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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
This paper will discuss configured grant enhancement for XR.

Discussion
Multiple CG PUSCH transmission occasions in a CG period
In the approved XR WID, there can be a case that multiple CG-PUSCH transmission occasions are supported in a CG period.
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);
-	Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s) (RAN2);
-	Delay reporting of buffered data in uplink (RAN2);
-	Discard operation of PDU Sets for DL and UL (RAN2, RAN3);
We understand that multiple CG PUSCH transmission occasions in a period can be used to resolve two different issues.
· Issue 1: Efficient transmission of the XR traffic with large size. 
· Issue 2: Non-integer period. One example is shown in Figure 1, to support 60fps for UL video, the periodicity is configured as 50ms instead of 50/3ms, and 3 CG PUSCH occasions are distributed in each 50ms. 


Figure 1: Multiple CG PUSCH occasions in a 50ms-period (60fps)
Since RAN1 has already discussed the details of the TDRA table determination, it would be better for RAN2 to wait for further RAN1’s progress on how to configure/determine the occasions of each CG PUSCH.
[bookmark: _Toc131761898]In the case that multiple CG PUSCH transmission occasions are supported in each CG period of a CG configuration, how to configure/determine these occasions depends on further RAN1’s progress.
Another issue is how to calculate HPI for each CG occasion in the case of multiple CG PUSCH transmission occasions configured in each CG period. Although RAN1 already has preliminary discussion, we think RAN2 can also input our own thinking since the HPI determination is specified in the RAN2 spec. 
In R17, HPI is calculated based on either of the following formulas:
	HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2
Based on the above formulas, the same HPI applies to multiple CG PUSCH occasions which are configured in one CG period. It results in MAC PDU being flushed unexpectedly. To resolve this issue, RAN2 should allow different HPI for those CG PUSCH occasions. Additionally, RAN2 should have some mechanism to avoid the HPI collision as much as possible for such a CG configuration, otherwise, it would lead to scheduling limitations to the gNB. Figure 2 is an example to elaborate on the HPI collision issue. In Figure 2, the HPI of the first PUSCH in a period is determined based on the legacy HPI calculation formula and the HPI of other PUSCH is an offset to the HPI of the first PUSCH. We can see that three identical HPIs collide in adjacent periods.


Figure 2: One example of the HPI collision
Thus, we understand RAN2 can consider either of the following to determine HPI for each CG occasion:
· Option 1: HPI of the first CG PUSCH occasion of one period is calculated similarly to R17. HPI of the other CG PUSCH occasion(s) in one period is an offset to the HPI of the first CG PUSCH occasion.
· Option 1-1: Apply periodicity divided by X instead of periodicity, where X is the number of configured PUSCHs in a period, or X is provided by RRC configuration.
· Option 1-2: Apply floor(CURRENT_symbol/periodicity) multiplied by X instead of floor(CURRENT_symbol/periodicity), where X is the number of configured PUSCHs in a period, or X is provided by RRC configuration. 
· Option 2: HPI of the first CG PUSCH occasion of one period is calculated similarly to R17. HPI of the other CG PUSCH occasion(s) of one period is selected by the UE implementation and contained in CG-UCI.
· Option 2-1: Apply periodicity divided by X instead of periodicity, where X is the number of configured PUSCHs in a period, or X is provided by RRC configuration.
· Option 2-2: Apply floor(CURRENT_symbol/periodicity) multiplied by X instead of floor(CURRENT_symbol/periodicity), where X is the number of configured PUSCHs in a period, or X is provided by RRC configuration. 
· Option 3: For each CG PUSCH occasion, HPI is selected by the UE implementation and contained in CG-UCI.
[bookmark: _Toc131761899]In the case that multiple CG PUSCH transmission occasions are supported in each CG period of a CG configuration, RAN2 considers either of the following to determine the HPI of each occasion.
· [bookmark: _Toc131761900]Option 1: HPI of the first CG PUSCH occasion of one period is calculated similarly to R17. HPI of the other CG PUSCH occasion(s) in one period is an offset to the HPI of the first CG PUSCH occasion.
· [bookmark: _Toc131761901]Option 1-1: Apply periodicity divided by X instead of periodicity, where X is the number of configured PUSCHs in a period, or X is provided by RRC configuration.
· [bookmark: _Toc131761902]Option 1-2: Apply floor(CURRENT_symbol/periodicity) multiplied by X instead of floor(CURRENT_symbol/periodicity), where X is the number of configured PUSCHs in a period, or X is provided by RRC configuration.
· [bookmark: _Toc131761903]Option 2: HPI of the first CG PUSCH occasion of one period is calculated similarly to R17. HPI of the other CG PUSCH occasion(s) of one period is selected by the UE implementation and contained in CG-UCI.
· [bookmark: _Toc131761904]Option 2-1: Apply periodicity divided by X instead of periodicity, where X is the number of configured PUSCHs in a period, or X is provided by RRC configuration.
· [bookmark: _Toc131761905]Option 2-2: Apply floor(CURRENT_symbol/periodicity) multiplied by X instead of floor(CURRENT_symbol/periodicity), where X is the number of configured PUSCHs in a period, or X is provided by RRC configuration.
· [bookmark: _Toc131761906]Option 3: For each CG PUSCH occasion, HPI is selected by the UE implementation and contained in CG-UCI.

