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1	Introduction
In the updated SID[1], one of the objectives of XR enhancement study is as the following:
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;
· [bookmark: OLE_LINK14]Dynamic scheduling/grant enhancements.
In this contribution, some potential XR-specific capacity improvements will be discussed.
2	Discussion
[bookmark: _Hlk109915489]2.1 Overview
As illustrated in [2], XR and Cloud Gaming are some of the most important 5G media applications under consideration in the industry. The requirements of such applications are considered to be high throughout, low latency and high reliability. 
In order to develop a more suitable scheduling mechanism and improve capacity of XR and Cloud Gaming service, it is quite essential to study both the uplink and downlink traffic model and characteristics of XR and Could Gaming service before the discussion of such scheduling mechanism. 
[bookmark: OLE_LINK12]2.2 XR DL traffic characteristics
In general, traditional DL stream in VR/XR contains synchronization, feedback on the recpetion of video frame and video silice packet. It is not difficult to infer that most of the packets in DL stream is video slice packet. Feedback and synchronization packet are small in size and fewer in number, but they can be more important for DL stream transmission. Since the loss of synchronization and feedback leads to either transmission failure or inability to send new packets and the loss of video slice packet usually affects one single frame.
[bookmark: OLE_LINK19]As to video slice packets, modern video codec, such as H.264/AVC/SVC and H.265/HEVC/HSVC, will classify raw frames into intra frame (I frame or I slice) or inter frame (P frame, B frame and P slice, B slice), in which intra frame packet can be decoded by itself while inter frame packet relays on the reception of the other intra frame and/or inter frame packet to be decoded. 
[bookmark: OLE_LINK23]Usually, the total packet size of intra frame is larger than that of inter frame. Due to the architecture of modern video codec, a video clip usually contains more inter frame than intra frame in order to improve the compression ratio. Because the resolution and color depth remain constant in one video clip or segment, the size of compressed frame shall obey Gaussian distribution, and the typical size of an H.264 compressed FHD video frame is roughly 102~103 KB. Moreover, unlike other service packets, the frame packets arrive at a certain interval, which equals to reciprocal of the frame rate, in a relatively long period, and outside the interval, there will be no frame packets for transmission. The frame packet arriving at a certain interval is called burst packet, and burst transmission is the most significant characteristics of XR/VR traffic.
As illustrated in [3], in DL, 130~140 fragment burst packets make up one video frame. The periodicity of burst packets is also apparent.
[image: ]
It is believed that burst packets will be more common in the future. The inherent reason for that common belief is that compressed video frame are naturally sparse and discrete in time. To make the problem more complicated, resolution higher than FHD will be more common in future, which means burst packets will appear more frequently within a short period of time, causing the throughput measured over short time windows will be much higher than its long-term average value. With the composition of multiple XR stream, to transmit burst packet with PDB will be more difficult in the future.
Observation 1: Transmission of period burst packets is the main challenge in XR DL stream.
As discussed before, DL traffic is mostly composed of burst packets from video frames. One vital fact is that packets of different video frame or coding layer are not equally important for visual perception. In AVC and HEVC, the decoding of P-slice is based on the complete reception of I-slice and restricted former P-slice. Similarly, In SVC and SHVC, base layer is also essential for decoding the enhance layer. Therefore, packets belonging to different frames and slices are inherently of different importance. 
To be more precise, the corruption of some important video packets, such as packets from I-stream or base layer generally result in inability to decode or choppy playback, while the loss of other less important packets will only cause false colors, low resolution, or break of gradation.
Moreover, a frame can be displayed only after the arrival of all packets of itself and all related frame, which means it is more reasonable to transmission the I-stream and P-stream simultaneously in order to reduce the display delay. Considering the unequal importance of packets mentioned above, it seems to be not necessary to use the same scheduling parameter or error control or re-transmission mechanism for different packet form different stream.
Observation 2: Packets in XR DL stream are not only of different characteristics and purposes, but also of different importance.
[bookmark: OLE_LINK22]Another noteworthy phenomenon is the that the video frame arrival interval of VR/XR is pseudo-periodic. Ideally, frame arrival interval should be precisely equal to 1/fps. However, due to the existence of encoding lag and distribution network delay, the actual frame arrival interval usually obeys Gaussian distribution, with the expectation equals to 1/fps plus network delay and encoding lag.
[bookmark: OLE_LINK13]2.3 XR UL traffic characteristics 
[bookmark: OLE_LINK20][bookmark: OLE_LINK17]In general, traditional UL stream in VR/XR consist of feedback on video frame reception, user input, synchronization and head-tracking information packets. In the panoramic VR/XR applications, the user's FOV (field of view) also needs to be sent in UL. Similarly, feedback and synchronization in UL are also small in size but vital. 
