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In the previous RAN1 meetings, traffic models and evaluation methodologies for XR services were studied, and the system level evaluation were submitted in the Rel-17 XR SI. The evaluation results showed that the current NR specification may not support XR services well, at least in the aspects of capacity, power consumption, mobility and coverage. The scope of potential Rel-18 enhancement for XR was discussed in the email discussion before RAN94-e and a draft SID is proposed in [1], the proposed objectives of XR topic in Rel-18 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, e.g. [the QoS flow association, frame-level QoS, ADU-based QoS, XR specific QoS].
· Study how the above information aids XR-specific traffic handling.
Cooperation is needed with the corresponding study work of SA2 //add latest SA2 reference

Objectives on XR-specific Power Saving (RAN1, RAN2):
· Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, jitter, latency, reliability, etc...):
· C-DRX enhancement.
· PDCCH monitoring enhancement.
· [Further candidate techniques can be added here, if consensus is found to add it]

Objectives on XR-specific capacity considerations (RAN1, RAN2):
· Study mechanisms that provide more efficient resource allocation and scheduling for XR services:
· Enhancement to SPS and CG;
· Enhancement for dynamic grants.
· [Further candidate techniques can be added here, if consensus is found to add it]

In this paper, we discuss our views on the scope of Rel-18 XR topic.
Discussion
Traffic characteristics of XR services were intensively studied in the previous 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 in Rel-17, the following characteristics of the XR traffic are identified to be quite different from the traditional eMBB and URLLC services, and should be considered for the potential enhancements of NR to support XR:
· Non-integer periodicity: For a DL/UL video stream traffic, typically there will be 60, 90, or 120 frames per second (i.e., 60/90/120 FPS). It means the XR packets will arrive at RAN every 1/60, 1/90 or 1/120 second, respectively. However, the periodicity of SPS/CG and the DRX cycle in current specification can only be an integer number of slots. Therefore, it is not possible to configure a SPS/CG periodicity and a DRX cycle to match the XR packet arrival time perfectly. If the periodicity of SPS/CG or DRX cycle is configured to an integer number of slots, there will be a mismatching gap between XR packet arrival time and the nearest SPS/CG occasions or DRX on duration, and the gap will be accumulated over time and the PDB requirement will be difficult to match. 
· Jitter of packet arrival time: for a DL or UL video stream, there is a jitter effect for the data packet arrival time. It means the arrival time of a particular packet is unpredictable for gNB or UE. As agreed in RAN1#104-e [4] and RAN1#104b-e [5], 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. 
· Delay budget: transmission of the video and pose/control packets with low latency is very critical for XR service to provide good user experience. Packet Delay Budget (PDB) is used as a KPI for the evaluation of the air interface delay for XR services. It is defined as the time duration from the time XR packets arrive at gNB/UE to the time that the packets are successfully delivered. In RAN1#104-e, it is agreed the air interface PDB for video stream in the evaluation should be 10ms for AR/VR and 15ms for cloud gaming. 
· Large and varying packet size: many of the XR services are bandwidth hungry applications. For a high quality video stream, a video frame usually has a large size, e.g., around 1M bits per frame after compression for an 8K video. The video frames may be divided into several IP packets and then delivered to RAN. Typically, at the L1, multiple PDSCH/PUSCH may be needed for a single frame. Only if all the IP packets are successfully delivered, the video frame can be declare successfully transmitted. In addition, similar as traditional eMBB services, the data packet size is varying over time which mainly depends on the contention of the frame and the compression algorithm.
Observation 1: the traffic characteristics of XR services (e.g., the non-integer periodicity, jitter of packet arrival time, delay budget and the large and varying packet size) are quite different from traditional eMBB and URLLC, and should be considered in the enhancement for XR.
1.1 Traffic awareness
Traffic awareness to facilitate RAN operation was widely proposed in the email discussion and was included in the draft SID. This topic needs tight cooperation with SA2/SA4.  Since the potential QoS related enhancements are actually out of RAN scope, RAN may need to wait for the progress of SA2/SA4 before discussing the detailed technical schemes. Therefore, we propose to start this topic with RAN-centric issues, and avoid very detailed assumptions on specific QoS enhancement schemes. For example, RAN may start with scheduling and power saving enhancement based on the traffic characters (e.g., periodicity, jitter) of XR services, packet dropping based on PDB and UE assistant information reporting, which need less assumptions on detailed QoS enhancement schemes.
Proposal 1: The study of the traffic awareness should be started with RAN-centric issues, e.g., scheduling and power saving enhancement based on the traffic characters (e.g., periodicity, jitter), PDB based packet dropping and UE assistant information reporting(e.g., remaining PDB), which need relatively less assumptions on detailed QoS enhancement schemes.
1.2 Capacity enhancement
In NR Rel-16 and Rel-17, Semi-Persistent Scheduling (SPS) and Configured Grant (CG) enhancements were studied in the WI of IIoT and URLLC, and schemes for the non-integer periodicity and jitter issues of Time Sensitive Network (TSN) were developed. By activating multiple SPS/CG configurations and/or applying the smaller SPS/CG periodicity, SPS/CG occasions can be provided with a very short interval (e.g., less than a slot). Therefore, although the SPS/CG periodicity may not align with the packet arrival time, with a proper configuration, there will always be a SPS/CG occasion very close (i.e., within the PDB) to the TSN packet arrival time, then the non-integer periodicity and jitter effect can be alleviated. However, such an overprovision method may cause resource waste and overhead increase due to some of the SPS/CG occasions may not be actually used.  
For XR services, if same method of TSN is adopted, the unused SPS/CG occasions issue may become severer. Since the periodicity of XR packets and the range of jitter are much larger than the TSN services, high density of SPS/CG occasions may be needed to meet the PDB requirement. Consequently, the unused SPS/CG occasions will be much more than the case of TSN. Therefore, the potential resource waste and the feedback overhead become severer than the TSN.
Proposal 2: Study the enhancements of SPS/CG to address the non-integer periodicity and jitter issues of XR services.
In the Rel-17 52.6GHz WI, multi-PDSCH and multi-PUSCH scheduling by a single DCI were studied. The intention is to reduce the UE blind decoding complexity for PDCCH monitoring in the larger SCS scenario. This feature can also be considered to address the issues of large and varying packet size for XR. It is beneficial to reduce UE blind decoding complexity and improve the scheduling latency. In addition, it is naturally to extend the dynamic scheduling to the SPS/CG cases. Although multiple PDSCH/PUSCH occasions in a certain period can also be realized by simultaneous activating multiple SPS/CG configurations based on current specification, allowing multi-PDSCH/PUSCH occasions per period with a single SPS/CG configuration is more flexible and can be activated and released by a single DCI. In addition, enhancement of CBG based transmission should also be considered to better support the large packet size of XR applications. 
For multi-PDSCH/PUSCH occasions per period with a single SPS/CG configuration, SPS/CG transmission occasions may be over-provided to handle the jitter or variable packet size. For DL, the resource wasting due to over-provision of SPS transmission occasions can be avoided since gNB may re-allocate the resource of unused SPS occasions to other UEs, however it doesn’t work for UL since the UL data arrival time and packet size may be unknown to gNB. Therefore, informing gNB the skipped CG PUSCH occasions by UE can be studied to avoid resource wasting and improve the system capacity. 
Proposal 3: Study the enhancements of dynamic scheduling and SPS/CG, e.g., multi-PDSCH/PUSCH SPS/CG occasions and enhancement of CBG based transmission, to address the large and varying packet size issue of XR services.
1.3 Power saving
Power consumption is another critical issue for XR services, especially for wireless AR glasses or VR headsets. In current specification, the periodicity of DRX cycle can only be configured to be integer numbers of millisecond. Similar as the issue discussed in SPS/CG part, the misalignment of the periodicity of DRX cycle and the XR packet arrival time should be considered. In addition, due to the wide range of jitter, the on-duration and inactivation duration design, as well as the DCI based wake-up mechanism, should be studied to better support XR services.
Another issue related to DRX is how to support XR service with multiple traffic flows. For single traffic flow, it is easy to implement DRX configuration matching the flow characteristics to save UE power. However, for multiple traffic flows with different periodicities and traffic loads, UE configured with only one DRX configuration on a cell or cell group has less time to sleep, since it is hard to match the period of DRX cycle with the multiple traffic flows simultaneously. One solution can be further considered is to support multiple DRX configurations for multiple XR traffic flows.
Proposal 4: Study the enhancements of DRX and DCI based power saving (e.g., potential WUS enhancement and SSSG switching enhancement) to better support XR services with non-integer periodicity and jitter issues.
Proposal 5: Study multiple DRX configurations to better support XR services with multiple traffic flows.

