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[bookmark: _Ref68628695]Introduction
Rel-18 XR has developed physical layer designs for the following two features including the multi-PUSCH CG period and the UTO-UCI indicating unused CG PUSCH occasions [1]. Besides, RAN #101 has approved the PDCCH monitoring resumption after UL NACK feature in [2] and decided that a corresponding UE capability should be defined.
	Specify the enhancements related to capacity:
-	Multiple Configured Grant (CG) PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  
-	Dynamic indication of unused CG PUSCH occasion(s) based on Uplink Control Information (UCI) by the UE (RAN1, RAN2);



In RAN1 #114, related UE features were discussed for XR and the following agreements were made [3].
	Agreement
· Introduce following FGs
	50. NR_XR_Enh
	50-1
	Multi-PUSCHs for Configured Grant
	1. Determination of time-domain resource allocation for CG-PUSCHs associated to a multi-PUSCHs CG
FFS whether to separate this FG for type-1 and type-2 CG
FFS whether to separate this FG for multiple CG configurations
FFS whether to separate this FG for shared spectrum
FFS whether to report maximum supported number of configured CG-PUSCH TOs in one CG period
	
	Yes
	N/A
	UE is not able to support Multi-PUSCHs per one period in Configured grant in licensed band
	
	
	
	
	
	Optional with capability signaling

	50. NR_XR_Enh
	50-2
	UCI indication of unused CG-PUSCH transmission occasions
	1. Multiplexing of the Unused transmission occasions UCI (UTO-UCI) on a CG-PUSCH
FFS whether to merge this FG into FG 50-1
FFS whether to separate this FG for UTO-UCI multiplexing with HARQ-ACK
	
	Yes
	N/A
	UE is not able to indicate the unused resources in CG
	
	
	
	
	
	Optional with capability signaling






In this paper, we will discuss the pending issues for Rel-18 XR UE features.
Discussion
[bookmark: _Ref146200074]Multi-PUSCH occasion CG period
To determine whether FG 50-1 is per band or per UE, we can follow the most relevant UE CG features in existing specifications [4][5]. In Rel-16, FG 11-9 (activeConfiguredGrant-r16) was defined to support multiple active CG configurations. The Rel-18 CG configuration with multiple PUSCH occasions per period is equivalent to multiple active CG configurations each with a single PUSCH occasion per period if network configures the same CG periodicity and different start offsets for these CG configurations (see Figure 1). In comparison to the Rel-16 multiple active CG configurations, the Rel-18 CG configuration has better signaling (i.e., RRC configuration and activation/deactivation) efficiency. Considering the similarities between the two features, we should follow FG 11-9 to define parameters for FG 50-1, e.g., per band etc. 
[bookmark: o1]Observation 1: FG 11-9 is the most relevant existing UE feature to FG 50-1 and hence FG 50-1 can follow FG 11-9.
[bookmark: p1]Proposal 1: FG 50-1 is a “per band” UE feature.



[bookmark: _Ref146092291]Figure 1: Rel-16 multiple active CG configurations vs. Rel-18 multi-PUSCH CG configuration

As for the “FFS whether to report maximum supported number of configured CG-PUSCH TOs in one CG period” in FG 50-1, the XR main session has agreed to define a new UE capability in RAN1 #114 meeting with the agreements below. Based on this, the FFS should be converted to a new component. Wording of the FFS is better to be updated to indicate the “maximum supported number” is the number of consecutive slots in each CG period so that it won’t be misunderstood as the number of valid CG PUSCH occasions in each CG period.
[bookmark: p2]Proposal 2: Add the following component in FG 50-1
· Description: maximum supported number of consecutive slots configured for CG-PUSCH TOs in one CG period
· Candidate value set: {16, 32}

	RAN1 #114:
Agreement
For a multi-PUSCH CG configuration, the range value of the higher layer parameter indicating number of consecutive slots (N in previous agreements) is:
· Max value=16 or 32
· Up to UE capability
· Min value=2

