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1	Introduction
RAN1 has discussed and made some progress on the two objectives for CG enhancements:
	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);



This contribution discusses RAN2 impact on HARQ process ID determination with multiple CG occasions, UTO-UCI determination and potential impact of UTO-UCI on UL skipping.
2	Discussion
2.1	HARQ process ID determination with multiple CG occasions
The following agreements have been indicated in the LS from RAN1 [R1-2306233]:
	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.




We understood the HARQ process ID counts all the CG occasions including those unused ones since used/unused indication is not mentioned in the agreement. Even we do not see any issue with the agreement, so RAN2 could confirm the RAN1 agreements and capture it in MAC specification. 
Proposal 1: confirm the RAN1 agreement on HARQ process ID determination is fine also from RAN2 point of view and capture it in MAC specification.
2.2	UTO-UCI determination
Regardless of which option RAN1 selects to indicate unused CG PUSCH occasions by UTO-UCI, from MAC point of view, it requires to determine and indicate to PHY how many CG PUSCH occasions would be needed based on the data buffer size of the LCHs that can be mapped to the CG and the TBS of the CG. Then, PHY could set the corresponding bitmap of UTO-UCI based on the information and proceed the procedure of reporting of unused CG PUSCH occasions if configured.
Proposal 2: MAC indicates to PHY the number of required CG PUSCH occasions based on the buffer status and TBS of the CG configuration.
Besides, based on the latest RAN1 agreements, the CG PUSCH occasion(s) indicated as unused cannot be changed to used. Therefore, to avoid delay of newly arrival data, the UE should avoid an early indication of a CG PUSCH occasion as unused in the UTO-UCI. It can be achieved by indicating the unused occasion as late as possible, giving the NW enough process timing to reallocate the resources to other UEs.
Proposal 3: the UE should not set a CG occasion as unused too early, and the restriction details can be left to RAN1 to decide taking the NW processing time into account.
2.3	Impact of UL skipping on UCI indication 
Another aspect worth to clarify is the UE behavior when UL skipping is configured. RAN1 has made agreements on UCI transmission and PUSCH transmission:
	Agreement (RAN1#112b-e)
· 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.
Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.

Agreement (RAN1#113)
· When a CG PUSCH occasion is indicated as “unused”, the UE is not allowed to transmit CG PUSCH on that CG PUSCH occasion.
· For any other CG PUSCH occasion that is NOT indicated as “unused”, the UE is allowed to transmit or not to transmit CG PUSCH on that CG PUSCH occasion as per legacy specification. 
· No RAN1 specification impact




According to the current specification, in case there is UCI to be multiplexed on the CG PUSCH resource, MAC should generate a MAC PDU even when there is no data available for any LCG. If UTO-UCI is configured to be multiplexed onto CG PUSCH, MAC PDU should be generated even when there is no UL data which obviously does not make sense as it would be impossible to apply UL skipping. 
For example, if multiple CG PUSCH occasions per period are configured to one UE, due to UL traffic jitter, it is possible that at the beginning of the first CG PUSCH occasion, no application data has arrived at the UE’s buffer yet, as shown in Figure 1 below. The open issue is that whether UL skipping should be applied or not if the UTO-UCI is configured to be multiplexed onto the CG PUSCH occasion. 
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Figure 1 Example of late arrival of XR PDU set
In our understanding, according to current RAN2 specification, as the UTO-UCI needs to be sent, MAC has to generate one empty MAC TB and deliver to PHY which can be used for multiplexing UTO-UCI. Clearly this is not necessary since the UE will assume that all the CG PUSCH occasions will be used (since otherwise if it is indicted as unused it would cause delay for the late arrived data) and therefore, the reported UTO-UCI does not contain any new information comparing to the default assumption at gNB side that the configured CG PUSCH resources will be occupied unless there is “unused” indication from UE side. At least for this scenario, it makes sense that UE skips UL transmission.
Proposal 4: When other criteria for UL skipping is fulfilled, UE skips UL CG PUSCH transmission in case the UTO-UCI, which would be multiplexed on the CG PUSCH, does not contain any new information, i.e., UL skipping still applies for this case and the UE does not generate empty TB. 
Proposal 5: confirm the agreement “For any other CG PUSCH occasion that is NOT indicated as “unused”, the UE is allowed to transmit or not to transmit CG PUSCH on that CG PUSCH occasion as per legacy specification” is applicable to the CG occasions that have been indicated as not unused as well as the occasions that have not been indicated with any state yet.
3	Conclusion
This contribution discussed potential RAN2 impact on CG enhancements with the following proposals proposed:
Proposal 1: confirm the RAN1 agreement on HARQ process ID determination is fine also from RAN2 point of view and capture it in MAC specification.
Proposal 2: MAC indicates to PHY the number of required CG PUSCH occasions based on the buffer status and TBS of the CG configuration.
Proposal 3: the UE should not set a CG occasion as unused too early, and the restriction details can be left to RAN1 to decide taking the NW processing time into account.
Proposal 4: When other criteria for UL skipping is fulfilled, UE skips UL CG PUSCH transmission in case the UTO-UCI, which would be multiplexed on the CG PUSCH, does not contain any new information, i.e., UL skipping still applies for this case and the UE does not generate empty TB. 
Proposal 5: confirm the agreement “For any other CG PUSCH occasion that is NOT indicated as “unused”, the UE is allowed to transmit or not to transmit CG PUSCH on that CG PUSCH occasion as per legacy specification” is applicable to the CG occasions that have been indicated as not unused as well as the occasions that have not been indicated with any state yet.
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