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Introduction
In RAN#94-e meeting, the Rel-18 study item on XR enhancements was approved [1]. Further in the RAN1#109-e meeting, agreements were made on various candidate capacity enhancements for both dynamic grant based scheduling and semi-persistent scheduling.
[bookmark: _GoBack]Agreement
· For each candidate capacity enhancement technique for XR traffic, companies are encouraged to consider the following common principle for assessment of the candidate capacity enhancement technique:
· Identify the XR-specific issue(s) that the enhancement technique is addressing
· Identify the necessity of the enhancement technique to address the issues
· Identify whether/how the enhancements provide benefit/performance capacity gain.
· Consider at least feasibility, complexity, and system level performance evaluations in comparing the enhancement techniques. Power saving gains for a given enhancement technique can optionally be evaluated and considered in addition to these other aspects.
· The baseline scheduling scheme when comparing the proposed capacity enhancements techniques is:
· Dynamic scheduling and/or
· Semi-persistent scheduling / Configured grant scheduling
· Note: Companies are encouraged to additionally use DG scheduling as the baseline scheduling scheme when showing the capacity performance gain
Agreement
To study whether/how to support a candidate capacity enhancement technique for XR traffic based SPS/CG transmissions, companies are encouraged to consider the following studies:
· Study enhancements related to support of multiple PDSCHs SPS transmission occasions in a period
· Study enhancements related to multiple PUSCHs CG transmission occasions in a period
· Study enhancements related to dynamic adaptation of SPS/CG parameters/configurations
· Study enhancements related to non-integer periodicity for SPS/CG transmissions.
· Note: Other studies are not precluded, as well as the combination of the above studies.
Follow the common principle for assessment of the candidate capacity enhancement technique


























In this contribution we provide our views on XR specific capacity enhancements for SPS.
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XR services are known to have some unique traffic characteristics such as non-integer periodicity, time-varying packet size, quasi-periodic arrival time due to the presence of jitter, large file size. Since SPS was mainly designed for applications with fixed data rate, and known arrival time, XR traffic characteristics can pose some hurdles to SPS based PDSCH transmission. In this section we discuss the impact of XR specific traffic characteristics on SPS PDSCH transmission and how we can enhance SPS to better support XR services.
According to the XR traffic model, the packet size of the XR applications can be very larger. For e.g., for AR/VR application with data rate of 30Mbps and 60 frames per second, the mean packet size will be 62.5kB. If we assume a modest code rate, to completely transmit the packet to UE, transmission in multiple slots will be needed. Multiple SPS configuration is one way to transmit the XR, but the drawback of multiple SPS configuration is that we may need multiple PDCCH transmission for separately activating the multiple SPS configuration. This can have negative impact on the XR capacity and power performance. An effective way to avoid multiple PDCCH transmission is to schedule multi-PDSCH transmission using SPS. One way to add multi-PDSCH support for SPS without affecting the XR capacity and power performance is to modify the time domain resource allocation such that the time domain resources are allocated across multiple slots rather than a single TTI. Another enhancement that can be studied is adding a new field to SPS configuration which can be used to signal the UE to decode SPS PDSCH across multiple slots rather than a single slot. 
Proposal 1: Study solutions to support multi-PDSCH transmission using SPS.
XR traffic is characterized by the time varying packet size. Since the resources are allocated semi-statically in SPS, the configured SPS TB sizes may not always align with the incoming XR packet size. While the gNB can make provision for the varying packet size by allocating more resources to accommodate even the largest XR packet, the over-allocation of resources can lead to low system capacity, i.e., only a smaller number of UE’s can be supported per cell. Moreover, since the SPS transmission related parameters (e.g., TDRA, FDRA, MCS etc.) are semi-statically configured, the amount of data that can be transmitted at one SPS occasion is fixed, and it cannot be adapted to the varying channel conditions. Usually, the PDCCH that is used to activate the SPS carries the SPS transmission parameters along with the SPS activation signal. To change the SPS transmission parameters, one of the available methods is to transmit the modified parameters along with a SPS reactivation signal. Since the transmission parameters needs to be transmitted all over again, the control overhead can increase if SPS re-activation PDCCH is used to dynamically adapt the SPS parameters. One way to reduce the control overhead is by embedding the required control signaling within the SPS PDSCH transmission. This can help reduce unnecessary PDCCH transmission and at same time it can be used to modify the transmission parameters for an active SPS configuration.
Proposal 2: Study enhancements to support dynamic adaptation of SPS parameters
[bookmark: _Int_8XC2YzQ6][bookmark: _Int_tkqyF1wO]One of the main motivations of using SPS to transmit XR packets is the periodic nature of XR traffic. In XR traffic, most of downlink packets consists of video files whose arrival time is determined by the frame rate of the video. Since the typical frame rate takes values such as 30fps, 60fps etc., the periodicity of XR packets, which is taken as the inverse of frame rate, will generally be a non-integer value. But Rel-16/15 SPS only supports SPS periodicity of any integer of a slot. Due to this, there can arise a mismatch between the XR packet arrival time and SPS activation time. The mismatch can increase over time and can have adverse effects on the packet delay budget if not handled properly. It is therefore desirable to consider SPS enhancements to support non-integer periodicity for SPS.
Proposal 3: Study enhancements to support transmission of traffic with non-integer periodicity using SPS.
Conclusion
In this contribution we make the following proposals.
Proposal 1: Study solutions to support multi-PDSCH transmission using SPS.
Proposal 2: Study enhancements to support dynamic adaptation of SPS parameters.
Proposal 3: Study enhancements to support transmission of traffic with non-integer periodicity using SPS.
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