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1. Introduction
In RAN#99, updated WID on XR enhancements was approved [1], and the following objectives were specified regarding XR-specific capacity improvements.
	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);


In RAN1#113, RAN1 sent LS [2] to RAN2 about the following agreement regarding HARQ process ID determination for multi-PUSCHs CG. 
	Agreement
From RAN1 perspective, for determination of HARQ process IDs associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH:
· The HARQ process ID for the first configured PUSCH in a period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured, and applying the following formula, whichever is applicable
· HARQ Process ID = [X*floor( (CURRENT_symbol ) / periodicity)] modulo nrofHARQ-Processes
· HARQ Process ID = [X*floor((CURRENT_symbol ) / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· X= the number of configured PUSCHs in the CG period

· The HARQ process ID of the remaining configured and valid CG PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period by one with module operation with nrofHARQ-Processes or module operation with (nrofHARQ-Processes + harq-ProcID-Offset2), whichever applicable.
· Note: A configured CG PUSCH is invalid if the CG PUSCH is dropped due to collision with DL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or SSB.



In this contribution, we provide the discussion on this LS.
2. Discussion
For legacy CG that supports only one PUSCH occasion within a period, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equations.
	HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes
HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2
If this equation is applied directly to multi-PUSCHs CG, the same HARQ process ID is calculated for all PUSCH occasions in a same period. In this case, the HARQ retransmission process may not work well due to the collision of HARQ process ID. From this aspect, the above agreement seems to be useful to assign a different HARQ process ID to each PUSCH occasion of multi-PUSCHs CG. However, we have concerns about how the HARQ process IDs of the remaining CG PUSCHs (i.e., not the first configured CG PUSCH) are determined, especially when harq-ProcID-Offset2 is configured.
[image: ]In Figure 1, Case 1 shows an example of HARQ process IDs determined according to the method described in the LS. In Case 1, the HARQ process ID could be calculated as 0 or 1 even when harq-ProcID-Offset2 = 2 is configured. However, the purpose of introducing harq-ProcID-Offset2 in Rel-16 was to separate the HARQ process ID pools of multiple CG configurations. This means when harq-ProcID-Offset2 = 2 is configured, HARQ process ID 0 or 1 may be used by another CG configuration. Therefore, the current method may result in HARQ process ID collisions between multiple CG configurations.
Figure 1: Examples of HARQ process ID determination for multi-PUSCHs CG
Observation 1:	The purpose of introducing harq-ProcID-Offset2 in Rel-16 was to separate the HARQ process pools of multiple CG configurations.
Observation 2:	The HARQ process IDs determined by the method described in the LS may conflict between multiple CG configurations.
To address this issue, the following equations can be defined to determine the HARQ process IDs of both the first and the remaining PUSCHs in the CG period.
	HARQ Process ID = [X*floor(CURRENT_symbol / periodicity) + I ] modulo nrofHARQ-Processes
HARQ Process ID = [X*floor(CURRENT_symbol / periodicity) + I ] modulo nrofHARQ-Processes + harq-ProcID-Offset2
where X = the number of configured PUSCHs in the CG period and I = the index of the configured PUSCHs in the CG period. The index I is set to 0 for the first configured CG PUSCH and incremented by one for the remaining CG PUSCHs. By applying the proposed equations, only HARQ process IDs 2 to 5 are used, as shown in Case 2 of Figure 1, thus avoiding HARQ process ID collisions between multiple CG configurations.
Proposal 1:	To avoid HARQ process ID collisions between multiple CG configurations, the following equations can be defined to determine the HARQ process IDs of both the first and the remaining CG PUSCHs.
· HARQ Process ID = [X*floor(CURRENT_symbol / periodicity) + I ] modulo nrofHARQ-Processes
· HARQ Process ID = [X*floor(CURRENT_symbol / periodicity) + I ] modulo nrofHARQ-Processes + harq-ProcID-Offset2
where X = the number of configured PUSCHs in the CG period and I = the index of the configured PUSCHs in the CG period.
3. Summary and proposal
In this contribution, we discussed how to determine HARQ process ID for multi-PUSCHs CG and provided the following observations and proposal.
Observation 1:	The purpose of introducing harq-ProcID-Offset2 in Rel-16 was to separate the HARQ process pools of multiple CG configurations.
Observation 2:	The HARQ process IDs determined by the method described in the LS may conflict between multiple CG configurations.
Proposal 1:	To avoid HARQ process ID collisions between multiple CG configurations, the following equations can be defined to determine the HARQ process IDs of both the first and the remaining CG PUSCHs.
· HARQ Process ID = [X*floor(CURRENT_symbol / periodicity) + I ] modulo nrofHARQ-Processes
· HARQ Process ID = [X*floor(CURRENT_symbol / periodicity) + I ] modulo nrofHARQ-Processes + harq-ProcID-Offset2
where X = the number of configured PUSCHs in the CG period and I = the index of the configured PUSCHs in the CG period.
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