN1 discussed collision handling of PUCCH and PUSCH transmissions that have different types and priorities, e.g. in email discussion following RAN1#97 [2]. To ensure timely completion of the WI, RAN agreed on a simple handling in R16 in which the transmission of lower priority is dropped.
For the R17 WI, one objective (3a) is to specify multiplexing behavior for UCI and PUSCH when the transmissions have different priorities. One motivation for supporting this functionality is avoiding loss of spectral efficiency for eMBB traffic when the URLLC traffic load is relatively high. When the UE drops low-priority HARQ-ACK because of a collision with urgent high-priority HARQ-ACK, the network may need to retransmit corresponding PDSCHs. As the URLLC traffic load increases this situation is likely to occur more often.
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.

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 1: A necessary condition for the UE to multiplex 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.
Proposal 2: A necessary condition for the UE to multiplex 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 3: For multiplexing PUCCH transmissions of different priorities:
· Multiplexing is over the high-priority PUCCH resource;
· Multiplexing can only occur if a maximum code rate applicable to high-priority UCI is not exceeded

Proposal 4: 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.
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.
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 5: 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 6: 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 7: 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 conditions for multiplexing transmissions of different priorities, aiming at guaranteeing latency and robustness for the high-priority transmission. In addition, the contribution proposes to agree on cancellation behaviour for the case of DG PUSCH overlapping with CG PUSCH. The following proposals are made:
Proposal 1: A necessary condition for the UE to multiplex transmissions of different priorities is that timeline conditions specified in TS38.213 section 9.2.5 are met.
Proposal 2: A necessary condition for the UE to multiplex 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 3: For multiplexing PUCCH transmissions of different priorities:
· Multiplexing is over the high-priority PUCCH resource;
· Multiplexing can only occur if a maximum code rate applicable to high-priority UCI is not exceeded

Proposal 4: 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 5: 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 6: 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 7: 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
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.]



