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1. Introduction
Rel-18 Work Item for XR enhancements in NR was approved in RAN#98-e [1]. Multiple enhancements related to the system capacity are being specified in RAN1 and RAN2 including enhancement for Configured Grant configuration and introducing the support of Configured Grant configuration with multiple PUSCH transmission occasions in a period of a single CG configuration and the dynamic indication of unused CG PUSCH occasion(s) based on UCI. The HARQ process ID determination for a CG with multiple PUSCH transmission occasions has been addressed in previous meetings. Some remaining enhancements could be discussed and specified for CG configuration to better support the XR traffic.
In this Tdoc, we discuss and propose some techniques to specify these enhancements.

1. Periodicity of Multiple PUSCH CG 

With the current Rel-18 design, there is a periodicity mismatch between the XR traffic periodicity and the CG configuration periodicities. The current design can compromise the latency and reliability of the XR traffic as the XR traffic arriving at the UE buffer might need to wait for the start of the CG periodicity to be transmitted which will impact the latency of the traffic and also its reliability as the remaining delay budget might not be enough to carry any required retransmissions. 
The issue can be solved by configuring multiple CG configurations with different start offsets to serve the same XR traffic. However, the current design of multi-PUSCH CG is based on the main assumption that the XR traffic will be served by a single CG configuration and even the UTO-UCI indication is not supported across CGs in Rel-18 as agreed in RAN1. 
For the use of multiple CG configurations, assuming 60 fps, 3 CG configurations with different start offsets are necessary (50/3 = 16.67 ms) but for other frame rates like 72 fps (125 / 9 = 13.88) 9 CG configurations with different start offsets will be needed for one XR flow. Then, if we consider two or more video flows or additional audio or pose/control flow with different characteristics, the number of CG configurations required will be very large.  Also the UTO-UCI indication which is based on a sliding window will not work as two consecutive video frames will be served with two different CG configurations and the UTO-UCI indication across CG configurations is not currently supported in Rel-18 according to the RAN1 agreement. 
Hence, there is need to introduce non-integer periodicities for multi-PUSCH CG same as done for the design of C-DRX with non-integer periodicities to match the XR packet arrival times.

Proposal 1: Similar to the non-integer C-DRX cycles, support non-integer periodicites for CG configurations in Rel-18 to accommodate XR traffic.

2. Dynamic Indication of Unused CG PUSCH occasions 
In RAN1, it was agreed that the UTO-UCI indication from the UE to the network should remain consistent and that the UE cannot alter a previous indication of a PUSCH occasion from “Unused” to “Used”, however it can alter an indication from “Used” to “Unused” in order to not impact the network scheduling as decision could have been made to recycle an unused occasion to schedule other UEs. 
For the case of intra-UE prioritization, and if the UTO-UCI is deprioritized by another higher priority UCI and the UTO-UCI is not transmitted by the UE, the network can rely on the previous indication and assume that the same UTO-UCI indication from the previous PUSCH transmission is kept the same. 
If because of intra-UE prioritization, the UTO-UCI is not transmitted on the first PUSCH occasion of the CG cycle, the network can assume that all CG PUSCH occasions are going to be used by the UE until an UTO-UCI is received.

Proposal 2: For intra-UE prioritization, and if the UTO-UCI is deprioritized by another higher priority UCI, network can rely on the UTO-UCI from the previous PUSCH transmission. 
It is up to UE implementation to determine which CG PUSCH occasions are going to be used or unused and then the UE signals this information to the network in the UTO-UCI. However, this should be done by the UE at the MAC entity and higher layers based on the available data on each LCH. The MAC entity has visibility about the UL data to be transmitted on CG configurations and about the mapping of the data from each LCH to each CG configuration, therefore it is in a better position to decide about the used/unused CG occasions and about the content of the UTO-UCI.  
MAC should also continue to inform the PHY about the new UTO-UCI prior to each CG PUSCH transmission as the UTO-UCI can be altered to change some indications from ‘used’ to ‘unused’.
Proposal 3: The MAC Entity to decide about the content of the UTO-UCI and transmit the information to PHY to be multiplexed on CG PUSCH occasions.
The UE benefits from using the multi-PUSCH CG feature for its UL AR traffic because it imrpvoes latency. Dynamic scheduling adds latency due to the SR mechanism. The UE may not seem to have a rason to idnicat that PUSCH occasions are not used, but the gNB can adjust and reduce the number of CG occasions of the multi-PUSCH CG configuration if it observes that the UE is not using some occasions and does not indicate them as unused. This will penalize the UE UL AR traffic as the UE needs to rely on dynamic scheduling in that case to accomodat the extra traffic hence penalizing the latency of its traffic. 
 
Proposal 4: The indication in the UTO-UCI for PUSCH CG occasion(s) as used/unused is left to the UE implementation
The UE can rely on the end of data burst (EoDB) indication to decide if the data burst is entirely received at the UE buffer and to assist the UE decision about the CG PUSCH occasions that can be indicated as unused. However, this could be left to UE implementation and there is no need to specify the use of EoDB to derive the UTO-UCI. 

Proposal 5: The use of EoDB indication to derive UTO-UCI can be left to UE implementation  
Conclusion
In this contribution, we have presented several proposals for the configured enhancements to support the XR traffic:

Proposal 1: Similar to the non-integer C-DRX cycles, support non-integer periodicites for CG configurations in Rel-18 to accommodate XR traffic.
Proposal 2: For intra-UE prioritization, and if the UTO-UCI is deprioritized by another higher priority UCI, network can rely on the UTO-UCI from the previous PUSCH transmission. 
Proposal 3: The MAC Entity to decide about the content of the UTO-UCI and transmit the information to PHY to be multiplexed on CG PUSCH occasions.
Proposal 4: The indication in the UTO-UCI for PUSCH CG occasion(s) as used/unused is left to the UE implementation

Proposal 5: The use of EoDB indication to derive UTO-UCI can be left to UE implementation  
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