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Introduction
In WI on XR was concluded in RAN1#114 by completing all functionalities for the support of “multi-PUSCH CG” transmissions. This contribution considers a few maintenance issues for those functionalities.


Maintenance Issues
A UE multiplexes UTO-UCI in a CG-PUSCH associated with the CG configuration for which the UTO-UCI indicates used/unused TOs for CG-PUSCH transmissions. Also, UTO-UCI is multiplexed in a same manner as CG-UCI. Further, for multiplexing/encoding purposes, if the UE additionally multiplexes HARQ-ACK in the CG-PUSCH, UTO-UCI and HARQ-ACK are considered same UCI for the corresponding priority (same as for the CG-PUSCH). Those agreements mean that no additional consideration is needed for the case of overlapping among PUCCHs/PUSCHs with different priorities. That will also not cause any operational issues as, in case a UE can have transmissions with different priorities, CG-PUSCHs used for low latency/high reliability video traffic will typically have the higher priority. Therefore, similar to CG-UCI, there is no need to consider moving the multiplexing of UTO-UCI into another PUSCH or into a PUCCH.  

Observation 1:  Existing specifications for UTO-UCI multiplexing are complete including the case of overlapping among PUSCHs/PUCCHs with different priorities.


The jitter associated with the generation of traffic for video coders means that associated CG-PUSCH transmissions from a UE can occur at any TO. That is not known in advance and can be different in different periods. Haptic traffic would also have similar characteristics for non-deterministic TOs with CG-PUSCH transmissions. Additionally, the UE has CG-PUSCH transmissions associated with other CG configurations with different periodicities for audio or pose/control information. The above mean that collisions among CG-PUSCH transmissions associated with video, audio, and pose/control information are not possible to avoid even in FDD (unless detrimental restrictions are assumed, TOs for CG-PUSCH transmissions associated with different CG configurations would overlap in a slot). 

One way to avoid the collisions can be to rely on the UE implementation to resolve the collisions and determine the CG-PUSCH to transmit. For example, a UE can prioritize video traffic over audio traffic. However, if the gNB does not know the UE behavior, the gNB will have to be designed to receive each of the overlapping CG-PUSCHs that can have different MCS or non-identical TDRA/FDRA. That is undesirable and unnecessary. The situation is similar to the one for SPS PDSCH transmission in Rel-16 IIoT where a collision resolution procedure is defined based on the index of each configuration and can be directly reused for collisions of CG-PUSCH transmissions.

Proposal 1: Extend the collision resolution procedure for SPS PDSCHs to CG-PUSCHs.


For the maximum number of multi-PUSCH CG configurations per BWP of a serving cell, the following options were identified.
	Agreement
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.



At least for Rel-18, option 3 is sufficient based on the SI and the justification for the WI. As a second preference, option 1 could also be acceptable. There is no reason to link the maximum number of multi-PUSCH CG configurations to legacy CG configurations, link corresponding FGs, and therefore option 2 is not justifiable.  

Proposal 2: The maximum number of multi-PUSCH CG configuration per BWP of a serving cell is one.


Finally, since an indication of CG PUSCH occasion as “unused” cannot be switched to “used”, when a CG-PUSCH transmission is dropped due to collisions or, more likely, when a respective TB is incorrectly received, a DG-PUSCH transmission with the TB will typically need to be in a same slot as a CG-PUSCH TO and the UE will drop the CG-PUSCH in the TO. If the UE dimensions the number of used TOs based on the packet size and cannot change a previously indicated “unused” TO into a “used” TO in order to compensate for lost “used” TOs, the packet will fail. It should therefore be possible for the UE to indicate a number of “used” CG-PUSCH TOs that is larger than the minimum number of CG-PUSCH TOs the UE requires to provide a packet in a CG-PUSCH period.

Observation 2:  Specification for the determination of “used”/“unused” CG-PUSCH TOs is unnecessary, can be detrimental, and should be up to the UE implementation.


Conclusions
This contribution considered maintenance issues for supporting “multi-CG PUSCH” and proposes the following.

Proposal 1: Extend the collision resolution procedure for SPS PDSCHs to CG-PUSCHs.

Proposal 2: The maximum number of multi-PUSCH CG configuration per BWP of a serving cell is one.


In addition, the following observations are made. 

Observation 1:  Existing specifications for UTO-UCI multiplexing are complete including the case of overlapping among PUSCHs/PUCCHs with different priorities.

Observation 2:  Specification for the determination of “used”/“unused” CG-PUSCH TOs is unnecessary, can be detrimental, and should be up to the UE implementation.


References
[1]. [bookmark: _Ref134799315]Chairman’s Notes RAN1#114, Toulouse, France, August 21st – 25th, 2023.

Page 1
