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Introduction
Issues related to PUSCH skipping have been discussed in a few meetings. For Rel-15, the following was agreed in RAN1#101-e:
Agreement
The following text proposal is endorsed in R1-2005044 (TS38.214, Rel-15, CR#0105, Cat. F).
	A UE shall upon detection of a DCI format scheduling a PUSCH PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. 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.



Conclusion
In case a UL grant without UL-SCH field or UL-SCH =1 (if present) is detected by a UE configured with skipUplinkTxDynamic, Case 2 can be addressed for Rel-16.

Case 2 (UCI overlapping with PUSCH in case of PUSCH skipping) was further discussed for Rel-16 in RAN1#102-e, and the following was agreed:
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
Text proposal for maintenance on PUSCH skipping with overlapping UCI on PUCCH is endorsed in R1-2007337 (TS 38.214, Rel-16, CR#0123, Cat F)

The issue was further discussed in RAN1#103-e for the skipping of CG PUSCH when there is PUCCH overlapping with CG PUSCH, focusing on the case when Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions.

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.

In this contribution we discuss the remaining open issues for the case when Rel-16 LCH based prioritization is not configured and there is a single PHY priority for UL transmissions.
Discussion 
Case 1-6
For case 1-6, the working assumption is for the non-CA case only, and there are still two options, Opt-3 and Opt-4 for further down selection. 
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Figure 1 Case 1-6
Comparing Opt-3 and Opt-4, 
· Opt-3 considers the fact that DG always overrides CG in this case, so there is no point to assume UCI is multiplexed on CG PUSCH. Instead, DG PUSCH and PUCCH are processed separately. 
· Opt-4, on the other hand, does the UCI multiplexing decision assuming the presence of the CG PUSCH. Due to CG being overridden by DG, UCI is dropped together with CG.
Given that DG overriding CG is deterministic behavior in this case, Opt-4 always leads to UCI dropping, while UCI is always transmitted with Opt-3. Therefore, Opt-3 has advantage over Opt-4, and it is a better solution.
However, the timeline issue needs to be addressed for case 1-6 in general. The timeline requirements for case 1-6 so far include:
· UL DCI for DG arrives Tproc,2 before the start of CG.
· DL DCI (if any) for PUCCH arrives Tproc,2 (multiplexing timeline) before the earlier of PUCCH and CG.
However, as shown in Figure 2, there could be a timeline issue from UE perspective, because the UL DCI may come late, later than Tproc,2 before PUCCH. However, the time point for UE to make the decision on whether to multiplex UCI on CG or not is Tproc,2 before PUCCH. If the UL DCI for DG comes after this time point, the UE may not have sufficient time to revert previous decision and re-process PUCCH and CG PUSCH.
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Figure 2 Timeline issue for Case 1-6
Two obvious solutions for this issue are: 
(1) Case 1-6 is considered as an error case.
(2) For case 1-6, the UL DCI for DG PUSCH is not expected to come later than Tproc,2 before the earlier of PUCCH and CG PUSCH.
The first solution may be over restrictive. The second solution would be sufficient for handling the timeline issue for the UE implementation, which is less restrictive.
Note that this timeline issue is generic (not specific for the new Rel-16 UL skipping behavior) actually exists in Rel-15 already. The same fix should be applied to Rel-15 also. In addition, from timeline perspective, PUSCH carrying SP-CSI is the same as CG. Therefore, the same timeline condition should be applied to SP-CSI PUSCH as well.
Proposal 1: Add a timeline condition for both Rel-15 and Rel-16 that if a CG PUSCH or a SP-CSI PUSCH overlaps in time with a PUCCH, the UE does not expect to be scheduled with a DG PUSCH on the same serving cell as the CG PUSCH or the SP-CSI PUSCH where the DCI for the DG PUSCH does not satisfy the UCI multiplexing timeline for PUCCH and CG PUSCH or the SP-CSI PUSCH.

In addition, Opt-3 should be generalized to cover broader cases (including CA and non-CA cases) based on the principle that a CG that overlaps with DG on the same serving cell is not considered in UCI multiplexing decision. During the discussion in RAN1#103-e, more generic cases extending case 1-6 were brought up, such as case 1-6a and case 1-6b in Figure 3.
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Case 1-6a					Case 1-6b
Figure 3 Illustration of Case 1-6a and Case 1-6b
The essence of Opt-3 is that if CG overlaps with DG on the same serving cell, it should be dropped directly without any PHY processing.
Proposal 2: In Rel.16, 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, for both CA and non-CA cases, in case a CG PUSCH overlaps with a PUCCH and a DG PUSCH overlaps with the CG PUSCH on the same CC and does not overlap with the PUCCH, UCI multiplexing decision is made following the UCI multiplexing rules without considering the CG PUSCH. That is, UCI is not to be multiplexed on the CG PUSCH. If the decision is that UCI is to be multiplexed on a PUSCH, MAC generates MAC PDU for this PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on this PUSCH.

