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Introduction
In the RAN#98-e meeting, a new WI on XR Enhancements for NR was approved [1], and the objectives related to RAN1 are summarized as follows:
	Specify the enhancements related to capacity:
-	Multiple 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 UCI by the UE (RAN1);



In this contribution, we provide our views on XR-specific capacity enhancements.   
Discussion
1.1 UTO-UCI
In RAN1#113, the following agreements on UTO-UCI were agreed:
	Agreement
For a CG configuration with UTO-UCI indication enabled, to determine the indicated CG PUSCH by a UTO-UCI indication, consider the following options for further down-selection:
· Option A-1a: 
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt-2: one or multiple of CG periodicity given by integer values (n=1, 2, ..)
· The starting time of the first period of UTO periodicity starts at the same as starting time of the first period of the CG configuration and ends after UTO_period. The next UTO period(s) are followed after the first UTO period.
· A transmitted CG PUSCH that is confined within a UTO period, carries UTO-UCI that is applicable to the CG PUSCH TOs within the UTO period.
· Option A-2a:
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt -2: one or multiple of CG periodicity given by integer values (n=1, 2, ..)
· Configure the RRC parameter UTO_offset. 
· FFS range value of UTO_offset 
· The starting time of the first period of UTO periodicity starts at the same as starting time of the first period of the CG configuration and ends after UTO_period. The next UTO period(s) are followed after the first UTO period.
· A transmitted CG PUSCH that is confined within a UTO period, carries UTO-UCI that is applicable to the CG PUSCH TOs within the UTO period and after UTO_offset from the end of the transmitted CG PUSCH.
· Option B-a:
· Configure the RRC parameter UTO_period.
· FFS range value of UTO_period
· Alt-1: values in time unit (e.g., XR traffic periodicity)
· Alt -2: one or multiple of CG periodicity given by integer value (n=1, 2, ..)
· UTO_offset is the offset value. 
· Alt-1: UTO_Offset is provided by configuration.
· FFS range value of UTO_offset 
· Alt-2: UTO_Offset = 0
· A transmitted CG PUSCH carries UTO-UCI that is applicable to the valid CG PUSCH TOs that are confined within UTO_period starting with UTO_offset from the end of the transmitted CG PUSCH. 
· Option B-b2:
· Configure the RRC parameter Nu (Nu is the size of bit-map)
· FFS range value of Nu
· UTO_offset is the offset value. 
· Alt-1: UTO_Offset is provided by configuration.
· FFS range value of UTO_offset 
· Alt-2: UTO_Offset = 0
· A transmitted CG PUSCH, carries UTO-UCI that is applicable to the Nu consecutive and valid CG PUSCH TOs, starting with UTO_offset from the end of the transmitted CG PUSCH.
· FFS on whether/how to extend to multiple CG configurations



One of the differences among the options for UTO-UCI is whether the UTO-UCI is used to indicate the TOs in a fixed window (i.e., option A-1a and option A-2a) or in a sliding window (i.e., option B-a and option B-b2). In our view, if the indication of a sliding window is used, UE may have to indicate the unused CG PUSCH TOs in next CG period. Considering the semi-periodicity characteristic of XR traffic, it is difficult that UE can know whether the TOs in next CG period will be used or not before the traffic packet arriving. One possible method to solve this issue is that UE indicate the undetermined TOs as “non-unused” TOs in the UTO-UCI, and update the indication in the subsequent UTO-UCI once UE made decision. However, if the indication is always confined in a fixed time window, e.g., within a CG periodicity, UE is not necessary to determine the TOs in next CG period, and the overhead caused by such useless indication can be avoided. 
Another open issue is whether an offset should be applied to the first indicated TO. In our view, if a TO is too close to the UTO-UCI (e.g., smaller than the processing and scheduling delay), the indication of this TO is meaningless because it is not possible to re-schedule the unused resource to other UEs. Fig. 1 gives an example of the time instance when a CG PUSCH occasion can be reused by another UE. As indicated in the figure, the earliest reusable CG PUSCH occasion should start not earlier than Tproc,2 after the end of an available transmission occasion of a scheduling DCI. Therefore, whether a specific unused CG PUSCH occasion can be reused is associated with the frame structure and the assumption of Tproc,2. If the number of the actually required CG PUSCH occasion is small (e.g., one or two in the following figure), it is possible that one of more CG PUSCH occasions before the time instance is unnecessary for transmitting a MAC PDU set. However, since these unnecessary CG PUSCH occasions cannot be reused by other UE, transmitting the information of the unnecessary CG PUSCH occasions in the UCI is meaningless. In order to save the overhead and improve the detection performance, it is beneficial to apply a time offset to the first indicated TO. Therefore, we have the following proposal:
Proposal 1: support option A-2a, and do not support UTO periodicity is larger than one CG periodicity, i.e., support Alt-1 with a value of time unit not larger than a CG periodicity.




Fig.1 An example of the time relation of the UCI, scheduling DCI and the time instance after that an unused CG PUSCH occasion can be reused (i.e., only the unused CG PUSCH occasions after T0, if any, can be reused)

Another issue related to the multi-PUSCHs CG is the PUSCH preparation time when a DG-PUSCH would overlap in time with a CG-PUSCH. In the existing specification, an additional PUSCH cancellation time is needed if the overlap would happen. However, if the CG PUSCH occasion is already indicated as unused by the UCI before gNB has sent the scheduling DCI, the additional cancellation time is not needed. 
Proposal 2: support enhancement on PUSCH preparation time of DG-PUSCH, in case that a high priority DG-PUSCH indicated by a scheduling DCI would overlap in time with a low priority CG-PUSCH occasion, and the low priority CG-PUSCH occasion is indicated as unused before the scheduling DCI.

Conclusion
In this contribution, we discuss the XR specific capacity enhancements, and the following proposals are made:
Proposal 1: support option A-2a, and do not support UTO periodicity is larger than one CG periodicity, i.e., support Alt-1 with a value of time unit not larger than a CG periodicity.
Proposal 2: support enhancement on PUSCH preparation time of DG-PUSCH, in case that a high priority DG-PUSCH indicated by a scheduling DCI would overlap in time with a low priority CG-PUSCH occasion, if the low priority CG-PUSCH occasion is indicated as unused before the scheduling DCI.
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