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1. Introduction
In RAN1 #112bis meeting, the multiple-PUSCHs CG for XR has been extensively discussed and concluded as following: 
	[bookmark: _Toc54284460]For TDRA design for multi-CG PUSCH, prioritize Alt-A1, Alt-B, and Alt-C2 for further downscoping and/or modification from corresponding agreement in RAN1#112.
· FFS: How to address TDD configuration issue

	· Option 1: For a CG PUSCH configuration, the UTO-UCI is included in every CG PUSCH that is transmitted (that is Option 1 in corresponding agreement in RAN1#112)
· FFS details

	The UTO-UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused”.
· FFS: Details including time duration/range
Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.


In this contribution we will discuss some issues related to the multiple-PUSCHs CG for XR from RAN2 perspective.  
2. Discussion
2.1 multiple-PUSCHs CG configuration
· Non-integer periodicity
The periodicity configuration for the multiple-PUSCHs CG need to be enhanced due the non-integer periodicity of the XR video traffic. In RAN2 #122 meeting, rational number based solution has been agreed for the DRX cycle configuration to support the non-integer periodicity. Considering the issue is almost the same, the similar solution could be used for the periodicity configuration for the multiple-PUSCHs CG..
Proposal 1: rational number based solution can be used for the periodicity configuration for multiple-PUSCHs CG 

· Special parameters for multiple-PUSCHs CG
Based on the potential TDRA design, the number of CG PUSCH transmission occasions in a period and/or the interval between two adjacent CG PUSCH transmission occasions could be configured by high layer differently for different TDRA alternatives. Moreover, for different types of CG, the configuration could be also different. For the Type 1 CG, all the special parameter for multiple-PUSCHs CG should be configured by high layer while only part of the special parameters should be configured by high layer.
Proposal 2: the number of CG PUSCH transmission occasions and/or the interval between two adjacent CG PUSCH transmission occasions in a period could be configured by high layer differently for different Types of CG and TDRA alternatives

2.2 Unused CG PUSCH transmission occasions indication
Due to jitter and non-integer periods, there are four basic cases of Unused CG PUSCH transmission occasions in actual usage after configuring multiple-PUSCHs CG as illustrated in Figure 1:
Case 1: Multiple consecutive CG PUSCH transmission occasions at the beginning are not used.
Case 2: Several CG PUSCH transmission occasions in the middle are not used.
Case 3: Multiple CG PUSCH transmission occasions at the end are not used.
Case 4: Insufficient configured or remaining CG PUSCH transmission occasions.


Figure1
According to the agreed solution in RAN1 for UTO-UCI, in each used CG PUSCH transmission occasion, a UTO-UCI should be included with a bitmap to indicate whether each followed up CG PUSCH transmission occasion will be used or not, while no UTO-UCI transmission in the any unused CG PUSCH transmission occasions. Based on this principle, we analyse how the UTO-UCI will be transmitted for each case.
Case 1: Multiple consecutive CG PUSCH transmission occasions at the beginning are not used
In this case, since Multiple consecutive CG PUSCH transmission occasions at the beginning are not used, UE can’t transmit a UTO-UCI with the CG PUSCH transmission in any of those occasions. As a consequence, gNB could only assume that all those front CG PUSCH transmission occasions will be used and can’t not reuse them. This situation will continue until a real CG PUSCH transmission with XR traffic data occurs. Obviously, it degrades the efficiency of the radio resources and is not desirable and acceptable.
As is well know, whether CG PUSCH transmission occasion is used or not is controlled by MAC. In order to transmit a UTO-UCI to indicate the following unused CG PUSCH transmission occasions in this case, a special BSR could be generated in MAC in UE to trigger the first CG PUSCH transmission occasion to be used. Based on the agreed solution in RAN1, a UTO-UCI could be transmitted along with the special BSR in the first CG PUSCH transmission occasion even there is no XR traffic data transmission.
Proposal 3: a special BSR or other MAC CE could be generated in MAC to trigger the first CG PUSCH transmission with the UTO-UCI when no XR traffic data for the first CG PUSCH transmission occasion

Case 2 and case 3: Several CG PUSCH transmission occasions in the middle or at the end are not used
Based on the agreed solution in RAN1, In these two cases, the UTO-UCI could be transmitted in any of the used CG PUSCH transmission occasions before the first unused CG PUSCH transmission occasion.

Case 4: Insufficient configured or remaining CG PUSCH transmission occasions
There are some cases where the CG resources are insufficient for the uplink XR traffic transmission. One case is that CG is not sufficient to transmit the XR traffic in some periods. Another case is that the remained CG is not sufficient due to some unused CG resources even if CG resources are over-configured. In those case, according to the current mechanism, UE could request one or more supplementary dynamic grants by a BSR for the remained XR traffic data transmission followed up the CG PUSCH occasions.
One issue for the supplementary DG could incur potential additional delay for the XR traffic transmission due to the Active time for DG is not followed up closely to the last CG PUSCH occasion as illustrated in Figure 2. This issue could more likely happen in the case where only few CG PUSCH occsasions are configured or the CG PUSCH is configured as retransmission-less CG during the dormant period. One straightforward method is that the BSR for the supplementary DG could be also used for a additional Active time which is followed up the last CG PUSCH occasion.


Figure 2
Proposal 4: a BSR could be used to request a supplementary DG and an optional Active time followed up the last CG PUSCH occasion in the case where CG resources are insufficient

2.3 Multiple PUSCH TOs for Data transmission
As we all know, multiple configured grant (CG) PUSCH transmission occasions (TO) in time domain should be configured in a period for the multiple-PUSCHs CG. On the other hand, as the discussion for BSR and DSR, the buffered PDU Sets could have different remaining time to be transmitted according the delay requirement and the arrival time of the PDU Sets. In order to diminish the transmission delay in Uu interface to fulfill the delay requirement, it is very reasonable to specify UE to transmit the buffered PDU Set in each TO based on the remaining time. For example, UE should assign the earlier TOs for PDU Sets with shorter remaining time and the later TOs for PDU Sets with longer remaining time.
Proposal 5: specify UE to transmit the buffered PDU Sets in each TO of the multiple-PUSCHs CG based on the remaining time.

3. Conclusion
In this contribution, we further discussed the multiple-PUSCHs CG for XR and provided some observations and our proposals as follows:
Proposal 1: rational number based solution can be used for the periodicity configuration for multiple-PUSCHs CG
Proposal 2: the number of CG PUSCH transmission occasions and/or the interval between two adjacent CG PUSCH transmission occasions in a period could be configured by high layer differently for different Types of CG and TDRA alternatives
Proposal 3: a special BSR or other MAC CE could be generated in MAC to trigger the first CG PUSCH transmission with the UTO-UCI when no XR traffic data for the first CG PUSCH transmission occasion
[bookmark: _Toc54284462]Proposal 4: a BSR could be used to request a supplementary DG and an optional Active time followed up the last CG PUSCH occasion in the case where CG resources are insufficient
Proposal 5: specify UE to transmit the buffered PDU Sets in each TO of the multiple-PUSCHs CG based on the remaining time.
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