Selection of CG PUSCH for UCI multiplexing
In Rel-15, CG PUSCH skipping is done in MAC first, and UCI multiplexing decision is done only after PHY receives MAC PDU. With Rel-16 CG PUSCH skipping behavior, the principle is that UCI multiplexing decision is made before PHY knows whether there is any MAC PDU delivered to PHY for a CG PUSCH. This means that all configured CG occasions are candidates for UCI multiplexing consideration. There are two new issues to be considered here.
Issue 1: Should we include all configured CG occasions in UCI multiplexing decision?
CG PUSCH may not be transmitted if it conflicts with a semi-static DL symbol and it may be cancelled by a dynamic DCI (dynamic SFI or DL DCI). Given that the main motivation is to avoid ambiguity on UCI multiplexing between UE and gNB, it is preferable not to consider cancellation due to dynamic DCI. However, it would make sense to exclude the CG that conflicts with a semi-static DL symbol.
Proposal 3: A CG PUSCH that conflicts with a semi-static DL symbol is not considered in the UCI multiplexing decision.

Issue 2: How to choose CG for UCI multiplexing if there are multiple CG occasions on the same serving cell with the same starting time?
In Rel-15, we already have a comprehensive set of priority rules for selecting which PUSCH to multiplex UCI, as captured in the following agreements:
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With the new skipping behavior in Rel-16 where UCI multiplexing decision is made based on configured CG occasions instead of the CGs with PDUs, given that multiple CG configurations are supported on a serving cell in Rel-16, we can have multiple CGs on the same serving cell with the same starting time, which is not covered by the existing rules. It would be good to introduce a new rule to cover this case to have deterministic behavior. A simple non-ambiguous approach can be used, e.g. by using the CG configuration index.
Proposal 4: For selecting between CG PUSCHs on the same serving cell with the same starting time for UCI multiplexing, the CG PUSCH with the smaller CG configuration index is prioritized.

Issue 2: SP-CSI PUSCH related issue
For SP-CSI PUSCH overlapping with CG on the same serving cell, TS 38.214 Clause 5.2.5 says that CG PUSCH (with UL-SCH) is transmitted and SP-CSI PUSCH is dropped, according to the following text.
	If a UE would transmit a first PUSCH that includes semi-persistent CSI reports and a second PUSCH that includes an UL-SCH and the first PUSCH transmission would overlap in time with the second PUSCH transmission, the UE does not transmit the first PUSCH and transmits the second PUSCH. The UE expects that the first and second PUSCH transmissions satisfy the above timing conditions for PUSCH transmissions that overlap in time when at least one of the first or second PUSCH transmissions is in response to a DCI format detection by the UE. 



With Rel-16 CG skipping behavior, UCI multiplexing decision is made based on configured CG occasions, before knowing whether there is data for the CG or not. So the current wording does not directly apply any more. Nonetheless, we can apply the same principle to give CG higher priority over SP-CSI PUSCH.
Proposal 5: For selecting between overlapping CG PUSCH and SP-CSI PUSCH on the same serving cell for UCI multiplexing, CG PUSCH has higher priority than SP-CSI PUSCH.

Conclusion
In this contribution, we discussed the remaining issues for PUSCH skipping and made the following proposals:
Proposal 1: Add a timeline condition for both Rel-15 and Rel-16 that if a CG PUSCH or a SP-CSI PUSCH overlaps in time with a PUCCH, the UE does not expect to be scheduled with a DG PUSCH on the same serving cell as the CG PUSCH or the SP-CSI PUSCH where the DCI for the DG PUSCH does not satisfy the UCI multiplexing timeline for PUCCH and CG PUSCH or the SP-CSI PUSCH.
Proposal 2: In Rel.16, 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, for both CA and non-CA cases, in case a CG PUSCH overlaps with a PUCCH and a DG PUSCH overlaps with the CG PUSCH on the same CC and does not overlap with the PUCCH, UCI multiplexing decision is made following the UCI multiplexing rules without considering the CG PUSCH. That is, UCI is not to be multiplexed on the CG PUSCH. If the decision is that UCI is to be multiplexed on a PUSCH, MAC generates MAC PDU for this PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on this PUSCH.
Proposal 3: A CG PUSCH that conflicts with a semi-static DL symbol is not considered in the UCI multiplexing decision.
Proposal 4: For selecting between CG PUSCHs on the same serving cell with the same starting time for UCI multiplexing, the CG PUSCH with the smaller CG configuration index is prioritized.
Proposal 5: For selecting between overlapping CG PUSCH and SP-CSI PUSCH on the same serving cell for UCI multiplexing, CG PUSCH has higher priority than SP-CSI PUSCH.
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Conclusi
For the issue raised in the draft CR R1-1906302, the intended UE behavior per specification is commonly understood as follows:

@ For UCI multiplexing, within a PUCCH group, on PUSCH, the following two steps are performed with step 1 first, then followed by step 2:
© Step 1: UCI in overlapped PUCCH transmissions is multiplexed into one PUCCH resource (resource Z) es-REE. This step is done per PUCCH slot.
© Step 2: UCI, that doesn’t include SR, in Z is multiplexed into one PUSCH, if Z overlaps with at least one PUSCH, following the priorities (sequentially from high to low) as listed below.

= First priority: PUSCH with A-CSI as long as it overlaps with Z
= Second priority: carliest PUSCH slot(s) based on the start of the sloi(s)
= Ifthere are still multiple PUSCHs overlap with Z in the carliest PUSCH slot(s), follow the following prioritics (sequentially from high to low)
 Third priority: Dynamic grant PUSCHs > eonfigured-grant RUSCHs PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH
© Fourth priority: PUSCHs on €€ serving cell with smaller €€ serving cell index > PUSCHs on €€ serving cell with larger €€ serving cell index

 Fifth priority: Earlier PUSCH transmission > later PUSCH transmission
Note: The clarification applies to both cases with the same (except the second priority part) and different numerologies among PUCCH and PUSCH.