BSR impact due to unused CG occasion indication in UCI
In the approved XR WID, the unused CG PUSCH transmission occasions can be indicated by the UE via UCI.
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);
-	Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s) (RAN2);
-	Delay reporting of buffered data in uplink (RAN2);
-	Discard operation of PDU Sets for DL and UL (RAN2, RAN3);
Once the existence of unused CG PUSCH occasion(s) is indicated via UCI in advance, the gNB can know uplink resources are over-allocated and LCH(s) associated with these CG occasions would have no remaining data to be transmitted. If that is the case, once BSR is contained in the first CG PUSCH occasion and UCI indicates the unused CG PUSCH occasion existing from the third occasion, there is no need to report the BS information of the LCH(s) associated with these CGs. For example, assume two LCGs (e.g. LCG1 and LCG2) have triggered BSR and LCG1 associates with such a CG configuration. If LCG1 still has the available data when the BSR is being built, and if the UE knows the unused resource existing in the subsequent CG PUSCH occasions in advance, it would be good not to report the BS of LCG1 and the UE can instead to report Short BSR.
[bookmark: _Toc131761907]In the case BSR is contained in a PUSCH which is multiplexed with a UCI that indicates in advance the existence of unused CG PUSCH occasion(s), RAN2 is suggested to consider the BSR reporting enhancement, i.e. not to report the BS of the LCG(s) associated with that/those CG PUSCH occasion(s).


Conclusion
We have the following proposals:
Proposal 1	In the case that multiple CG PUSCH transmission occasions are supported in each CG period of a CG configuration, how to configure/determine these occasions depends on further RAN1’s progress.
Proposal 2	In the case that multiple CG PUSCH transmission occasions are supported in each CG period of a CG configuration, RAN2 considers either of the following to determine the HPI of each occasion.
•	Option 1: HPI of the first CG PUSCH occasion of one period is calculated similarly to R17. HPI of the other CG PUSCH occasion(s) in one period is an offset to the HPI of the first CG PUSCH occasion.
-	Option 1-1: Apply periodicity divided by X instead of periodicity, where X is the number of configured PUSCHs in a period, or X is provided by RRC configuration.
-	Option 1-2: Apply floor(CURRENT_symbol/periodicity) multiplied by X instead of floor(CURRENT_symbol/periodicity), where X is the number of configured PUSCHs in a period, or X is provided by RRC configuration.
•	Option 2: HPI of the first CG PUSCH occasion of one period is calculated similarly to R17. HPI of the other CG PUSCH occasion(s) of one period is selected by the UE implementation and contained in CG-UCI.
-	Option 2-1: Apply periodicity divided by X instead of periodicity, where X is the number of configured PUSCHs in a period, or X is provided by RRC configuration.
-	Option 2-2: Apply floor(CURRENT_symbol/periodicity) multiplied by X instead of floor(CURRENT_symbol/periodicity), where X is the number of configured PUSCHs in a period, or X is provided by RRC configuration.
•	Option 3: For each CG PUSCH occasion, HPI is selected by the UE implementation and contained in CG-UCI.
Proposal 3	In the case BSR is contained in a PUSCH which is multiplexed with a UCI that indicates in advance the existence of unused CG PUSCH occasion(s), RAN2 is suggested to consider the BSR reporting enhancement, i.e. not to report the BS of the LCG(s) associated with that/those CG PUSCH occasion(s).
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