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1	Introduction
For Rel-16 intra-UE multiplexing/prioritization, extensive discussion has been carried out in RAN1. In this contribution, we discuss the remaining issues related to intra-UE multiplexing and prioritization for Rel-16 URLLC, when there are two physical layer priorities, and Rel-16 UL skipping is enabled.

2	Rel-16 UL skipping and LCH-based Prioritization
2.1	Scenarios
Considering Rel-15 UL skipping, Rel-16 UL skipping, LCH-based prioritization, the following cases are summarized in the table below. For UL skipping, the relevant RRC parameters to disable or enable the feature are:
· Rel-15 UL skipping: RRC parameter SkipUplinkTxDynamic;
· Rel-16 UL skipping: two RRC parameters enhancedSkipUplinkTxDynamic, and enhancedSkipUplinkTxConfigured

Table 1. Possible combinations of Rel-15/16 UL skipping, LCH-based prioritization, single- and two- PHY priorities
	Scenario
	Rel-15 UL skipping
	[bookmark: _Hlk73693603]Rel-16 UL skipping 
	LCH-based prioritization
	MAC, PHY processing
Single- or Two- PHY priorities for UL transmission

	(A)
	False
	False
	False
	DG always receive a PDU from MAC. CG may or may not receive a PDU from MAC. In MAC, DG always overrides CG. 
PHY procedure exists for both single- and two- PHY priority.

	(B)
	True

	False

	False

	If Rel-15: This is considered a broken feature if DG PUSCH overlap with PUCCH. 38.214 describes ‘undefined UE behavior’: 
Rel-15 spec text in 38.213 V15.13.0: “A UE shall upon detection of a DCI format scheduling a PUSCH transmit the corresponding PUSCH unless the UE does not generate a transport block as described in [10, TS38.321] and there is no PUCCH with CSI/HARQ-ACK that overlaps in time with the PUSCH. In this release of the specification, the UE behavior is undefined if there would be a PUCCH with CSI/HARQ-ACK overlapping in time with a PUSCH scheduled by a DCI format and if the UE does not generate a transport block as described in [10, TS38.321] when skipUplinkTxDynamic provided by higher layers is set to true. Upon detection of a DCI …”

If no PUSCH overlapping with PUCCH, the same procedure as Rel-16. That is: 
· In MAC, DG always overrides CG. The DG may or may not receive a PDU from MAC depending on buffer status. 
· PHY procedure takes into account only grants with MAC PDU. PHY procedure handles PUCCH and PUSCH of single PHY priority.


	
	
	
	
	If Rel-16: The specification has no undefined UE behavior. 
Rel-16 spec text in 38.214v16.6.0: “A UE shall upon detection of a PDCCH with a configured DCI format 0_0, 0_1 or 0_2 transmit the corresponding PUSCH as indicated by that DCI unless the UE does not generate a transport block as described in [10, TS38.321]. Upon detection of a DCI …”

· In MAC, DG always overrides CG. The DG may or may not receive a PDU from MAC depending on buffer status. 
· PHY procedure takes into account only grants with MAC PDU. PHY procedure exists for both single- and two- PHY priority.


	(C)
	True/
False
	True
	False
	· If single PHY priority, RAN1 Rel-16 maintenance agreements under AI 7.1 apply. The principle is, no blind decoding of PUSCH+UCI multiplexing at gNB.
· If two PHY priority, in MAC DG overrides CG always regardless of PHY priority. MAC may or may or generate a TB for the DG in the end, depending on buffer status. Physical layer procedure needs to be clarified for  PUCCH/PUSCH multiplexing. The same principle as single-PHY priority should apply: no blind decoding of PUSCH+UCI multiplexing at gNB. After MAC decision, PHY multiplexing/prioritization procedure is applied between two PHY priority.


	(D)
	True/
False
	False
	True
	PHY outcome depends on MAC decisions. PHY performs prioritization/multiplexing based on MAC decision on SR, DG, CG. 

In terms of blind decoding:  There is always a need for gNB to perform blind decoding on PUSCH regardless of single- or two- PHY priority, since the MAC may skip PDU for CG or DG, if there is no data for the grant or the grant has a lower LCH-based priority than the overlapping PUSCHs.