Conclusion
In this contribution, we discussed the potential enhancements of NR to support XR services, the following observation and proposals are made:
Observation 1: the traffic characteristics of XR services (e.g., the non-integer periodicity, jitter of packet arrival time, delay budget and the large and varying packet size) are quite different from traditional eMBB and URLLC, and should be considered in the enhancement for XR.
Proposal 1: The study of the traffic awareness should be started with RAN-centric issues, e.g., scheduling and power saving enhancement based on the traffic characters (e.g., periodicity, jitter) of XR traffic, PDB based packet dropping and UE assistant information reporting(e.g., remaining PDB), which need relatively less assumptions on detailed QoS enhancement schemes.
Proposal 2: Study the enhancements of SPS/CG to address the non-integer periodicity and jitter issues of XR services.
Proposal 3: Study the enhancements of dynamic scheduling and SPS/CG, e.g., multi-PDSCH/PUSCH SPS/CG occasions and enhancement of CBG based transmission, to address the large and varying packet size issue of XR services.
Proposal 4: Study the enhancements of DRX and DCI based power saving (e.g., potential WUS enhancement and SSSG switching enhancement) to better support XR services with non-integer periodicity and jitter issues.
Proposal 5: Study multiple DRX configurations to better support XR services with multiple traffic flows.

References
[1] RP-212711, New SID on XR Enhancements for NR, RAN Meeting #94e, Dec. 6 - 17, 2021
[2] 3GPP RAN#91-e Chairman’s notes 
[3] RP-210460, Revised SID on XR Evaluations for NR, Qualcomm, RAN Meeting #91e, March 16 - 26, 2021
[4] 3GPP RAN1#104-e Chairman’s notes 
[5] 3GPP RAN1#104b-e Chairman’s notes 





2

