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Introduction 
In this paper, we discuss configuration aspects of multi-PUSCH CG and upper-layer enhancements for supporting UTO-UCI for unused CG occasions.
Discussion
Multi-PUSCH CG
One issue that has not been discussed in neither RAN1 nor RAN2 so far is possible values of periodicity of multi-PUSCH CG. One of the key motivations for introducing multi-PUSCH CG is that only a single CG configuration is needed to support XR traffic with periodic data bursts. However, it is well known by now that XR traffic has non-integer periodicity. That does not match with the current values of CG periodicity (all of them are integers). As a result, there can be misalignment between data arrivals and PUSCH occasions of a multi-PUSCH CG. Such misalignments can lead to increased UL latency and/or wasted radio resources.
Proposal 1.  	Support non-integer periodicity for multi-PUSCH CG. 
Technically, this issue is very similar to the problem of DRX cycle mismatch that was discussed in the last few RAN2 meetings. Since RAN2 have already agreed on a solution for the DRX problem, we think it is desirable to apply the same approach (i.e. introduce new non-integer DRX cycles defined as ratios of rational numbers) to the periodicity of multi-PUSCH CGs. That will help avoid redundant discussions and save valuable meeting times. 
Proposal 2.  	Periodicity of multi-PUSCH CGs can include non-integer values defined as ratio of rational numbers, in the same way as how new non-integer DRX cycles are defined.
Indication of unused CG occasions
Generally speaking, it is MAC and higher layer that determine whether UE has UL data to send or not or any data can be sent over a configured grant or not. We thus think that functionalities to support indication of unused CG occasions should be split between MAC and PHY layers.
More specifically, MAC determines whether there will be UL data to send over an upcoming CG occasion. If none, MAC sends an indication to PHY layer to inform this determination. It is then the responsibility of PHY layer to generate UTO-UCI and multiplex it in a PUSCH transmission.  
Proposal 3.	MAC determines whether there will be UL data to send over an upcoming CG occasion and inform PHY of this determination via cross-layer indication.
How UE makes that decision obviously depends on smart UE implementation, as it involves prediction on future traffic arrivals. 
Proposal 4.	How MAC determines whether an CG occasion will be used or not is up to UE implementation.
For the same reasons, given the uncertainty in future traffic arrivals, it is difficult for UE to make the determination following some mandatory timeline, e.g. N slots before the corresponding CG occasion. 
Proposal 5. 	There is no timeline requirement on when UE needs to determine if a CG occasion is not going to be used.
A scenario related to intra-UE prioritization is that a UTO-UCI may be deprioritized by another UCI with higher priority. In such a case, to avoid misunderstanding between network and UE, absence of UTO-UCI in a CG PUSCH transmission should be interpreted as that UE may use the corresponding CG occasion(s).
Proposal 6.	If UTO-UCI is absent in a CG PUSCH transmission (e.g. due to intra-UE prioritization), network should consider the corresponding CG occasion(s) as “not unused”, unless that occasion(s) has already been indicated as “unused”.
When Rel-16 enhanced UL skipping is configured, if a UCI overlaps with a PUSCH occasion, then UE is required to multiplex the UCI on that PUSCH, even if UE has no data eligible to use that PUSCH (i.e. a dummy TB has to be sent). This behavior is inefficient for UE but saves gNB from blind decode both PUCCH and PUSCH in the same slot.
However, if skipping indication for CG is configured for a UE, then this inefficient can be avoided. More specifically, if UE has a UCI whose PUCCH occasion overlaps with a CG occasion and does not have any UL data eligible for the CG occasion, UE sends UL skipping indication before the CG occasion. Then network knows UE will not transmit anything over PUSCH, and it needs to decode only PUCCH. For UE, it can still transmit the UCI over PUCCH and no PUSCH transmission is required. This behavior eliminates the decoding ambiguity at gNB side and is more power efficient for UE than the Rel-16 behavior. 
Proposal 7.  	If UE has a UCI (e.g. HARQ feedback or CSI) overlapping with a CG occasion and does not have any UL data eligible for that occasion, UE can send UTO-UCI before that occasion and transmit the UCI over PUCCH, i.e. UE is not required to transmit over PUSCH in this case.
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:

Proposal 1.  	Support non-integer periodicity for multi-PUSCH CG. 
Proposal 2.  	Periodicity of multi-PUSCH CGs can include non-integer values defined as ratio of rational numbers, in the same way as how new non-integer DRX cycles are defined.
Proposal 3.	MAC determines whether there will be UL data to send over an upcoming CG occasion and inform PHY of this determination via cross-layer indication.
Proposal 4.	How MAC determines whether an CG occasion will be used or not is up to UE implementation.
Proposal 5. 	There is no timeline requirement on when UE needs to determine if a CG occasion is not going to be used.
Proposal 6.	If UTO-UCI is absent in a CG PUSCH transmission (e.g. due to intra-UE prioritization), network should consider the corresponding CG occasion(s) as “not unused”, unless that occasion(s) has already been indicated as “unused”.
Proposal 7.  	If UE has a UCI (e.g. HARQ feedback or CSI) overlapping with a CG occasion and does not have any UL data eligible for that occasion, UE can send UTO-UCI before that occasion and transmit the UCI over PUCCH, i.e. UE is not required to transmit over PUSCH in this case.
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