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1. [bookmark: _Toc18413600][bookmark: _Toc18403966][bookmark: _Toc18404533]Introduction
During the study item it was agreed to support multiple CG occasions in one CG period for XR capacity improvement[1]. And in the XR WID[3], the following objective has been included:
-	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 RAN#99 meeting, retransmission-less CG was also discussed, and it has been concluded to be discussed in RAN2 XR session. 
In this contribution, we will discuss the above issues and give our proposals.
2. Discussion
Multiple Configured Grant (CG) PUSCH transmission occasions in a CG period is mainly used to transmit multiple TBs in one CG period. To some extent, it can be seen as a CG enhancement. 
2.1 Multiple CG occasions configuration
In the current NR specification, two types of configured grant are supported, i.e., CG Type 1 and CG Type 2. The enhancement of CG can be finalized with the hypothesis of either CG Type 1 or CG Type 2.
· For the CG type1: the UL grant is fully configured by RRC message; Usually, multiple UL grants configured by RRC is feasible.
· For the CG type2, the UL grant is scheduled by DCI. Whether DCI can schedule multiple UL grants for multiple CG occasions should be evaluated in RAN1.
Proposal 1: Multiple CG occasions in a CG period is supported for CG Type 1; Whether Multiple CG occasions in a CG period is supported also for CG Type 2 is left to RAN1.
For multiple CG occasions in a CG period, the start of the CG occasion can be the start of the CG, which can follow the legacy CG start determination. The subsequent CG occasions can be decided based on an interval from the preceding CG occasion (e.g. the interval between two adjacent CG occasions in one CG periodicity). For flexibility, the interval of two adjacent CG occasions in one CG periodicity should be configurable. Furthermore, the number of CG occasions in one CG periodicity should also be configured to decide the CG resource number.
Proposal 2: In addition to the legacy CG configuration parameters, the interval of two adjacent CG occasions and the number of CG occasions in one CG period should be additionally configured to support multiple CG PUSCH transmission occasions.
2.2 Dynamic indication of unused CG occasion(s) 
When configuring the CG resource, it is difficult to accurately predict the number CG occasions. If the CG occasions are configured more than necessary, some of the configured CG occasion(s) may be wasted. In this case, the UE can send information about the unused CG occasion(s) to the gNB to release these extra configured resources. Usually, UE MAC entity can know whether the data has been transmitted completely and some CG occasions will not been used, but the L1 entity cannot decide this, so that L1 can set the UCI for the unused CG occasions, UE MAC entity should send the information about the unused CG occasions to lower layer(e.g. L1).
Proposal 3: UE MAC entity decides the unused CG occasions, and sends the information to lower layer (e.g. L1).
Considering the UCI maybe retransmitted and the transmission delay cannot be avoided, the number of unused CG occasion(s) or the time indication(e.g. SFN, slot number) after which the CG occasion(s) will be released should be explicitly indicated to gNB, so that gNB can decide which CG occasion(s) are to be released. 
Proposal 4: UE should explicitly indicate the number of unused CG occasion(s) or the time (e.g. SFN, slot number) after which the CG occasion(s) will be unused.
Considering that the periodicity of XR traffic pattern is usually is semi-static, if some CG occasions are not used in one CG period, it is highly possible that same number of CG occasions will not be used in the subsequent CG periods. This information can be predicted by UE based on the historical statistics information. To avoid frequent UCI delivery for unused CG occasions, UE can indicate the number of CG periods that the information of unused CG occasions will apply.
Proposal 5: UE can indicate the number of CG periods that the information of unused CG occasions will apply.
2.3 HARQ Process ID determination for CG occasion(s)
In the current specification, HARQ process ID is determined per CG period, e.g. there is only one HARQ process ID for the CG resource in one CG period, this is not efficient for the case that multiple CG occasions are configured in one CG period. For example, if transmission in one CG occasion fails, all the PDUs transmitted in the period should be re-transmitted, even if some of them has already transmitted successfully. To avoid this, different HARQ process ID should be used for different CG occasion. So that HARQ process ID determination is backwards compatible with the legacy HARQ process ID determination, and different HARQ process ID should be used for different CG occasion, the HARQ process ID for Mth CG occasion in the Nth CG periodicity can be determined by the following:
	HARQ Process ID = [nrofCG-Occasions * (N-1) + M-1] modulo nrofHARQ-Processes + harq-ProcID-Offset 
Wherein:
· nrofCG-Occasions is the number of CG occasions in one CG periodicity, configured by gNB(e.g. sent from gNB to UE).
· N, M are positive integer.
· nrofHARQ-Processes is the number of configured HARQ processes for the CG and/or CG occasions, configured by gNB(e.g. sent from gNB to UE).
· harq-ProcID-Offset is the offset of HARQ process, configured by gNB(e.g. sent from gNB to UE), which is used to determine the minimal HARQ process ID used for the CG and/or CG occasions.
Proposal 6: When multiple CG occasions are configured in one CG period, HARQ Process ID determination should be updated so that different HARQ process IDs can be used for different CG occasions and different CG periodicity.
2.4 Retransmission-less CG
The retransmission-less CG is mainly proposed to deal with the XR pose service with small periodicity(e.g. 4ms). But in the SA4 reply LS on Pose Information for XR[4], it is captured that “as a first estimate it can be assumed that sending a viewer pose aligned with the frame rate of the rendered video may be sufficient, for example at 60fps”, thus, the necessity to send XR pose service with small periodicity(e.g. 4ms) should be re-evaluated. 
Observation 1: SA4 assumes that sending a viewer pose aligned with the frame rate of the rendered video may be sufficient, for example at 60fps.
If RAN2 agrees to support retransmission-less CG for XR pose information with small periodicity(e.g. 4ms) , to minimize the specification work, the HARQ modeB currently used for NTN should be reused for TN to avoid starting the drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL Timer, so that UE can enter C-DRX “OFF” state.
Proposal 7: The HARQ modeB currently used for NTN can be reused for TN if RAN2 confirms that enhancements for XR pose service with small periodicity are necessary.
3. Conclusion
[bookmark: _Toc18413612][bookmark: _Toc18404543][bookmark: _Toc18403976]Proposal 1: Multiple CG occasions in a CG period is supported for CG Type 1; Whether Multiple CG occasions in a CG period is supported also for CG Type 2 is left to RAN1.
Proposal 2: In addition to the legacy CG configuration parameters, the interval of two adjacent CG occasions and the number of CG occasions in one CG period should be additionally configured to support multiple CG PUSCH transmission occasions.
Proposal 3: UE MAC entity decides the unused CG occasions, and sends the information to lower layer (e.g. L1).
Proposal 4: UE should explicitly indicate the number of unused CG occasion(s) or the time (e.g. SFN, slot number) after which the CG occasion(s) will be unused.
Proposal 5: UE can indicate the number of CG periods that the information of unused CG occasions will apply.
Proposal 6: When multiple CG occasions are configured in one CG period, HARQ Process ID determination should be updated so that different HARQ process IDs can be used for different CG occasions and different CG periodicity.
Observation 1: SA4 assumes that sending a viewer pose aligned with the frame rate of the rendered video may be sufficient, for example at 60fps.
Proposal 7: The HARQ modeB currently used for NTN can be reused for TN if RAN2 confirms that enhancements for XR pose service with small periodicity are necessary.
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