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1. Introduction
In the RAN #98e-meeting [1], the WID for XR capacity enhancement has been approved, and the scope of XR were shown in the following:
	Specify the enhancements related to power saving:
-	DRX support of XR frame rates corresponding to non-integer periodicities (through at least semi-static mechanisms e.g. RRC signalling) (RAN2).
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);
-	BSR enhancements including at least new BS Table(s); (RAN2);
-	Delay reporting of buffered data in uplink; (RAN2);
-	Provision of XR traffic assistance information for DL and UL (e.g. periodicity); (RAN2);
-	Discard operation of PDU Sets (RAN2);

Specify the enhancements for XR Awareness (RAN2, RAN3): TBD (detailed objectives will be further clarified at RAN#99 based on the conclusions of TR38.835, and work to be started only after RAN#99)



In last RAN1 meeting [2], several issues for XR specific capacity have been discussed and the following agreements were made: 
Agreement
· 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.
Agreement
When UTO-UCI and HARQ-ACK are jointly encoded, HARQ-ACK bit sequence is concatenated after UTO-UCI bit sequence, by reusing the same mechanism adopted for joint encoding of CG-UCI and HARQ-ACK.
Conclusion
There is no consensus on the following proposal:
Introduce a new RRC parameter UTO-UCI-Multiplexing (similar to cg-UCI-Multiplexing) to enable/disable joint coding of HARQ-ACK and UTO-UCI in a CG PUSCH with the UTO-UCI.
Conclusion
For Type-1 and Type-2 multi-PUSCH CG configuration, Type-A repetition is NOT supported in Rel-18.
Agreement
For a multi-PUSCH CG configuration, the range value of the higher layer parameter indicating number of consecutive slots (N in previous agreements) is:
· Max value=16 or 32
· Up to UE capability
· Min value=2

Agreement
For a CG configuration with UTO-UCI indication enabled:
· For the range value for the RRC parameter Nu (Nu is the size of bit-map): (3, …, 8).

Conclusion
There is no consensus to introduce RRC parameter UTO_offset. This over-rides earlier RAN1 agreements.

Conclusion
Extending the UTO_UCI indication by CG PUSCH(s) of a CG configuration to CG PUSCH(s) of other CG configuration(s) is not supported in Rel-18.

Agreement
The following TP with stage 2 description for physical layer enhancements is endorsed in principle for TS 38.300. Send an LS to RAN2.
-----------------< Start of TP>--------------------
16.X.4	Capacity
16.X.4.1	Physical Layer Enhancements
The following enhancements for configured grant-based PUSCH transmission are introduced:
-	Support of multiple CG PUSCH transmission occasions within a single period of a CG configuration
- 	Indication of unused CG PUSCH occasion(s) of a CG configuration with Uplink Control Information multiplexed in CG PUSCH transmission of the CG configuration.
-----------------< End of TP>--------------------
Agreement
Select one of the following options:
· Option 1: Introduce a new capability to indicated maximum number of multi-PUSCH CG configurations (at least 2) per BWP of a serving cell and across all serving cells
· FG 50-1 as pre-requisite.
· FG 11-9 NOT as pre-requisite
· Option 2: Introduce a new capability to indicated maximum number of multi-PUSCH CG configurations (at least 2) per BWP of a serving cell and across all serving cells. The maximum number should not exceed the corresponding maximum number of CG configurations indicated by FG 11-9.
· FG 50-1 as pre-requisite.
· FG 11-9 as pre-requisite
· Option 3: Maximum number of multi-PUSCH CG configuration per BWP of a serving cell is one.
In this contribution, we provide our views on remaining issue on XR specific capacity enhancements techniques. 
2. Discussion
[bookmark: OLE_LINK4][bookmark: OLE_LINK3]Traffic characteristics of XR services were intensively studied in the Rel-17 RAN1 meetings, and the DL/UL traffic models for the video stream and Pose/control for XR and cloud gaming services were agreed. Based on the outcomes of the studies so far, the following characteristics [3] of the XR traffic are identified and should be considered for the potential enhancements of NR to support XR.
· Non-integer periodicity
[bookmark: _GoBack]In RAN1 meetings of Rel-17, it was agreed that 60 frame per second (fps) is baseline for both DL and UL video stream and 30 fps, 90 fps as well as 120 fps can be also optionally evaluated. Based on the arrival time of packet with 30 fps, 60fps, 90fps, 120fps per second, the corresponding periodicities are {33.33ms, 16.67ms, 11.11ms, 8.33ms} respectively. It’s not an integer periodic of symbol or slot. 
· Jitter of packet arrival time
As agreed in RAN1 meeting in Rel-17, a truncated Gaussian distribution is used to model the jitter of DL and UL video stream for XR services. The range of jitter is agreed to be [-4, 4]ms (baseline) and [-5, 5]ms (optional). This means the XR packets may arrive at gNB or UE within a time window of total 8ms or 10ms length, and the exact arrival time is not known in advance. 
· Low latency and large packet size
To provide good experience of XR, the latency of XR traffic should be as low as possible. As agreed in RAN1 meetings in Rel-17, air interface PDB for DL video stream is as follows. 
VR/AR
· 10ms 
CG
· 15ms
According to the agreed traffic model in Rel-17, mean packet size is very large. Taking AR/VR 60Mbps as example, mean packet size is 125000 bytes. This is very different from R-15/6 URLLC or eMBB services. For URLLC, one of the most challenge is latency, and for eMBB, one of the most challenge is high transmission data. However, for XR services, both high transmission rate and low latency should be satisfied.
· Varying packet size
In Rel-17 RAN1 meeting, parameters of Truncated Gaussian distribution for packet size of DL video stream in case of single stream evaluation has been agreed and is shown below. We can observed that the packet size of XR is not fixed. 
· [STD, Max, Min]: [10.5, 150, 50]% of Mean packet size
· Multiple flows
For an XR application, there might be multiple data streams. Multiple streams may have different traffic characteristics, requirements and priorities. 
Observation 1: XR services have the following characteristics. 
· The non-integer periodicity
· Jitter of packet arrival time
· Low latency and large packet size
· Varying packet size
· Multiple flows
UTO-UCI using to indicate the un-used TOs within a CG configuration
[bookmark: OLE_LINK1]As the XR traffic is generated periodically, with low latency and vary packet size, to support XR traffic via CG is one straightforward way to reduce the scheduling delay thanks to no SR and BSR procedure. For XR traffic with large packet, a PUSCH transmission occasion within a CG configuration is not enough to transmit a whole packet, in addition, as the CG resources is semi-statically configured to UE, due to lack the information of the XR packet, then gNB need to configure enough number of TOs within a CG period to make sure a XR packet can be carried whole. However, this may be lead resources oversupplied. To handle of this issue, the un-used TOs within a CG configuration can be indicated to gNB via a UTO-UCI, then gNB can scheduling the resources reserved for the un-used TOs to other UEs. Some companies were proposed that the UTO-UCI can indicate un-used TOs within multiple CG periods in previous meetings. In our view, due to UE doesn’t know the packet size arrived in the next period, thus, a UTO-UCI use to indicate the un-used TOs within multiple CG periods is not a reasonable way, and it only can be used to indicate the un-used TO within a CG period. 
In addition, the purposes of the un-used TO indication is to let gNB know which TOs within a CG configuration is released, then the gNB can scheduling the corresponding resource to other UEs, due to the processing time of gNB, a time offset later than the location where the UTO-UCI sent is needed, and the time offset can be configurable.
Proposal 1: Support a UTO-UCI use to indicate the un-used TOs within a CG period. 
[bookmark: OLE_LINK2]Proposal 2: For the UTO-UCI to indicate un-used TOs within a CG period, a time offset later than the location where the UTO-UCI sent is needed. 