In RAN1#107e, the following agreement and conclusion were achieved. Thus only the procedure for (C) with two physical layer priorities are not clear. This scenario is discussed in details in the next sub-section.

	Agreement
In response to RAN2 LSs (R1-2106409, R1-2110755), the following RAN1 responses are agreed.
· RAN1 confirms RAN2’s following working assumption.
· When lch-BasedPrioritization is not configured and Rel-16 CG/DG PUSCH skipping is enabled, DG always overrides CG.
· RAN1 cannot confirm RAN2’s WA on LCH based prio has higher priority than UL skipping, and RAN1 inform RAN2 that when lch-basedPrioritization is configured, Rel-16 UL skipping cannot be enabled in Rel-16.
· RAN1 confirms that the following intended UE behavior can be supported:
· Given the understanding in RAN1 that when lch-basedPrioritization is configured and Rel-16 UL skipping cannot be enabled in Rel-16, for the case of overlapping PUSCH and SR with equal L1 priority and MAC has not yet delivered MAC PDU for the PUSCH to PHY, if SR is prioritized in MAC, MAC shall not deliver the MAC PDU for the PUSCH and shall instruct PHY for SR transmission.
LS is endorsed in R1-2112862.

Conclusion
In the Rel-16 multiplexing/prioritization procedures described in TS 38.213 section 9, the UE is expected to apply the procedures to the PUSCH(s) for which a transport block is delivered by MAC, while the PUSCH(s) for which a transport block is not delivered is ignored.




2.2	Intra-UE multiplexing/prioritization procedure for two PHY priorities when Rel-16 UL skipping is enabled
When Rel-16 UL skipping is enabled, lch-basedPrioritization is not configured, the intra-UE multiplexing/prioritization procedure has been defined if there is only a single PHY priority for UL transmission, see Appendix. However, if there are two PHY priorities for UL transmission, the procedure is not yet defined. 

Due to the enabled UL skipping, MAC may or may not generate a TB for the DG in the end, depending on buffer status. In terms of PUSCH+UCI multiplexing, we propose that for a given PHY priority, the same procedure agreed for single PHY priority applies, i.e., apply the RAN1 Rel-16 maintenance agreements made under AI 7.1. Thus, MAC generates a PDU for a PUSCH which is expected to multiplex with UCI of same priority, without considering PUSCH/PUCCH of the other priority. This achieves the same principle, where no blind decoding of PUSCH+UCI multiplexing is expected at gNB. 
If there is collision between a lower PHY priority (LP) PUSCH and a higher PHY priority (HP) PUCCH or PUSCH, then the LP PUSCH is dropped by the PHY procedure. Thus the LP PUSCH does not received a MAC PDU, and does not participate in the PHY procedure. 
In summary, the following steps are followed:
· Step (1). For each serving cell, if there is a LP PUSCH that overlaps with a HP PUCCH or a HP PUSCH, the LP PUSCH is dropped;
· Step (2). For a given PHY priority, the same procedure agreed for single PHY priority is applied, so that MAC generates a PDU for a PUSCH which is expected to multiplex with UCI of same priority;
Note that the LP PUSCH dropped (if any) in Step 1 do not participate in Step (2). With the above procedure, the status of PUSCH+UCI multiplexing is known to both UE and gNB for both PHY priorities. Thus the goal of deterministic behavior is achieved. No blind decoding of PUSCH+UCI multiplexing is expected at gNB.

[bookmark: _Toc95740315]For two physical layer priorities, when Rel-16 UL skipping is enabled and lch-basedPrioritization is not configured: Step (1).  For each serving cell, if there is a LP PUSCH that overlaps with a HP PUCCH or a HP PUSCH, the LP PUSCH is dropped; Step (2). For a given PHY priority, the same procedure agreed for single PHY priority applies so that MAC generates a PDU for a PUSCH which is expected to multiplex with UCI of same priority. 

