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Introduction
In RAN#94-e meeting, the Rel-18 study item on XR enhancements was approved[1]. According to the new SID, the objectives of the study are as follows:
	Objectives on XR-awareness in RAN (RAN2):
· Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of.
· Study how the above information aids XR-specific traffic handling.
Objectives on XR-specific Power Saving (RAN1, RAN2):
· Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc...). Focus is on the following techniques:
· C-DRX enhancement.
· PDCCH monitoring enhancement.
Objectives on XR-specific capacity improvements (RAN1, RAN2):
· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms:
· SPS and CG enhancements;
· Dynamic scheduling/grant enhancements.



During the Rel-17 XR study[2], extensive evaluations were conducted to assess the performance of XR applications from various perspectives, including capacity and power saving. Specifically, for the XR capacity evaluation, it was observed that the XR traffic parameters such as data rate, packet delay budget, etc., have some impact on the XR performance. Some enhancements are required to better support XR applications.
Semi persistent scheduling (SPS) is a good candidate for downlink transmission of XR packets due to the periodic nature of XR traffic. One of the main advantages of using SPS based transmission is that, when compared with dynamic grant-(DG) based scheduling, SPS reduces the overhead of control signaling. In DG scheduling, the gNB has to transmit scheduling information for each PDSCH transmission occasion. While for SPS based PDSCH transmission, the scheduling related information is transmitted to the UE by gNB only in the initial SPS transmission occasion. For the subsequent SPS transmission occasion, the UE reuses the initial SPS transmission parameters. However, if SPS is used for transmitting XR traffic, there needs to be some SPS enhancements to better serve XR specific traffic characteristics.
In this contribution, we present our views on potential semi-persistent scheduling (SPS) enhancements for the supporting XR services.
[bookmark: _Hlk510705081]Discussion
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.
[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, the periodicity of XR traffic 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 1: Study enhancements to support transmission of traffic with non-integer periodicity 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. Hence, dynamic adaptation of SPS parameters needs to be studied.
Proposal 2: Study enhancements to support dynamic adaptation of SPS parameters
Jitter is an another XR characteristic which can have impact on the system performance. In XR, the packet arrival is quasi-periodic due to the presence of jitter, which is caused by various network processing delay. When SPS is used to transmit XR packet, and since the SPS has a fixed periodicity, the presence of jitter can affect the performance of XR applications. For e.g., if the gNB considers the max jitter and configures the SPS transmission to happen after the arrival of the packet, the latency experienced by the packet will increase and this will lead to the XR packet violating the packet delay budget. Therefore, SPS enhancements for jitter compensation should be studied further.
Proposal 3: Study enhancements for SPS to handle jitter.
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. Since Rel-16/15 SPS only supports PDSCH transmission in a single slot, multi-PDSCH support for SPS needs to be studied.
Proposal 4: Study solutions to support multi-PDSCH transmission using SPS
Conclusion
In this contribution we provide our views on potential SPS enhancements for XR. Based on this we suggest the following proposals:
Proposal 1: Study enhancements to support transmission of traffic with non-integer periodicity using SPS.
Proposal 2: Study enhancements to support dynamic adaptation of SPS parameters.
Proposal 3: Study enhancements for SPS to handle jitter.
Proposal 4: Study solutions to support multi-PDSCH transmission using SPS.
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