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[bookmark: _Ref513464071]Introduction
In RAN1#102-e, RAN1 agreed on modification to PUSCH skipping behaviour such that a PUSCH may not be skipped in case it overlaps with UCI:
	Agreement
For UL skipping of dynamic UL grant in non-CA and CA case, when there is PUCCH carrying UCI overlapping with a set of PUSCHs, the PUSCH with UCI multiplexing from the set cannot be skipped. MAC generates MAC PDU for the PUSCH and the UCI is multiplexed on the PUSCH.



In RAN1#103-e, RAN1 examined different scenarios of overlapping between a DG PUSCH, one or more CG PUSCH and PUCCH, and made further agreements on which PUSCH would not be skipped for each scenario [1]. Such scenarios apply to the case where LCH-based prioritization is not configured and single PHY priority. RAN1 sent LS to RAN2 to implement the necessary changes in the MAC specification [2]. 
In parallel, RAN1 also discussed additional scenarios for the case where LCH-based prioritization and 2-level PHY priority are configured [3]. During this discussion, it emerged that potential consequence of the agreement in the above box is that the MAC may have to generate TBs for two grants overlapping in time domain in some scenarios. The handling of such scenarios needs to be decided.
This contribution proposes to agree on the following guidelines to RAN2 for PUSCH skipping with 2-level PHY priority and LCH-based prioritization. If agreed, such guidelines would need to be included in an LS to RAN2 on PUSCH skipping handling:
· MAC generates a padding TB for UCI only if the PUSCH and overlapping PUCCH have same priority.
· MAC does not generate padding TBs for UCI that would result in overlapping PUSCHs on the same carrier.

Handling at MAC and PHY layer
The relevant steps of grant selection and PHY prioritization can be summarized as follows:
1. MAC selects a prioritized grant among overlapping grants based on the priority of available data, the available grants, whether such grants can carry the highest-priority data (LCH-based prioritization), and the type of grant.
a. MAC does not generate TB for which existing “skipping” conditions are met at this stage
2. Other grants that overlap with the prioritized grant are discarded. No PDU is sent to the PHY layer and corresponding PUSCH’s are not considered in PHY prioritization.
3. If a TB is generated for a prioritized grant, it is sent to PHY and PHY considers corresponding PUSCH in PHY prioritization/multiplexing
4. If a PUCCH overlaps in time with the PUSCH of a prioritized grant, PHY may multiplexing overlapping PUCCH in PUSCH, or drop one of the transmissions as per rules defined in R16.
5. If PUCCH does not overlap in time with the PUSCH of a prioritized grant, and overlaps in time with at least one grant that was not discarded due to overlapping with a prioritized grant (and for which multiplexing is possible), MAC needs to generate a TB for one of these grants (“Padding TB for UCI”) to implement the RAN1 agreement on skipping.
Step 5 is currently not specified in MAC. When 2-level PHY priority is configured, an additional condition for the selection is that the PUSCH is of same priority as PUCCH – otherwise the PUCCH may be dropped.
Proposal 1: Inform RAN2 that MAC generates a padding TB for UCI only if the PUSCH and overlapping PUCCH have same priority.
During email discussion [103-e-NR-L1enh-URLLC-07], the following cases were considered:
	Case 1: 
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	Case 2:
 [image: ]
	Case 3: 
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Applying the above procedure, and assuming a scenario where the prioritized grant is the CG PUSCH (i.e. with data), the UE would discard the DG PUSCH in all 3 cases and transmit over CG PUSCH and PUCCH. One can note that for Case 2 and Case 3, the network may still have to blind decode between PUCCH and DG PUSCH. This is undesirable but unavoidable since overlapping PUSCH transmissions are not supported and the CG PUSCH transmission containing data is obviously more important. However, if necessary the network could avoid this scenario by not scheduling a DG that partially overlaps with the CG.
In the scenario where there is no prioritized grant from step 1, e.g. no higher-layer data, the agreement from RAN1#102-e means that MAC may generate padding TBs for the purpose of UCI multiplexing (step 5). For Case 1 and Case 2, the UE thus generates a padding TB for the DG PUSCH to multiplex with PUCCH. For Case 3, application of the RAN1#102-e agreement would mean that two overlapping PUSCHs are generated. This may be an issue because:
· Two overlapping PUSCH transmissions (with TB) on same carrier is not otherwise supported in R16;
· Even if supported, prioritization would mean that LP PUCCH is dropped unnecessarily.
Therefore, it seems necessary that MAC selects one grant among a set of overlapping grants on same carrier for which padding TBs would be generated. 
Proposal 2: Inform RAN2 that MAC does not generate padding TBs for UCI that would result in overlapping PUSCHs on the same carrier.
To avoid generation of overlapping PUSCHs on same carrier from padding TBs, the MAC needs to further downselect among the set of padding TBs that would otherwise be generated. The rule for downselection could be further discussed, but a reasonable approach could be to prioritize earliest PUSCHs.
Conclusion.
This contribution discussed PUSCH skipping when 2-level PHY prioritization and/or LCH-based prioritization are configured, and proposes the following:
Proposal 1: Inform RAN2 that MAC generates a padding TB for UCI only if the PUSCH and overlapping PUCCH have same priority.
Proposal 2: Inform RAN2 that MAC does not generate padding TBs for UCI that would result in overlapping PUSCHs on the same carrier.
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Appendix
Agreements from RAN1#103-e
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#0123, 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.

Agreement
· For the collision scenario between CG and DG with same/different PHY-priority index, if there is no collision between PUCCH and the CG and there is no collision between PUCCH and the DG, the behaviour mentioned in the LS is consistent with RAN1’s understanding if taking into account the TP to Rel-16 TS 38.214, i.e., revision CR in R1-2008655.
· When the MAC entity is configured with lch-basedPrioritization, for the collision scenario between CG and DG with same/different PHY-priority index, and when there is collision between PUCCH and the CG with the same priority and/or there is collision between PUCCH and the DG with the same priority, RAN1 is still discussing the related PHY layer behaviour. 

Agreements from RAN1#102-e
	Agreement
For UL skipping of dynamic UL grant in non-CA and CA case, when there is PUCCH carrying UCI overlapping with a set of PUSCHs, the PUSCH with UCI multiplexing from the set cannot be skipped. MAC generates MAC PDU for the PUSCH and the UCI is multiplexed on the PUSCH.



Agreement
The following text proposal for TS38.214 is endorsed. Final CR is agreed in R1-2007337 (TS 38.214, Rel-16, CR#0123, Cat F).
	[bookmark: _Toc11352095]6.1	UE procedure for transmitting the physical uplink shared channel
<unchanged part omitted>
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]. Upon detection of a DCI format 0_1 or 0_2  with "UL-SCH indicator" set to "0" and with a non-zero "CSI request" where the associated "reportQuantity" in CSI-ReportConfig set to "none" for all CSI report(s) triggered by "CSI request" in this DCI format 0_1 or 0_2, the UE ignores all fields in this DCI except the "CSI request" and the UE shall not transmit the corresponding PUSCH as indicated by this DCI format 0_1 or 0_2. When the UE is scheduled with multiple PUSCHs by a DCI, HARQ process ID indicated by this DCI applies to the first PUSCH, as described in clause 6.1.2.1, HARQ process ID is then incremented by 1 for each subsequent PUSCH(s) in the scheduled order, with modulo 16 operation applied. For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to transmit a PUSCH that overlaps in time with another PUSCH. For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i. The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0, 0_1 or 0_2 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process. 
<unchanged part omitted>
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