Page 1
[bookmark: _Ref494746248]3GPP TSG RAN WG1 Meeting #104-e                                         R1-2100082
e-Meeting, January 25th - February 5th, 2021

Source: 	ZTE
[bookmark: _GoBack]Title: 	Discussion on UL skipping for PUSCH
Agenda item:	7.1
[bookmark: DocumentFor]Document for:	Discussion and Decision
[bookmark: _Ref4817]Introduction
In RAN1#103-e, PUSCH skipping for CG PUSCH was discussed. The following agreements were reached[1]. In this contribution, the remaining issues are discussed. 
	Agreement
The text proposal in R1-2008655 is endorsed for TS38.214 as revision of R1-2007337. Endorsed in R1-2009687 (TS38.214, Rel-16, CR#0123rev1, Cat. F). Add the following in the CR cover sheet.
· This CR is expected to submit to RAN plenary for approval together with the corresponding endorsed RAN2 CR.
· Other specs affected: TS 38.321

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. 
 
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

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.

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.




Discussion
Discussion on Case 1-6 without Rel-16 MAC/PHY prioritization
For Case 1-2, it was agreed that the MAC entity shall generate a MAC PDU for the CG PUSCH and deliver the MAC PDU to the physical layer if PUCCH transmission overlaps with the CG PUSCH. The purpose is to avoid the network blind detection since the network just needs to decode the PUSCH with multiplexed UCI with the assumption that PUSCH shall be transmitted anyway. Even if there is no available data for transmission, the MAC layer will also generate a MAC PDU for the CG PUSCH. To some extent, overlapping with a transmission of PUCCH is equal to the assumption that there is available data for transmission. 
In Rel-15, the MAC layer shall prioritize the DG PUSCH over CG PUSCH anyway in case CG PUSCH overlaps with DG PUSCH no matter whether there is available data to be mapped to the DG PUSCH. Similarly, in case 1-6 as shown in Figure 1, the MAC layer shall only generate the DG PUSCH according to the Rel-15 UE behavior. There is no reason to change the Rel-15 UE behavior in this case.


Figure 1 Case 1-6
Proposal 1: As long as a CG PUSCH overlaps with a DG PUSCH, the MAC entity should not generate MAC PDU for the CG PUSCH even though there is a PUCCH overlapping with CG PUSCH.
The other question is whether the UCI is transmitted on the PUCCH or dropped together with CG PUSCH. It is more beneficial if the UCI can be transmitted on the PUCCH. But it depends on whether the UE has enough time to process the PUCCH. There is a similar scenario when the PUSCH is configured with different priorities in Rel-16. The detailed discussion on the similar scenario can be found in our companion contribution[2]. In general, our view is if the timeline between the DCI scheduling DG PUSCH and the starting symbol of PUCCH is larger than Tproc,1, the UCI is transmitted on PUCCH. Otherwise, the UCI is dropped together with CG PUSCH.
Proposal 2: When both PUSCH repetition and Rel-16 MAC/PHY prioritization are not configured, for case 1-6 that CG PUSCH overlaps with both PUCCH and DG PUSCH and PUCCH does not overlap with DG PUSCH,
· If there is data for DG, MAC generates PDU for DG PUSCH
· UCI is transmitted on the PUCCH if timeline requirement is satisfied; UCI is dropped together with CG PUSCH, otherwise.
· If there is no data for DG, MAC does not generate PDU for DG or CG PUSCH
· UCI is transmitted on the PUCCH if timeline requirement is satisfied; UCI is dropped together with CG PUSCH, otherwise.
Where the timeline requirement is time interval between the DCI scheduling DG PUSCH and the starting symbol of PUCCH is larger than Tproc,1
For Case 1-6, if PUSCH repetition is configured for the CG PUSCH, a CG PUSCH occasion overlapping with PUCCH may or may not overlap with the the DG PUSCH as shown in Figure 2. In Case 1-6a, it is similar with Case 1-6 since the CG PUSCH 1 overlaps with both PUCCH and DG PUSCH. The same UE behavior should be used. In Case 1-6b, the CG PUSCH 1 overlaps with PUCCH only and does not overlap with DG PUSCH. CG PUSCH 2 overlaps with DG PUSCH. In Rel-15, CG PUSCH 1 will be transmitted and CG PUSCH 2 will be dropped if there is available data for transmission. Therefore, the CG PUSCH 1 in Case 1-6b should not be skipped just like Case 1-2. The MAC entity should generate MAC PDU for the CG PUSCH 1 and the UCI is multiplexed in the CG PUSCH 1.