Head-tracking information packets are generated by head mounted devices (HMD). Its generation period is related to the frame rate and/or the sample rate of the sensors in HMD. Sensors in HMD are usually hardware sampling. Latency due to hardware sampling is almost negligible. Likewise, user input for controller is also hardware sampling, and has similar characteristics as head-tracking information.
Observation 3: Packets in XR UL stream are relatively constant in size and generation period.
There exists a consensus that the motion-to-photon latency shall be less than 20ms to avoid the cybersickness, which can further lead to disorientation and dizziness. Transmission latency also plays an important role in cloud game. Any discussion to enhance such mechanism is also appreciated.
2.4 Further enhancements on schedule mechanisms
Based on the analysis of the above-mentioned uplink and downlink traffic characteristics in XR service, some corresponding enhancement mechanisms can be designed for the scheduler. 
Large quantity of burst packets is the most significant characteristics of XR traffic. In order to transmit the burst packets within the limit of PDB, novel scheduling mechanism for burst packet should be investigated. It seems that scheduling multiple consecutive physical resource sets with variable parameters for signal UE in one scheduling occasion may be a feasible approach. The discussion on other approaches is also appreciated.
Proposal 1: RAN2 is kindly asked to study potential scheduling enhancements for burst data in XR, e.g., single DCI indicating multi PUSCH/PDSCH transmission block in one cell.
VR/XR DL stream is mainly composed of compressed video frame packet. The size of compressed video frame varies mainly due to its compression type (intra-frame or inter-frame) in the same video clip. The arrival interval of video frame tends to have a certain periodicity on the one hand, and is also affected by the video encoder and the distribution network on the other hand. 
To compensate the different transmission block size due to multiple compression types and to further exploit the periodicity of video frame arrival interval, periodic scheduling mechanism such as SPS and CG should be considered as a potential candidate.
In order to solve the problem that existing CG and SPS mechanism may not adapt to the jitter of frame arrival and variation of frame size. CG and SPS enhancement can be studied.
Proposal 2: RAN2 is kindly asked to study on flexible SPS and CG configuration, such as period time offset and resource allocation parameter modification.
Since the DL stream in XR mainly contain packets from video slice, feedback and synchronization, and video slice packet iteself are not of the same importance, it seems to be unnecessary to deploy the same error control mechanism. Differential error control mechanism would be helpful in the overhead reduction and capacity improvement while ensuring the QoE of VR/XR application.
Proposal 3: Applying the same error control mechanism for the packets with different importance is not appropriate. RAN2 is kindly asked to study if an unequal error control mechanism can be applied for both SPS/CG and dynamic scheduling to handle packets with different importance.
As known to all, retransmission has higher priority. However, as explained above, not all lost video packet needs to be retransmitted or at least to be retransmitted immediately. Too many unnecessary retransmissions may even affect new video packet transmission, resulting in deterioration of QoE. 
Disorientation and dizziness caused by motion-to-photon latency must be avoided by all means. Faster UL/DL HARQ feedback and more flexible retransmission mechanisms such as retransmission skipping can also be helpful in latency reduction.
Proposal 4: RAN2 is kindly asked to study on HARQ-ACK latency reduction and selective retransmission.
3	Summary
This contribution discusses XR-specific capacity improvements, the following are the observations that may be taken into consideration.
Observation 1: Transmission of period burst packets is the main challenge in XR DL stream.
Observation 2: Packets in XR DL stream are not only of different characteristics and purposes, but also of different importance.
Observation 3: Packets in XR UL stream are relatively constant in size and generation period.
Based on the observation above, following proposals are provided.,
Proposal 1: RAN2 is kindly asked to study potential scheduling enhancements for burst data in XR, e.g., single DCI indicating multi PUSCH/PDSCH transmission block in one cell.
Proposal 2: RAN2 is kindly asked to study on flexible SPS and CG configuration, such as period time offset and resource allocation parameter modification.
Proposal 3: Applying the same error control mechanism for the packets with different importance is not appropriate. RAN2 is kindly asked to study if an unequal error control mechanism can be applied for both SPS/CG and dynamic scheduling to handle packets with different importance.
Proposal 4: RAN2 is kindly asked to study on HARQ-ACK latency reduction and selective retransmission.
References
[1] RP-220285; Revised SID: Study on XR Enhancements for NR; Nokia (Rapporteur)
[2] TR 26.926 Traffic Models and Quality Evaluation Methods for Media and XR Services in 5G Systems
[3] M. Lecci, M. Drago, A. Zanella and M. Zorzi, "An Open Framework for Analyzing and Modeling XR Network Traffic," in IEEE Access, vol. 9, pp. 129782-129795, 2021, doi: 10.1109/ACCESS.2021.3113162.
image1.jpeg
Packet size [B]

1,500 —

1,000

500 —

'w Video Frame (DL) 'w Frame Feedback (DL) A Frame Feedback (UL) A Head Tracking (UL)
i
1 1,500 —
d
: 1,000 —
'
i
| 500 —
I
|
' 0 E
1
' 10.6 10.8 11 11.2
1
I
'
I
'
'

30 40

r.t It

1 I I T
50 60 70 80

Time [ms]

90

100