This is illustrated in the example below. CG PUSCH #1 (HP) is expected to have UCI multiplexing with PUCCH (HP), thus MAC will generate a PDU for CG PUSCH #1 (HP). Similarly, MAC would generate a PDU for DG PUSCH #1 (LP) as well, if DG PUSCH #1 does not overlap with a HP channel. However, considering that DG PUSCH #1 (LP) overlaps with a HP channel (i.e., CG PUSCH #1) in the example, DG PUSCH #1 (LP) does not receive a TB, and is omitted in the PHY multiplexing/prioritization procedure. The MAC is required to generate a PDU for DG PUSCH #2 (LP), and the LP UCI is multiplexed onto it.

[image: ]
Figure 1. When Rel-16 UL skipping is enabled, lch-basedPrioritization is not configured, adopt a deterministic behavior to avoid blind decoding of PUSCH+UCI at gNB, when there are two PHY priorities.

Note that the Rel-16 UL skipping procedure for single PHY priority has been defined for the case where PUSCH repetition (both type A and type B) is not enabled, see conclusion below. 
Conclusion (RAN1#105e)
UE is not expected that Rel-16 PUSCH skipping (including both enhancedSkipUplinkTxDynamic-r16 and enhancedSkipUplinkTxConfigured-r16) and PUSCH repetitions (including both type A and type B) are enabled together when Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions.

For simplicity, similar conclusion can be drawn for the case of two PHY priorities.
 
[bookmark: _Toc95740316]The UE does not expect that Rel-16 PUSCH skipping (including both enhancedSkipUplinkTxDynamic-r16 and enhancedSkipUplinkTxConfigured-r16) and PUSCH repetitions (including both type A and type B) are enabled together when Rel-16 LCH based prioritization is not configured and there are two PHY priorities for UL transmissions.
3	Conclusion

Based on the discussion in the previous sections we propose the following:
Proposal 1	For two physical layer priorities, when Rel-16 UL skipping is enabled and lch-basedPrioritization is not configured: Step (1).  For each serving cell, if there is a LP PUSCH that overlaps with a HP PUCCH or a HP PUSCH, the LP PUSCH is dropped; Step (2). For a given PHY priority, the same procedure agreed for single PHY priority applies so that MAC generates a PDU for a PUSCH which is expected to multiplex with UCI of same priority.
Proposal 2	The UE does not expect that Rel-16 PUSCH skipping (including both enhancedSkipUplinkTxDynamic-r16 and enhancedSkipUplinkTxConfigured-r16) and PUSCH repetitions (including both type A and type B) are enabled together when Rel-16 LCH based prioritization is not configured and there are two PHY priorities for UL transmissions.
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Appendix. AI 7.1 Agreements for Rel-16 UL skipping when single PHY priority
RAN1#103e

Agreement
Send an LS to RAN2 to convey the above RAN1 agreement, conclusion, and working assumption on PUSCH skipping (Rel-16). The LS is endorsed in R1-2009772.
	1. Overall Description:
In RAN1 #103-e meeting, RAN1 discussed the PUSCH skipping with UCI for dynamic grant and configured grant. On the case of dynamic grant, RAN1 agreed a new CR (R1-2009687) with correct spec version, which is a revision of the CR (R1-2007337) endorsed in RAN1 #102-e meeting. RAN1 expects RAN2 to agree the corresponding RAN2 CR so that both the RAN1 and RAN2 CRs can be submitted to RAN plenary together for final approval.
The discussions on PUSCH skipping with UCI in RAN1, including the agreements made for DG PUSCH in RAN1#102-e, were based on the assumptions where LCH based prioritization is not configured and there is a single PHY priority for UL transmission.
RAN1 discussed the following cases considering both PUSCH skipping with UCI for dynamic grant and configured grant. The examples are provided in the figures for each case in case of a single carrier.
· Case 1-2: only one or more CG PUSCHs overlapping with PUCCH
· Case 1-3: DG PUSCH and CG PUSCH are overlapping and both DG/CG PUSCH are overlapping with PUCCH
· Case 1-4: DG PUSCH and CG PUSCH are overlapping and DG PUSCH is overlapping with PUCCH, and CG PUSCH is non-overlapping with the PUCCH
· Case 1-5: DG PUSCH and CG PUSCH are non-overlapping and both DG/CG PUSCH are overlapping with PUCCH
· Case 1-6: DG PUSCH and CG PUSCH are overlapping and CG PUSCH is overlapping with PUCCH, and DG PUSCH is non-overlapping with the PUCCH
	