Figure 2 Case 1-6 with PUSCH repetition is configured
Proposal 3: When the PUSCH repetition is configured for CG PUSCH and Rel-16 MAC/PHY prioritization is not configured, 
· If a CG PUSCH occasion overlaps with both PUCCH and DG PUSCH and DG PUSCH does not overlap with PUCCH, the UE behavior is the same as that in Case 1-6 above.
· If a CG PUSCH occasion only overlaps with PUCCH, the UE behavior is the same as that in Case 1-2.
Discussion on Case 1-1~1-5 for PUSCH repetition without Rel-16 MAC/PHY prioritization
If PUSCH repetition is configured, there may be some of the PUSCH occasions overlapping with a transmission of PUCCH. As shown in Figure 3, only the third PUSCH occasion (PUCSCH 3) overlaps with PUCCH. For the purpose of avoiding the network blind detection, at least PUSCH 3 cannot be skipped. For the PUSCH occasion that does not overlap with PUCCH, there is no strong reason to transmit the PUSCH if there is no available data. On the contrary, skipping the PUSCH can save power consumption for the UE. In addition, when UE transmits PUSCH 1 and PUSCH 2, the UE may not know the overlapping in the subsequent PUSCH occasion. The UE may already skips the PUSCH 1 or PUSCH 2 after it realizes there is PUCCH overlapping in PUSCH 3. Therefore, when the PUSCH repetition is configured, only the PUSCH overlapping with the PUCCH cannot be skipped. This could applied for Case 1-1 to Case 1-5.


Figure 3 Overlapping between PUSCH repetition and PUCCH
Proposal 4: When the PUSCH repetition is configured, for collision Case 1-1~1-5, only the PUSCH overlapping with the PUCCH cannot be skipped.
Discussion on cases with Rel-16 MAC/PHY prioritization
In Rel-16, a PUCCH or a PUSCH can be configured with physical priority. When the overlapped PUCCH and PUSCH are configured with the same priority, the UE behavior is the same as that in Rel-15. If there are configured with different priorities, there are two cases as follows.
· HP PUSCH vs LP PUCCH
When a PUSCH with high priority overlaps with a PUCCH with low priority, the PUCCH will be canceled and only PUSCH will be transmitted. If the HP PUSCH can be skipped, then the LP PUCCH can be transmitted when there is no available data for PUSCH transmission. On the contrary, if the HP PUSCH cannot be skipped as agreed in Rel-15, the PUCCH has to be canceled. However, the transmission is useless since neither valid data nor UCI is carried in this case. Therefore, HP PUSCH can be skipped in case of collision between HP PUSCH and LP PUCCH.
· LP PUSCH vs HP PUCCH
When a PUSCH with low priority overlaps with a PUCCH with high priority, the PUSCH will be canceled and only PUCCH will be transmitted. Therefore, it does not matter whether PUSCH is skipped or not. To align with the UE behavior in case of collision between HP PUSCH and LP PUCCH, the LP PUSCH can be skipped in this case. 
Since the proposal that PUSCH can be skipped does not change the current UE behavior, it can be used for all the discussed collision cases, including when the PUSCH repetition is configured.
Proposal 5: When the physical priority is configured, the PUSCH cannot be skipped in case of overlapped PUSCH and PUCCH with same priority and the PUSCH can be skipped in case of overlapped PUSCH and PUCCH with different priorities.
Conclusion
According to the discussion above, we have the following observations and proposals.
Proposal 1: As long as a CG PUSCH overlaps with a DG PUSCH, the MAC entity should not generate MAC PDU for the CG PUSCH even though there is a PUCCH overlapping with CG PUSCH.
Proposal 2: When both PUSCH repetition and Rel-16 MAC/PHY prioritization are not configured, for case 1-6 that CG PUSCH overlaps with both PUCCH and DG PUSCH and PUCCH does not overlap with DG PUSCH,
· If there is data for DG, MAC generates PDU for DG PUSCH
· UCI is transmitted on the PUCCH if timeline requirement is satisfied; UCI is dropped together with CG PUSCH, otherwise.
· If there is no data for DG, MAC does not generate PDU for DG or CG PUSCH
· UCI is transmitted on the PUCCH if timeline requirement is satisfied; UCI is dropped together with CG PUSCH, otherwise.
Where the timeline requirement is time interval between the DCI scheduling DG PUSCH and the starting symbol of PUCCH is larger than Tproc,1
Proposal 3: When the PUSCH repetition is configured for CG PUSCH and Rel-16 MAC/PHY prioritization is not configured, 
· If a CG PUSCH occasion overlaps with both PUCCH and DG PUSCH and DG PUSCH does not overlap with PUCCH, the UE behavior is the same as that in Case 1-6 above.
· If a CG PUSCH occasion only overlaps with PUCCH, the UE behavior is the same as that in Case 1-2.
Proposal 4: When the PUSCH repetition is configured, for collision Case 1-1~1-5, only the PUSCH overlapping with the PUCCH cannot be skipped.
Proposal 5: When the physical priority is configured, the PUSCH cannot be skipped in case of overlapped PUSCH and PUCCH with same priority and the PUSCH can be skipped in case of overlapped PUSCH and PUCCH with different priorities.
Reference
3GPP RAN1#103-e, chairman notes
3GPP RAN1#104-e, R1-2100091, Remaining issues on intra-UE multiplexing in Rel-16 URLLC
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