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Introduction
In RAN#91 [1], the revised SID on XR evaluation for NR was approved [2], and the revised scopes and objectives of this SI are as follows:
The following applications are to be considered as starting points for this study: 
· VR1: “Viewport dependent streaming”
· VR2: “Split Rendering: Viewport rendering with Time Warp in device”
· AR1: “XR Distributed Computing”
· AR2: “XR Conversational”
· CG: Cloud Gaming
Note: Use cases in quotes are from TR26.928.

The following traffic parameters for the different applications are to be considered as starting point for the study:
Traffic characteristics:
· UL and DL File Size distribution (e.g., Pareto with given parameters)
· UL and DL File arrival time distribution (e.g., Periodic every 1/60 seconds)
Traffic requirements: 
· Round-trip-time or UL and DL one-way Packet delay budget (PDB)
· UL and DL Packet error rate (PER)

The objective of this study item are as follows:

1. Confirm XR and Cloud Gaming applications of interest
2. Identify the traffic model for each application of interest taking outcome of SA WG4 work as input, including considering different upper layer assumptions, e.g. rendering latency, codec compression capability etc.
3. Identify evaluation methodology to assess XR and CG performance along with identification of KPIs of interest for relevant deployment scenarios
4. Once traffic model and evaluation methodologies are agreed, carry out performance evaluations towards characterization of identified KPIs


[bookmark: _GoBack]In the previous RAN1 meetings, traffic models and evaluation methodologies for XR services were studied, and the system level evaluation is ongoing. The initial results showed that the current NR schemes may not support XR services well, at least in the aspects of capacity, power consumption, mobility and coverage. In this paper, we discuss the potential enhancements of NR to support XR services better.
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 so far, 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 gap between XR packet arrival time and the nearest SPS/CG occasions or DRX on duration (i.e., the transmission delay), and the delay will be accumulated over time due to the mismatch. 
· Jitter of packet arrival time: similar as other eMBB services, an unpredictable time of jitter exists for each data packet arrival time. As agreed in RAN1#104-e [3] and RAN1#104b-e [4], 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.
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 1: 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 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 since CBG based transmission is beneficial for the large packet size. 
Proposal 2: 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.
Power consumption is another critical issue for XR services, especially for wireless AR/VR headsets. DRX is the most important feature for power saving. 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.
Proposal 3: Study the enhancements of DRX and DCI based power saving to better support XR services with non-integer periodicity and wide range jitter of packet arrival time.
As agreed in RAN1#104-e, a UE is declared a satisfied UE if more than X (%) of packets are successfully transmitted within a given air interface PDB. For a large size video frame, a single application packet may be divided into several IP packets and then further divided into multiple PDUs at gNB/UE. However, based on current specification, gNB/UE may treat these PDUs independently. Therefore, there is the possibility that gNB/UE cannot successfully deliver one of the PDUs within the duration of PDB, and then the entire video frame will be declared failure. On the other hand, without the knowledge of the relationship among PDUs, gNB/UE may waste the resource to transmit PDUs which are already exceed to PDB. Therefore, it is beneficial to let RAN to know certain traffic information of XR services, e.g., the periodicity, the relationship among packets, the PDB boundary etc. 
Proposal 4: Study the traffic awareness operation in the aspect of scheduling, packet dropping, power saving, etc. 
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: Study the enhancements of SPS/CG to address the non-integer periodicity and jitter issues of XR services.
Proposal 2: 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 3: Study the enhancements of DRX and DCI based power saving to better support XR services with non-integer periodicity and wide range jitter of packet arrival time.
Proposal 4: Study the traffic awareness operation in the aspect of scheduling, packet dropping, power saving, etc. 
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