	


	Case 1-2
	Case 1-3

	

	


	Case 1-4
	Case 1-5

	


	Case 1-6



For Case 1-2 of only one or more CG PUSCHs overlapping with PUCCH, RAN1 discussed the behavior of PUSCH skipping with UCI for configured grant in Rel-16 and made the following agreement.
	Agreement:
For the case (Case 1-2) where only one or more CG PUSCHs overlapping with PUCCH
· In Rel.16, for CA and non-CA case, when Rel-16 LCH based prioritization is not configured and there is a single PHY priority for  UL transmissions, and when PUSCH repetition is not applied, in case of one or more CG PUSCHs overlapping with UCI and there is no DG PUSCH overlapping with the UCI and there is no DG PUSCH overlapping with the one or more CG PUSCHs, the CG PUSCH with UCI multiplexing from the one or more CG PUSCHs cannot be skipped.  MAC generates MAC PDU for the CG PUSCH and delivers the MAC PDU to PHY and the UCI is multiplexed on the CG PUSCH. 




For Case 1-3/1-4/1-5, RAN1 has common understading and following conclusion is drawn in RAN1 
	Conclusion
For the following cases, for CA and non-CA, when DG PUSCH skipping is configured and Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions, MAC generates MAC PDU for the DG PUSCH and the UCI is multiplexed on the DG PUSCH. For the case 1-3 and 1-4, MAC does not generate a TB for the CG PUSCH(s) overlapping with the DG PUSCH on the same serving cell.  The GG PUSCH(s) is discarded and does not participate in subsequent physical layer procedure.
· (Case 1-3) DG PUSCH and CG PUSCH are overlapping and both DG/CG PUSCH are overlapping with PUCCH
· (Case 1-4) DG PUSCH and CG PUSCH are overlapping and DG PUSCH is overlapping with PUCCH, and CG PUSCH is non-overlapping with the PUCCH
· (Case 1-5) DG PUSCH and CG PUSCH are non-overlapping and both DG/CG PUSCH are overlapping with PUCCH




For Case 1-6, RAN1 discussed the following options of expected behavior from RAN1 understanding and made the following working assumptions, for which there is difference on UCI multiplexing behavior in PHY [R1-2009774]. RAN1 will continue discussing the expected behavior for Case 1-6 based on these options.
	Working Assumption:
For the case (Case 1-6) when DG PUSCH and CG PUSCH are overlapping on a serving cell and CG PUSCH is overlapping with PUCCH, and DG PUSCH is non-overlapping with the PUCCH
· In Rel.16, for non-CA case, when DG PUSCH skipping is configured and Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions, and when PUSCH repetition is not applied, in case of one or more CG PUSCHs overlapping with UCI and there is DG PUSCH overlapping with the CG PUSCHs on a serving cell and not overlapping with the UCI
· Opt-3:
· If there is data for DG, MAC generates PDU for DG PUSCH
· UCI is transmitted on PUCCH.
· If there is no data for DG, MAC does not generate PDU for DG or CG PUSCH
· UCI is transmitted on PUCCH.
· Opt-4: 
· If there is data for DG, MAC generates PDU for DG PUSCH
· UCI is dropped together with CG PUSCH.
· If there is no data for DG, MAC does not generate PDU for DG or CG PUSCH.
· UCI is dropped together with CG PUSCH.
Note: In RAN1#104-e, aim to resolve case 1-6 using above options as a starting point, other options are not precluded.


In addition, RAN1 noticed that in legacy Rel-15 and Rel-16, for configured grant, skipping UL configured grant if no data to transmit is conditionally mandatory feature. It is RAN1’s understanding that the agreement in RAN1 for case 1-2 will change the UE behavior for CG PUSCH. RAN1 considers it may be necessary to introduce a new capability/signalling to differentiate the new UE behaviour and the legacy UE behaviour. RAN1 will further discuss the capability for case 1-3, 1-4, 1-5, 1-6 where the uplink skipping involving both DG PUSCH and CG PUSCH after the behaviors for these cases are determined.

