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[bookmark: _Ref68628695]Introduction
RAN1 has completed core physical layer designs for the following two Rel-18 features ([1]) including multi-PUSCH CG period and the UTO-UCI indicating unused CG PUSCH transmission occasions. In this paper, we discuss maintenance issues for these XR enhancements.
	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);



Maintenances on XR Capacity Enhancements
UTO-UCI in unlicensed bands
A remaining issue for UTO-UCI is the support in unlicensed bands ([2]). Two options were proposed in [3] including either UTO-UCI is not supported in unlicensed bands or it is supported only when the CG PUSCH does not contain CG-UCI. Rel-18 has not discussed the joint multiplexing and encoding of CG-UCI and UTO-UCI in the same CG PUSCH. Since support of CG-UCI is an optional UE feature in FG 10-18 ([4]), a CG PUSCH may or may not contain the CG-UCI in unlicensed bands. At least when the CG PUSCH does not contain UTO-UCI, the Rel-18 UTO-UCI mechanism would apply to unlicensed bands in the same way as in licenced bands. For this reason, we support UTO-UCI multiplexing in CG PUSCH in unlicensed bands if CG-UCI is not multiplexed in the CG PUSCH and it is a per band UE feature in FG 50-2.
[bookmark: p1]Proposal 1: Support the transmission of UTO-UCI in CG PUSCH in unlicensed bands when the CG PUSCH does not include CG-UCI. The support is based on a per band UE feature FG 50-2 for UTO-UCI.

UTO-UCI indication after CG activation
The UE may receive a re-activation DCI for a Type-2 CG configuration that can reduce MCS, time domain or frequency domain resource allocation for the CG configuration. Then the UE may not have sufficient UL resources in future “not unused” CG PUSCH TOs to transmit the remaining UL data. The UE needs to switch some “unused” CG PUSCH TOs in the future to “not unused”. However, Rel-18 has concluded that a CG PUSCH TO indicated as “unused” cannot be switched to “not unused” later. This issue was brought up by [5] and was discussed in RAN1 #114bis without conclusion [2]. We notice a similar issue exists when a future CG PUSCH TO indicated as “not unused” is cancelled by SFI, UL cancellation indication in DCI format 2_4 or a PDSCH or PUSCH scheduled by dynamic grant. 
[bookmark: o1]Observation 1: There are cases that a DCI causes UL resources to become insufficient in future “not unused” CG PUSCH TOs for transmitting the remaining UL data in the CG period.
· Re-activation DCI grants lower MCS or less time and frequency resources in each CG PUSCH TO
· “Not unused” CG PUSCH TO is cancelled by SFI, UL cancellation indication in DCI format 2_4 or a PDSCH or PUSCH scheduled by dynamic grant.
To fully benefit from the Rel-18 CG enhancements, the UE should be allowed to switch one or multiple future CG PUSCH TOs that have been indicated as “unused” to “not unused” so that the UE still has enough resources to transmit the remaining UL data in the CG period. However, this requires dedicated discussion that is more suitable in Rel-19 rather than in Rel-18 as maintenance.
[bookmark: p2]Proposal 2: Solution to the insufficient UL resource issue caused by a DCI including CG re-activation DCI, SFI, UL cancellation indication or UL/DL dynamic grant can be discussed in Rel-19 as further UTO-UCI optimization for XR capacity enhancements.

UTO-UCI indicating CG PUSCH repetition
In XR UE feature discussions in RAN1 #114bis [6], it was agreed that FG 50-2 for UTO-UCI is independent of FG 50-1/1a for the Rel-18 multi-PUSCH CG. This means UTO-UCI is applicable to both the Rel-18 multi-PUSCH CG and the legacy CG with one PUSCH TO in the period. Although the Rel-18 multi-PUSCH CG does not support repetition, the legacy CG may have repetition enabled for a TB to be transmitted over multiple CG PUSCH TOs. It was proposed in [5] that when PUSCH repetition is configured for a CG indicated by UTO-UCI, each bit in the UTO-UCI indicates whether the entire repetition bundle is “unused” or not. This is technically reasonable as either the UE has more data to transmit or not. However, the current specification is not broken without this optimization. On the other hand, repetition is important for UL coverage enhancements in resolving the zero capacity issue for AR in Urban Macro environments [7]. Based on these, we think it is necessary to specify CG PUSCH repetition related enhancements in Rel-19 including the UTO-UCI indication of CG PUSCH repetitions.
[bookmark: p3]Proposal 3: CG PUSCH repetition related enhancements including repetition for Rel-18 multi-PUSCH CG and one bit in UTO-UCI indicating a repetition bundle can be discussed in Rel-19.

Collision resolution of CG PUSCH TOs
In [8], it was proposed that the SPS PDSCH collision resolution procedure is adopted to resolve CG PUSCH collision. This proposal was treated as a further enhancement in RAN1 #114bis [2]. We agree that collision of CG PUSCH TOs should be revisit because collision may occur more frequently between multiple delay sensitive traffics of XR services when they generally have misaligned periodicities. One way to resolve the collision is the semi-static procedure, e.g., by following SPS PDSCH collision resolution procedure. The other way which can be more flexible is to let the UE use UTO-UCI to indicate which of the colliding CG PUSCH TOs is used and hence the other ones are unused. This can be an additional motivation for using UTO-UCI to indicate multiple CG configurations. We think all these can be good topics for Rel-19 XR discussions.
[bookmark: p4]Proposal 4: UTO-UCI can indicate which CG PUSCH TO of multiple colliding CG PUSCH TOs is used if UTO-UCI is extended to indicate CG PUSCH TOs of multiple CG configurations. This can be discussed in Rel-19 as UTO-UCI enhancements.

Conclusions
In this contribution, we have provided the following observations and proposals:
Proposal 1: Support the transmission of UTO-UCI in CG PUSCH in unlicensed bands when the CG PUSCH does not include CG-UCI. The support is based on a per band UE feature FG 50-2 for UTO-UCI.
Observation 1: There are cases that a DCI causes UL resources to become insufficient in future “not unused” CG PUSCH TOs for transmitting the remaining UL data in the CG period.
· Re-activation DCI grants lower MCS or less time and frequency resources in each CG PUSCH TO
· “Not unused” CG PUSCH TO is cancelled by SFI, UL cancellation indication in DCI format 2_4 or a PDSCH or PUSCH scheduled by dynamic grant.
Proposal 2: Solution to the insufficient UL resource issue caused by a DCI including CG re-activation DCI, SFI, UL cancellation indication or UL/DL dynamic grant can be discussed in Rel-19 as further UTO-UCI optimization for XR capacity enhancements.
Proposal 3: CG PUSCH repetition related enhancements including repetition for Rel-18 multi-PUSCH CG and one bit in UTO-UCI indicating a repetition bundle can be discussed in Rel-19.
Proposal 4: UTO-UCI can indicate which CG PUSCH TO of multiple colliding CG PUSCH TOs is used if UTO-UCI is extended to indicate CG PUSCH TOs of multiple CG configurations. This can be discussed in Rel-19 as UTO-UCI enhancements.
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