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1	Introduction
In this contribution, we discuss the following remaining issues on CG enhancements as well as clarify the behaviour on UL skipping:
-	How to specify rules for the determination of unused CG occasions
-	Whether to support non-integer periodicity for multi-PUSCH CG
2	Discussion
2.1	UTO-UCI determination rules
Wrt. the detailed specified rules, since the current buffer status and potential packet discard before the next CG occasions are known to the UE, those shall be considered when determining the UTO-UCI bits. While potential new coming data in the future is more or less up to UE implementation taking e.g. the jitter/periodicity into considering, thus it could be a guidance type of statement.
Proposal 1: The UE shall consider current buffer status and potential discard before the CG occasion when determining the UTO-UCI bits for each CG occasion.
Proposal 2: The UE may consider potential new data arrival if it could predict the data arrival based on the known periodicity and jitter.
Besides, whether the CG occasion will be available for new transmission due to CG timer obviously shall be considered as well when setting the UTO-UCI for the following occasions. If CG occasion is not available due the running CG timer, it shall be indicated as unused.
Proposal 3: The UE shall consider CG occasion availability based on CG timer status, i.e., the CG occasion with CG timer running shall be considered not available and indicated as unused in UTO-UCI.
Furthermore, NW processing time should be considered. Since the UE is not aware of the NW process time, it could be NW configured parameter which the NW could also consider as well the other aspects such as the mix of UE PUSCH processing times, USS configurations, and UL-DL slot patterns, etc. which is up to NW implementation.
Proposal 4: The UE shall set the UTO-UCI bit for a CG occasion as unused early enough taking NW processing time into account based on NW configured parameter (e.g., LatestTimeToReport).
Additionally, if UTO-UCI can be used to indicate the not unused/unused for CG configuration with PUSCH repetition. As per RAN1 discussions a bit in the UTO-UCI bitmap corresponds to a valid CG PUSCH TO, so that each TO can refer to initial transmission or repetitions (in case of legacy CG). Thus, if UE does not transmit the initial transmission and indicates it as unused, UE is not expected to transmit repetitions, thus the indication should be consistent for CG PUSCH TOs corresponding to repetitions related to that initial transmission. 
Proposal 5: UE shall set the UTO-UCI indication bits for the repetitions within the bundle in consistent manner in regards with indication bit of the initial transmission.  
TP for MAC:
	[bookmark: _Hlk141649612]If the MAC entity determines that a configured uplink grant is not going to be used for PUSCH transmission, it sends an indication to lower layers about this decision. 
The MAC entity shall consider the following aspects when setting the UTO-UCI bits:
· UTO-UCI bit shall be set to unused if no data to be transmitted on the CG occasion based current buffer status, potential discard before the CG occasion and TBS of the CG occasions;
· UTO-UCI bit shall be set to unused if the configuredGrantTimer is running for the HARQ process of the CG occasion;
· if REPETITION_NUMBER > 1, if the first transmission within a bundle is indicated as unused, repetitions within a bundle shall be indicated as unused; 
· UTO-UCI bit for a CG occasion shall be set to unused no later than LatestTimeToReport from when the UCI is transmitted.
The MAC entity may consider potential new data arrival based on predicated periodicity and jitter of the traffic when setting the UCI bits.
Editor’s Notes:  We will specify some factors that the UE should consider when determining how to set the UTO-UCI bits in the MAC.  FFS which ones we know for sure the UE shall consider.


2.2	non-integer periodicities
It was brought up during the running CR review that whether non-integer periodicities should be supported for CG as well similar to DRX. With the introduction of multiple CG occasions and UCI indication, it is possible to configure the CG occasions more frequently than the traffic periodicity and the UE only uses those needed based on data availability. It also could cope with potential jitter better. Besides, since it is already possible to achieve the desired pattern if needed with multiple CG configurations, it does not seem to be essential to support at this stage. 
Besides, taking TDD configurations into account, it would be impossible to have CG occasions according to the adjusted pattern anyway. Note that it was touched in the SI phase in RAN1, but not included as part of the WI. 
Proposal X: do not introduce non-integer periodicities for CG configurations at least for Rel-18.
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. 

[image: ]
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 7: 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 8: 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: The UE shall consider current buffer status and potential discard before the CG occasion when determining the UCI bits for each CG occasion.
Proposal 2: The UE may consider potential new data arrival if it could predict the data arrival based on the known periodicity and jitter.
Proposal 3: The UE shall consider CG occasion availability based on CG timer status, i.e., the CG occasion with CG timer running shall be considered not available and indicated as unused in UCI.
Proposal 4: The UE shall set the UCI bit for a CG occasion as unused early enough taking NW processing time into account based on NW configured parameter (e.g., nwProcessingTime).
Proposal 5: UE shall set the UTO-UCI indication bits for the repetitions within the bundle with indication bits of the first transmission. 
Proposal 6: do not introduce non-integer periodicities for CG configurations at least for Rel-18.
Proposal 7: 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 8: 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.
TP for MAC:
	If the MAC entity determines that a configured uplink grant is not going to be used for PUSCH transmission, it sends an indication to lower layers about this decision. 
The MAC entity shall consider the following aspects when setting the UTO-UCI bits:
· UTO-UCI bit shall be set to unused if no data to be transmitted on the CG occasion based current buffer status, potential discard before the CG occasion and TBS of the CG occasions;
· UTO-UCI bit shall be set to unused if the configuredGrantTimer is running for the HARQ process of the CG occasion;
· if REPETITION_NUMBER > 1, if the first transmission within a bundle is indicated as unused, repetitions within a bundle shall be indicated as unused; 
· UTO-UCI bit for a CG occasion shall be set to unused no later than LatestTimeToReport from when the UCI is transmitted.
The MAC entity may consider potential new data arrival based on predicated periodicity and jitter of the traffic when setting the UCI bits.
Editor’s Notes:  We will specify some factors that the UE should consider when determining how to set the UTO-UCI bits in the MAC.  FFS which ones we know for sure the UE shall consider.
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