RAN1 #113:
Agreement
For time domain resource allocation for multi-PUSCH CGs, support
· For TDRA determination (based on NR-U framework)
· For Type-1, follow the rules for DCI format 0_0 on UE specific search space, as defined in Clause 6.1.2.1.1 of TS 38.214.
· Note: To determine the configuration of TDRA, PUSCH repetition type A is assumed according to description in 6.1.2.3 in 38.214 for Type-1.
· It is still an open issue whether repetition is supported. If it is decided repetition is not supported, it implies the corresponding repetition factor for is one.
· For Type-2, the TDRA table is determined by the TDRA table associated with activation DCI, as defined in Clause 6.1.2.1 of TS 38.214.
· Note: The DCI format for activation DCI with pusch-RepTypeA is applicable. 
· It is still an open issue whether repetition is supported. If it is decided repetition is not supported, it implies the corresponding repetition factor for is one.
· N is configured by higher layers
· A single SLIV is determined from TDRA.
· The SLIV used for 1st PUSCH per CG period.
· PUSCH is used in each of N consecutive slots per CG period
· Note: N is configured independently from cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively. N configuration is independent from cgRetransmissionTimer configuration.
· To determine corresponding slots for CG PUSCHs in a period of a multi-PUSCH CG configuration:
· For the first PUSCH in the period, follow the legacy procedures.
· For remaining PUSCHs in the period
· ForType-1 and Type-2, reuse the corresponding procedures for NR-U by applying the RRC parameters N and M, instead of cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively.



In RAN1 #114, the XR main session discussed the “FFS whether to separate this FG for multiple CG configurations” in FG 50-1 and identified the following options. The key question is whether there are multiple traffic flows (e.g., XR UL video) each is associated with a Rel-18 CG configuration with multiple PUSCH occasions per period. So far, RAN1 has only assumed a single UL video traffic for the AR application. Then, one CG configuration with multiple PUSCH occasion per period should be sufficient in each UL carrier. To allow the UE to support potential advanced XR application with more than one UL video traffic flow, we can define the UE capability for multiple CG configurations with multiple CG PUSCH occasions per period. 
[bookmark: p3]Proposal 3: Add a new UE feature to support more than one active CG configuration that has multiple PUSCH occasions per period. If UE supports FG 50-1 but not this new UE feature, the maximum supported number of active CG configuration that has multiple PUSCH occasions per period is 1.

	RAN1 #114:
Proposal 4-2:
Select one of the following options:
· Option 1: Introduce a new capability to indicated maximum number of multi-PUSCH CG configurations (at least 2) per BWP of a serving cell and across all serving cells
· FG 50-1 as pre-requisite.
· FG 11-9 NOT as pre-requisite
· Option 2: Introduce a new capability to indicated maximum number of multi-PUSCH CG configurations (at least 2) per BWP of a serving cell and across all serving cells. The maximum number should not exceed the corresponding maximum number of CG configurations indicated by FG 11-9.
· FG 50-1 as pre-requisite.
· FG 11-9 as pre-requisite
· Option 3: Maximum number of multi-PUSCH CG configuration per BWP of a serving cell is one.



UTO-UCI
From the beginning of the Rel-18 XR WI discussion, RAN1 has decided to follow CG-UCI to design the UTO-UCI (shown by the RAN1 #112 agreement below). Given this design principle, it is reasonable to follow the CG-UCI features in defining FG 50-2. In [4][5], “support CG-UCI in CG-PUSCH” together with FG 10-18 (configuredGrantWithReTx-r16) is defined as a per band UE feature. Besides, as discussed in Section 2.1 in this paper, all advanced CG features after Rel-16 have been defined as per band. Based on this, we propose FG 50-2 is defined as per band.
[bookmark: o2]Observation 2: In Rel-18 XR WI, UTO-UCI design has followed CG-UCI which is a per band UE feature.
[bookmark: p4]Proposal 4: FG 50-2 is a defined as a “per band” UE feature.

	RAN1 #112:
Agreement
Encoding and multiplexing for “the UCI that provides information about unused CG PUSCH transmission occasions” in a CG PUSCH applies encoding and multiplexing procedures for CG-UCI as baseline.
· FFS on details 



As for the “FFS whether to merge this FG into FG 50-1” in FG 50-2, the XR main session also discussed whether the multi-PUSCH CG period and UTO-UCI should be independent or not. We discussed this in detail in our companion paper in agenda 8.6.1 of [6]. In RAN plenary discussion on the Rel-18 XR WI scope, the two Rel-18 features have been treated as independent features. Technically, when UTO-UCI is applied to legacy CG configuration with one PUSCH occasion per period, it provides the same benefit for a periodically generated traffic with tight latency requirement. Based on these, we propose to not merge FG 50-2 into FG 50-1.
[bookmark: p5]Proposal 5: Do not merge FG 50-2 into FG 50-1. FG 50-2 does not use FG 50-1 as prerequisite.
Regarding the “FFS whether to separate this FG for UTO-UCI multiplexing with HARQ-ACK” in FG 50-2, the XR main session made the following conclusion in RAN1 #114. As a result, this FFS can be removed from FG 50-2 now.
[bookmark: o3]Observation 3: Based on the RAN1 #114 conclusion in XR main session, “FFS whether to separate this FG for UTO-UCI multiplexing with HARQ-ACK” in FG 50-2 should be removed.
	RAN1 #114:
Conclusion
There is no consensus on the following proposal:
Introduce a new RRC parameter UTO-UCI-Multiplexing (similar to cg-UCI-Multiplexing) to enable/disable joint coding of HARQ-ACK and UTO-UCI in a CG PUSCH with the UTO-UCI.



