
[bookmark: OLE_LINK2]3GPP TSG RAN WG1 #103-e		R1-2008654
e-Meeting, October 26th – November 13th, 2020

Source:	vivo
[bookmark: _Hlk53393006]Title:	Discussion on configured grant PUSCH with overlapping UCI on PUCCH in Rel-16
[bookmark: Source]Agenda Item:	7.1
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK3]In RAN1 #102-e meeting, dynamic PUSCH skipping with overlapping CSI/HARQ-ACK on PUCCH was discussed in RAN1 and related conclusions were made below [1].
	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.



Regarding configured grant PUSCH, there is similar issue as dynamic PUSCH skipping with overlapping UCI on PUCCH since UL skipping is mandatory for configured grant as currently defined in [2, 38.306], see appendix. In this contribution, we will discuss the potential solutions for configured grant PUSCH with overlapping UCI on PUCCH.
2. Discussions
[bookmark: OLE_LINK25]Issue on multiple CGs configuration
In Rel-15, a UE can indicate whether it supports more than one configured grant configurations (including both Type 1 and Type 2) in a cell group by “multipleConfiguredGrants” as in 38.306 [2]. For each cell, the UE supports at most one configured grant per BWP and the maximum number of configured grant configurations per cell group is 2. In Rel-16, UE can indicate whether it supports up to 12 configured/active configured grant configurations in a BWP of a serving cell by “activeConfiguredGrant-r16” as in 38.306 [2].
For configured grant, it is conditionally mandatory feature that a UL configured grant PUSCH will be skipped if no data to transmit. As result, when a CG PUSCH overlapping with a PUCCH carrying UCI, the UCI would be multiplexed on the CG PUSCH if there are data to transmit on the PUSCH. Otherwise, the UCI would be transmitted on the PUCCH and the CG PUSCH would be skipped. In such case, gNB needs to perform blind detection for both CG PUSCH transmission and PUCCH transmission. In Rel-15, when there is single CG configuration within on one cell group , the blind detection for UCI on CG PUSCH or PUCCH would not be a burden for gNB. When two CGs are configured within one cell group with at most one CG per cell, e.g. CG#1 on CC#1 and CG#2 on CC#2, blind detections for gNB with different hypotheses i.e., UCI on PUCCH, UCI on PUSCH of CG#1, UCI on PUSCH of CG#2 are still acceptable. 
When there are multiple PUSCHs that are overlapping with a PUCCH carrying UCI on a serving cell, the UCI will be multiplexed on the PUSCH overlapping with the PUCCH with earliest starting time on the serving cell with lowest cell index, based on the multiplexing order specified in Rel.15 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) on PCC. This step is done per PUCCH slot.
· Step 2: UCI, that doesn’t include SR, in PUCCH resource 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: earliest PUSCH slot(s) based on the start of the slot(s)
· If there are still multiple PUSCHs overlap with Z in the earliest PUSCH slot(s), follow the following priorities (sequentially from high to low)
· Third priority: Dynamic grant PUSCHs > configured grant PUSCHs PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH
· Fourth priority: PUSCHs on CC serving cell with smaller CC serving cell index > PUSCHs on CC serving cell with larger CC serving cell index
· Fifth priority: Earlier PUSCH transmission > later PUSCH transmission



As discussed, for CA case in Rel-15, the very limited blind detections (up to 3) would not be too heavy for gNB. However, in Rel-16, for non-CA or CA case, up to 12 CGs per serving cell and up to 32 CGs cross serving cells with one cell group is supported. Hence, which PUSCH the UCI will be multiplexed on could be quite challenging for detection at gNB side since a CG PUSCH may or may not be transmitted depending on whether there are data to transmit.
The case for multiple CGs is similar to the case that dynamic PUSCH skipping overlapping with PUCCH in CA case. For example, there are 5 CCs where there are CG PUSCH transmission on each CC of CC#2~CC#4 and there is a PUCCH transmission on CC#1 that is overlapping with the PUSCHs on CC#2~CC#4. If there are data to transmit on CC#2~#4, UCI will be multiplexed on the CG PUSCH transmission on CC#2. If there is no data to transmit on CC #2, UE may skip the CG PUSCH on CC#2 and multiplex the UCI on the CG PUSCH on the CC with data. However, for gNB, blind detection for PUSCH on each CC with PUSCH overlapping with UCI should be performed, with hypothesis of UCI multiplexing. It may result in heavy burden for gNB detection.