Multiple CG configurations and multi-PUSCH CG configurations capabilities
For XR services, as show in above, there might be multiple data streams and each stream may have different traffic characteristics, requirements and priorities. A CG configuration with multiple-PUSCH transmissions occasions cannot to match more than one streams. To handle of this, the most straightforward way is to configure multiple CG configurations，and each CG configuration with multi-PUSCH transmission occasions. In addition, to minimum impact of the current specification, the maximum number of multi-PUSCH CG configurations should not exceed the corresponding maximum number of CG configurations indicated by FG 11-9. As a result, we have the following proposal. 
Proposal 3: Introduce a new capability to indicated maximum number of multi-PUSCH CG configurations (at least 2) per BWP of a serving cell and across all serving cells. The maximum number should not exceed the corresponding maximum number of CG configurations indicated by FG 11-9.
· FG 50-1 as pre-requisite.
· FG 11-9 as pre-requisite
Other enhancements on capacity performance for XR
As agreed in Rel-17 RAN1 meeting, a truncated Gaussian distribution is used to model the jitter of DL and UL video stream for XR services. The range of jitter is agreed to be [-4, 4]ms (baseline) and [-5, 5]ms (optional). This means the XR packets may arrive at gNB or UE within a time window of 8ms or 10ms length, and the exact arrival time is not known in advance. When the XR traffic is arrived before the first TOs within a CG transmission, then UE can transmit a PUSCH on the following TOs within a CG configuration. However, when the XR traffic is arrived after the first TOs within CG transmission occasion, the remaining TOs within a CG configuration may not be enough to carry a packet whole, then scheduling delay will be caused for transmission the remaining portion of the packet if dynamic scheduling mechanism is used. To handle of this, enabling UE to indicate several additional TOs after the end of configured TO within the CG period or activating more than one CG configurations simultaneously similar as Rel-16 URLLC can be considered. 
Proposal 4: Additional TOs after the end of the configured TO within a CG period and activate more than one CG configurations simultaneously can be considered. 
3. Conclusion
In this contribution, the following observations and proposals have been made:
Observation 1: XR services have the following characteristics. 
· The non-integer periodicity
· Jitter of packet arrival time
· Low latency and large packet size
· Varying packet size
· Multiple flows 
Proposal 1: Support a UTO-UCI use to indicate the un-used TOs within a CG period. 
Proposal 2: For the UTO-UCI to indicate un-used TOs within a CG period, a time offset later than the location where the UTO-UCI sent is needed.
Proposal 3: Introduce a new capability to indicated maximum number of multi-PUSCH CG configurations (at least 2) per BWP of a serving cell and across all serving cells. The maximum number should not exceed the corresponding maximum number of CG configurations indicated by FG 11-9.
· FG 50-1 as pre-requisite.
· FG 11-9 as pre-requisite
Proposal 4: Additional TOs after the end of the configured TO within a CG period and activate more than one CG configurations simultaneously can be considered. 
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