PDCCH Monitoring Resumption after UL NACK
RAN #101 meeting agreed to introduce “PDCCH monitoring resumption after UL NACK” as an optional UE feature in Rel-18 XR based on the TS 38.213 TP in [2]. UE capability for PDCCH monitoring resumption should use at least one of the Rel-17 PDCCH skipping feature groups (i.e., FG 29-3a pdcch-SkippingWithoutSSSG-r17 or FG 29-3d pdcch-SkippingWithSSSG-r17) as the prerequisite. Parameters of the new UE capability can follow that for FG 29-3a and FG 29-3d (see tables below). As both FG 29-3a and FG 29-3d are per band in existing specifications [4] [5], the new UE capability should be defined as per band too.
[bookmark: p6]Proposal 6: Add an optional UE capability for “PDCCH monitoring resumption after UL NACK” 
· Prerequisite is one of FG 29-3a and FG 29-3d or both
· Per band

[bookmark: _Toc12750894][bookmark: _Toc29382258][bookmark: _Toc37093375][bookmark: _Toc37238651][bookmark: _Toc37238765][bookmark: _Toc46488660][bookmark: _Toc52574081][bookmark: _Toc52574167][bookmark: _Toc139146791]Section 4.2.7.2 in TS 38.306 [4]
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	…
	…
	…
	…
	…

	pdcch-SkippingWithoutSSSG-r17
Indicates whether the UE supports up to 2-bit indication of PDCCH skipping by scheduling DCI if SSSG is not configured as specified in TS 38.213 [11], clause 10.4.
	Band
	No
	N/A
	N/A

	pdcch-SkippingWithSSSG-r17
Indicates whether the UE supports 2-bit indication of SSSG switching between 2 SSSGs, PDCCH skipping by scheduling DCI, and timer based SSSG switching as specified in TS 38.213 [11], clause 10.4. UE supports search space set group switching capability-1 according to Table 10.4-1 of TS 38.213 [11].

UE indicating support of this feature shall also indicate support of pdcch-SkippingWithoutSSSG-r17 and sssg-Switching-1bitInd-r17.
	Band
	No
	N/A
	N/A

	…
	…
	…
	…
	…



Table 6.1.7-1 in TR 38.822 [5]
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	…

	…
	…
	…
	…
	…
	…
	…

	29. NR_UE_pow_sav_enh
	29-3a
	PDCCH skipping
	Support of up to 2-bit indication of PDCCH skipping by scheduling DCI if SSSG is not configured
	
	pdcch-SkippingWithoutSSSG-r17
	…

	…
	…
	…
	…
	…
	…
	…

	29. NR_UE_pow_sav_enh
	29-3d
	2 search space sets group switching with PDCCH skipping
	Support of 2-bit indication of SSSG switching between 2 SSSGs, PDCCH skipping by scheduling DCI, and timer based SSSG switching
	29-3a, 29-3b
	pdcch-SkippingWithSSSG-r17
	…

	…
	…
	…
	…
	…
	…
	…



Conclusions
In this contribution, we have provided the following observations and proposals:
Observation 1: FG 11-9 is the most relevant existing UE feature to FG 50-1 and hence FG 50-1 can follow FG 11-9.
Proposal 1: FG 50-1 is a “per band” UE feature.
Proposal 2: Add the following component in FG 50-1
· Description: maximum supported number of consecutive slots configured for CG-PUSCH TOs in one CG period
· Candidate value set: {16, 32}
Proposal 3: Add a new UE feature to support more than one active CG configuration that has multiple PUSCH occasions per period. If UE supports FG 50-1 but not this new UE feature, the maximum supported number of active CG configuration that has multiple PUSCH occasions per period is 1.
Observation 2: In Rel-18 XR WI, UTO-UCI design has followed CG-UCI which is a per band UE feature.
Proposal 4: FG 50-2 is a defined as a “per band” UE feature.
Proposal 5: Do not merge FG 50-2 into FG 50-1. FG 50-2 does not use FG 50-1 as prerequisite.
Observation 3: Based on the RAN1 #114 conclusion in XR main session, “FFS whether to separate this FG for UTO-UCI multiplexing with HARQ-ACK” in FG 50-2 should be removed.
Proposal 6: Add an optional UE capability for “PDCCH monitoring resumption after UL NACK” 
· Prerequisite is one of FG 29-3a and FG 29-3d or both
· Per band
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