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1. Introduction
The following objectives are captured in the WID on XR enhancements for NR [1]: 
	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 this contribution we discuss the configuration and parameters for multi-PUSCH CG and dynamic indication of unused CG PUSCH occasions.
2. Discussion
2.1. Configuration and parameters for multi-PUSCH CG
CG configurations are useful for XR traffic since pose information and video traffic generally consist of periodic UL transmissions. CG allows for minimizing the overhead (e.g., by avoiding SR/BSR) during each data transmission occasion. In legacy, CG can be configured via RRC and activated (e.g., via RRC or DCI) based on the knowledge of traffic pattern at gNB. In this case, the parameters of CG (e.g., periodicity, start offset, grant size per occasion) can be configured in the UE to align with the traffic pattern. 
When supporting XR traffic in UL, the video encoder at the UE may generate video frames at different frame rates (e.g., 60fps, 90fps). The generated video frames may consist of variable size PDU sets (e.g., variable number of PDUs per PDU set) or data bursts at each periodic occasion. For supporting such traffic, the WID includes an objective to specify multiple CG PUSCH transmission occasions in a CG period.
During UL transmission, multiple PDUs in a PDU set may need to be delivered in multiple TBs within a PSDB. The different TBs may be delivered in multiple PUSCH occasions, where each PUSCH occasion can consist of multiple symbols. For ensuring that the different TBs are delivered within the delay bound, each slot in a CG period can be configured with one or multiple PUSCH occasions. In this case, when multiple slots are associated with a single CG period (e.g., in a TDD frame), each CG period can contain multiple PUSCH occasions. Such configuration for multi-PUSCH CG can be done with RRC signalling as per legacy. Figure 1 illustrates the multi-PUSCH CG configuration. 
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Figure 1: An illustration of multi-PUSCH CG configuration consisting of 4 consecutive PUSCH occasions per slot and 2 slots per CG period.

The time domain resource allocation (TDRA) framework for Rel-16 NR-U CG supports multiple PUSCH occasions per slot and multiple slots in a CG period. However, in Rel-16 such parameters can be configured only when configuring the cg-RetransmissionTimer, associated with HARQ and autonomous retransmission. For multi-PUSCH CG enhancements for XR traffic, the parameters related to the number of PUSCH occasions per slot and number of slots per CG period can be configured independent of the cg-RetransmissionTimer. The discussions related to the applicable TDRA framework for multi-PUSCH CG are ongoing in RAN1. RAN2 can wait for RAN1’s conclusion before discussing the details on whether existing semi-static parameters can be reused or new parameters are to be introduced for configuring multi-PUSCH CG.  
Proposal 1: 
RAN2 to wait for RAN1 conclusion before discussing on the configuration parameters for supporting multi-PUSCH CG.
2.2. Dynamic indication of unused CG PUSCH occasion(s)
When the multi-PUSCH CG is configured semi-statically, there is a likelihood for a subset of the PUSCH occasions in a CG period to be more than necessary. For ensuring that the CG PUSCH occasions are not over-provisioned for a UE and that any excess PUSCHs can be reallocated for other UEs in need of the resources, the UE can dynamically indicate any unused PUSCH occasions. The discussions on the UCI that can be used for indicating the unused PUSCH occasions are ongoing in RAN1. 
RAN2 can discuss the aspects related to how the MAC in UE can determine the number of used/unused PUSCH occasions when configured with multi-PUSCH CG. Since any of the unused PUSCH occasions can be reallocated by the network to other UEs, from resource efficiency and capacity perspective, it is important to discuss the procedure that enables having a uniform way for determining the usage of PUSCH occasions among different UEs, and not to leave it UE implementation.
The MAC layer in UE takes the data from the logical channels to build the transport blocks (TBs) that are then delivered to the PHY layer for transmitting the TBs using multiple PUSCH occasions. The size (e.g. in terms of bits) of each PUSCH occasion in a CG period can be determined based on the configured time-frequency resources. The UE can determine the number of used/unused PUSCH occasions based on the payload sizes of PDUs of PDU sets in the LCHs and remaining delay with respect to PSDB, for example. For ensuring that it is beneficial for both the network and the UE, a criteria/rule can be considered such that only minimal number of PUSCH occasions in a CG period are used when transmitting the PDUs of PDU sets within PSDB. 
Proposal 2: 
Determination of the unused CG PUSCH occasions in multi-PUSCH CG is not left to UE implementation. FFS on the criteria/rule for determining unused PUSCH occasions. 
3. Conclusion
In this contribution, the following proposals are made:
Proposal 1: 
RAN2 to wait for RAN1 conclusion before discussing on the configuration parameters for supporting multi-PUSCH CG.
Proposal 2: 
Determination of the unused CG PUSCH occasions in multi-PUSCH CG is not left to UE implementation. FFS on the criteria/rule for determining unused PUSCH occasions. 
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