2. Actions:
RAN1 respectfully asks RAN2 to 
· Take into account the above agreements and update Rel-16 TS 38.321 to support Rel-16 PUSCH skipping
· Resolve the capabability signaling issue for Rel-16 CG PUSCH skipping




RAN1#104e
Agreement
Send an LS to RAN2 to convey the latest RAN1 agreement on PUSCH skipping (Rel-16). LS is endorsed in R1-2102249).

Agreement
For the case (Case 1-6) when DG PUSCH and CG PUSCH are overlapping on a serving cell and CG PUSCH is overlapping with PUCCH, and DG PUSCH is non-overlapping with the PUCCH 
· In Rel-16, when timeline condition is met, for Case 1-6 in non-CA and CA cases, when DG PUSCH skipping is configured and Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions, and when PUSCH repetition is not applied, 
· When one or more CG PUSCH(s) overlap with a PUCCH on a same or different serving cell, a DG PUSCH overlaps with the one or more CG PUSCH(s) on one serving cell and the DG PUSCH does not overlap with the PUCCH, and there is no remaining PUSCH(s) on any serving cell(s) overlapping with the PUCCH, the UCI is transmitted on the PUCCH.
· This is for case 1-6a and 1-6b in Figure 1.
· MAC does not generate PDU for the one or more CG PUSCH(s) 
· If there is data for the DG PUSCH, MAC generates PDU for the DG PUSCH. If there is no data for the DG PUSCH, MAC does not generate PDU for the DG PUSCH 
· When one or more CG PUSCH(s) overlap with a PUCCH on a same or different serving cell, a DG PUSCH overlaps with the one or more CG PUSCH(s) on one serving cell and the DG PUSCH does not overlap with the PUCCH, and there is remaining PUSCH(s) on any serving cell(s) overlapping with the PUCCH, the PUSCH from the remaining PUSCH(s) for UCI multiplexing is determined following the existing UCI multiplexing rules, MAC generates MAC PDU for the PUSCH and delivers the MAC PDU to PHY and the UCI is multiplexed on the PUSCH.
· Note the remaining CG PUSCH(s) are not overlapping with any DG PUSCH on the same serving cell
· This is for case 1-6c in Figure 1.
· MAC does not generate PDU for the one or more CG PUSCH(s) 
· If there is data for the DG PUSCH, MAC generates PDU for the DG PUSCH. If there is no data for the DG PUSCH, MAC does not generate PDU for the DG PUSCH
	

	


	Case 1-6a
	Case 1-6b

	


	Case 1-6c


Figure 1: Case 1-6a/1-6b/1-6c for non-CA and CA case

Conclusion
For Case 1-6 when DG PUSCH and CG PUSCH are overlapping on a serving cell and CG PUSCH is overlapping with PUCCH, and DG PUSCH is non-overlapping with the PUCCH, 
· The time condition is ensured by gNB, i.e. the ending symbol of UL grant for the DG PUSCH should be at least Tmuxproc,2 symbols before the first symbol of the earliest PUCCH or PUSCH among the overlapping group of PUCCH/PUSCH channels.
· RAN1 understands that for Case 1-6 the PUCCH, the CG PUSCH and the DG PUSCH are considered as an overlapping group of PUCCH/PUSCH channels for which the multiplexing timeline needs to be satisfied.
· The overlapping group of PUCCH/PUSCH channels for Case 1-6 is defined in the way such that a PUCCH/PUSCH would be included in a group if it overlaps with any channel in that group, regardless of whether multiplexing between these channels occurs or not.
· FFS whether or not additional spec change is needed

Conclusion
For Case 1-5, i.e. when DG PUSCH and CG PUSCH are non-overlapping and both DG/CG PUSCH are overlapping with PUCCH, PUCCH, CG PUSCH and DG PUSCH are considered as an overlapping group of PUCCH/PUSCH channels.
· No spec change is needed

RAN1#105e
Conclusion
UE is not expected that Rel-16 PUSCH skipping (including both enhancedSkipUplinkTxDynamic-r16 and enhancedSkipUplinkTxConfigured-r16) and PUSCH repetitions (including both type A and type B) are enabled together when Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions.
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