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Introduction 
This paper discusses remaining issues on CG enhancements.
Discussion
Multi-PUSCH CG
Currently periodicities of CG configurations are all integer valued. We think this limitation needs to be reconsidered for multi-PUSCH CGs, especially the type-2 ones. 
Multi-PUSCH CGs are introduced so that their transmission occasions can better match data arrival patterns of XR traffic (periodic bursts). However, if XR traffic has non-integer periodicity but the CG configured for it does not, there will be mismatches between traffic arrival instances and CG transmission occasions, even if the CG periodicity has fine granularity. Those mismatches are periodic (recurring) and create unnecessary UL access latency. It is the same issue that motivated RAN2 to introduce non-integer periodicity for DRX configuration.
Observation 1. If XR traffic has non-integer periodicity but the CG configured for it does not, there will be mismatches between traffic arrivals and CG occasions, creating unnecessary UL access latency. 
One may argue that multiple CG configurations with integer periodicity can be configured to handle the mismatch, in the same fashion as how multiple DRX cycles can be configured as one of the options to handle mismatches between XR traffic and DRX configuration. For example, if XR traffic is 60 fps, network may configure 3 CG configurations, each of which has a periodicity of 50 msec. However, for certain frame rates, a large number of such configurations are required. For example, if frame rate is 90 or 45 fps, then 9 such configurations are required. 
Observation 1.	If multi-PUSCH CG has only integer periodicity, for certain frame rates (e.g. 90 fps), a large number of configurations may be needed to minimize the mismatch between CG occasions and traffic arrivals.
Too many CG configurations, especially type 2 CGs, can cause high signaling overhead. For example, whenever network needs to reconfigure CGs, it has to issue twice the number of DCIs to deactivate and then reactivation them. Such reconfigurations can be triggered by changes in traffic rate or link quality, which can happen often in XR use cases. 
Observation 2. 	Having too many CG configurations may cause high signaling overhead, due to reconfigurations triggered by frequent changes in traffic rate or link quality in XR use cases. 
Therefore, based on the above observations, we think it is desirable to support non-integer periodicity for multi-PUSCH CGs. 
Proposal 1. 	Support non-integer periodicity for multi-PUSCH CG.
From technical perspective, what is required to support non-integer periodicity for multi-PUSCH CG is very similar to the problem of DRX cycle mismatch. Since RAN2 have already studied different options for the DRX problem extensively and finally agreed on the solution of using rational number DRX cycle, we think it is desirable to apply the same solution to multi-PUSCH CGs, e.g. define non-integer periodicity in ratio of two integer numbers, add floor operation to the formula for determining CG occasions in time domain, etc. That will help avoid redundant discussions and save valuable meeting times. 
Proposal 2.  	Apply the same solution for non-integer DRX cycle to multi-PUSCH CG, e.g. define its non-integer periodicity in ratio of two integer numbers, add floor operation to the formula for CG occasion determination.
UTO-UCI
At the last RAN2 meeting, a number of factors were proposed for UE to determine whether a CG occasion is to be unused or not [1][2][3]. 
One of them is CG timer. More specifically, if a CG timer is running, then UE is not able to use CG occasions within the duration of the timer. Those CG occasions should be considered unusable. However, in our view, network is aware of an ongoing CG timer for a HARQ process. That is because probability of miss detection is very low, for practical purposes it is sufficient to assume that network is always aware of an ongoing CG timer at UE.  As a result, it does not matter whether UE indicates those occasions as unused or not. 
Observation 3. 	Network is aware of that a CG occasion is unused when it overlaps with a running CG timer, regardless of whether UE sends unused indication or not.   
Another factor proposed is end of data burst or empty buffer, i.e. all CG occasions after end of data burst should be indicated as unused. This proposal may sound reasonable in theory. However, identification of end of data burst is either up to UE implementation or has to rely on indication from higher layers. Empty buffer may not be a reliable condition. For instance, jitter within a data burst can create a temporary period of empty buffer. But this temporary empty buffer does not necessarily imply that there will be no more data in the data burst.
Observation 4.	Empty buffer is not a reliable way to determine end of a data burst. Other methods based on end of data burst typically are up to UE or application implementation. 
Another factor is to use buffer occupancy level to determine whether CG occasions in a time window will be used or unused. Again, we do not think whether a CG occasion will be unused can be reliably predicted. For example, suppose UE determines a CG occasion is to be unused based on the current buffer occupancy level and the total amount of CG PUSCH resources available in the time window. However, if new data arrives within the time window and extra PUSCH resources are needed, UE will not be able to revert unused CG occasions to not unused. Not every traffic flow in UL-centric XR applications can be reliably predicted, especially those generated by humans. 
Observation 5. 	Since not every UL XR traffic flow can be predicted, it is not reliable to use current buffer occupancy level to determine whether CG occasions in an upcoming time window will be unused or not unused. 
Other factors include methods based on predicted/expected traffic arrival events, based on the periodic nature of XR traffic. We think those options are even more infeasible, because of the amount of specification efforts that it would require. 
We therefore think that it is more pragmatic to leave it to UE implementation how to determine whether a CG occasion is to be unused or not unused. 
Proposal 3.  	It is up to UE implementation to determine whether a CG occasion is to be unused or not unused. 
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 4. 	There is no timeline requirement on when UE needs to determine if a CG occasion is not going to be used.
Conclusion
Multi-PUSCH CG
Observation 1.	If multi-PUSCH CG has only integer periodicity, for certain frame rates (e.g. 90 fps), a large number of configurations may be needed to minimize the mismatch between CG occasions and traffic arrivals.
Observation 2. 	Having too many CG configurations may cause high signaling overhead, due to reconfigurations triggered by frequent changes in traffic rate or link quality in XR use cases. 
Proposal 1. 	Support non-integer periodicity for multi-PUSCH CG.
Proposal 2.  	Apply the same solution for non-integer DRX cycle to multi-PUSCH CG, e.g. define its non-integer periodicity in ratio of two integer numbers, add floor operation to the formula for CG occasion determination.
UTO-UCI
Observation 3. 	Network is aware of that a CG occasion is unused when it overlaps with a running CG timer, regardless of whether UE sends unused indication or not.   
Observation 4.	Empty buffer is not a reliable way to determine end of a data burst. Other methods based on end of data burst typically are up to UE or application implementation. 
Observation 5. 	Since not every UL XR traffic flow can be predicted, it is not reliable to use current buffer occupancy level to determine whether CG occasions in an upcoming time window will be unused or not unused. 
Proposal 3.  	It is up to UE implementation to determine whether a CG occasion is to be unused or not unused.
Proposal 4. 	There is no timeline requirement on when UE needs to determine if a CG occasion is not going to be used.
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