Possible solution for multiple CGs
In RAN1 #102-e meeting, there were some discussions on CG PUSCH overlapping with PUCCH. Following options were proposed for CG PUSCH when there is PUCCH carrying UCI overlapping with a set of CG PUSCHs for non-CA and CA case.
· Option 1:
· the UE first determines which PUSCH from the set of PUSCHs would carry the UCI, PUSCH_0
· the PUSCH with UCI multiplexing cannot be skipped and MAC generates MAC PDU for the PUSCH_0, and UCI is multiplexed on PUSCH_0
· Option 2: the UE determines which PUSCH/PUCCH would carry the UCI based on MAC PDU generation
· If MAC generates data for all or a subset of PUSCHs from the set, UCI will be multiplexed on one of the PUSCH(s) with data based on the existing multiplexing rules.
· If MAC generates data for none of the PUSCHs, none of the PUSCHs in the set will be transmitted and UCI will be transmitted in the PUCCH.
As discussed above, single or limited (e.g. 2) configured grant configurations for non-CA or CA case would not lead to heavy blind detection at gNB. Hence, the key question is what is the UE behaviour for multiple CGs for configured grant PUSCH overlapping with PUCCH
When there are multiple CGs, compared to option 1, option 2 may result in higher blind detection complexity. Therefore, option 1 is more preferable. Regarding the single CG or multiple CGs on single CC case, option 1 or option 2 can be considered. Hence, following methods can be considered.
· Alt. 1: option 1 is adopted for single or multiple CGs on single or multiple CCs
· Alt. 2: 
· For multiple CGs on single or multiple CCs, option 1 is adopted.
· For single CG per cell group, option 2 is adopted.
· Alt. 3:
· For multiple CGs on multiple CCs, option 1 is adopted.
· For CG(s) on single CC, option 2 is adopted.
Among these alternatives, the key points are whether to adopt the common solution for single or multiple CGs on single or multiple CCs. Considering the potential blind detection issue for option 2 and unified UE behaviour, Alt.1 is preferred.

[bookmark: _Ref21009225][bookmark: _Ref40110079][bookmark: _Ref40110108][bookmark: _Ref47532734][bookmark: _Ref53653021][bookmark: _Hlk496824026]Proposal 1: For single or multiple CGs in non-CA and CA cases, for CG PUSCH when there is PUCCH carrying UCI overlapping with a set of CG PUSCHs, option 1 is adopted, i.e.
· the UE first determines which PUSCH from the set of PUSCHs would carry the UCI, PUSCH_0
· the PUSCH with UCI multiplexing cannot be skipped and MAC generates MAC PDU for the PUSCH_0, and UCI is multiplexed on PUSCH_0
3. [bookmark: OLE_LINK16]Conclusion
In this contribution, we provide our views on the potential issue and solution for configured grant PUSCH with overlapping UCI on PUCCH. The observations and proposals are summarized below.
[bookmark: _GoBack]Proposal 1: For single or multiple CGs in non-CA and CA cases, for CG PUSCH when there is PUCCH carrying UCI overlapping with a set of CG PUSCHs, option 1 is adopted, i.e.
· the UE first determines which PUSCH from the set of PUSCHs would carry the UCI, PUSCH_0
· the PUSCH with UCI multiplexing cannot be skipped and MAC generates MAC PDU for the PUSCH_0, and UCI is multiplexed on PUSCH_0
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Appendix – TS 38.306
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	multipleConfiguredGrants
Indicates whether UE supports more than one configured grant configurations (including both Type 1 and Type 2) in a cell group. For each cell, the UE supports at most one configured grant per BWP and the maximum number of configured grant configurations per cell group is 2. If absent, for each configured cell group, the UE only supports one configured grant configuration on one serving cell.
	UE
	No
	Yes
	No


 
	Features
	Condition

	Skipping UL configured grant if no data to transmit.
	Either configuredUL-GrantType1 or configuredUL-GrantType2 is supported.

	Downlink SDAP header
	Either NAS reflective QoS or as-ReflectiveQoS is supported.

	IMS emergency call
	It is mandatory to support IMS emergency call for UEs which are IMS voice capable in NR.



