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1	Introduction
In the last meeting, some consensuses on capacity improvement for XR have been reached, both of which are shown as follows,
1: Enhancement to SPS/CG should be justified for XR scheduling and should be evaluated against dynamic grant (DG) scheduling which should be considered as baseline. Should justify why enhancements are needed. 
RAN2 considers SPS enhancements may not be needed in Rel-18 XR since PDCCH capacity is not assumed to be a problem for XR. FFS if SPS has some power consumption benefits.
In this contribution, some potential enhancements on scheduler will be discussed.
2	Discussion
[bookmark: _Hlk109915489]2.1 Overview
Since XR service has a high demand for bandwidth and application with high resolution and high frame rate will be more popular over the internet, the requirements for bandwidth and system capacity for wireless access network are supposed to be more severe in the future.
In [TR38.838], the data rate of VR downlink is expected to be 30mbps or 40mbps, which is similar with that of cloud gaming (CG) downlink and same with that of AR downlink, and the data rate of AR uplink is expected to be 10mbps or 20mbps. The frame rate for all services is supposed to be at least 60 frame per second, which means the minimal interval of scheduling should not exceed 16.7ms at most. For certain services like CG and AR, there also exist PDB requirements.
The requirements mentioned above for high bandwidth and tight delay budget are the major challenges for RAN, especially for UE and gNB operating in the relatively low frequency (e.g., FR1). Therefore, it is necessary to study the approaches for improving system capacity via enhancement and optimization the scheduler without modification of air interface, since air interface is not in the scope of RAN2.
Please kindly note that system capacity refers to the number of users whose XR QoS are fulfilled.
2.2 Enhancement on dynamic scheduling
Since the enhancement and modification of the air interface is not within the scope of RAN2, the enhancement approaches mainly lies on the scheduler. 
In most services that transfer video frame, such as VR, AR and cloud gaming, it turns out that the conventional codec frame is still attractive. For conventional codec (AVC, HEVC, SVC, HSVC, etc.), the video frames are generated periodically. Since a video frame with high resolution usually means more packet, periodic burst packets will appear. And the burst packets of video frames should be sent to the decoder within the decoding delay budget to reduce lagging. Hence, RAN needs to transmit burst packet more efficiently.
The other worth noting principle is that the compressed video frame is of different importance. In the conventional video codec framework, the raw video frame will be compressed into I frame, P frame and B frame, or will be divided into I slice, P slice or B slice. More importantly, these types of frame or slices have unequal importance and data volume. Generally speaking, I frame or slice tends to carry more information than the rest, and they are less likely to be recovered from failure reception and easily to be sensed by user. Therefore, it is beneficial to use better error correction or robust modulation and coding scheme for I frame or slice to ensure QoS. While for other types of frames and slices, using more efficient transmission method should make a help in improving the channel utilization and system capacity.
Observation 1: XR service requires efficiency and robustness at the same time, and the packets of XR traffic have unequal importance.
In the current dynamic scheduling mechanism, one DCI (Downlink Control Information in PDCCH) can indicate the transmission parameter of one transport block in PDSCH or PUSCH. And for a certain transport block, the transmission parameters (modulation order, code rate, etc.) indicated by DCI are unified for all physical resource blocks.
If there is a user to perform XR service or application with large volume data to be transferred, and the available physical resources that gNB can allocated were discrete in the frequency domain (e.g., gNB has allocated physical resources to other user with high priority), and the resource allocation type of current XR user happens to be Type 1, then this XR user can only be allocated the PRB set that has the most PRB other than use all available PRB. In this PRB set limited case, there will be more transmission occasions for XR user to send or receive all the available data, which may cause more latency and affect QoS and system capacity.
Therefore, if it is possible for UE to be allocated with multiple transmission block in one transmission among multiple layers, it would be beneficial to improve the system capacity.


Proposal 1: RAN2 is kindly asked to discuss whether to let single DCI indicating multiple PUSCH/PDSCH transmission block simultaneously.
In addition, there still exists another notable issue, which is whether the transmission parameters for a transmission block are consistent. The same code rate and modulation order usually means the same capacity to resist channel fading and multipath. If the all packets are all of the same priority and importance, it’s quite reasonable. 
However, in the previous analysis, it’s not difficult to conclude that XR packets, especially packets from video frame, have different importance, for example, the importance of I frame or I slice are higher than the others. In this case, if the same code rate and modulation order are applied to the packets of different importance, there will always be some packets that are over protected or some other packets that are not effectively protect. This could either cause low efficiency in physical resource allocation or more retransmission and affect QoS and user experience.


Therefore, from our perspective, it is necessary to allow multiple transmission parameters for one or more simultaneous transmission block for one UE in single cell via single DCI, which can make a help to improve reliability and effectiveness of transmission.
Proposal 2: RAN2 is kindly asked to discuss whether to apply multiple transmission parameters for different parts of transmission block and if so, how to indicate them in single DCI.
[bookmark: OLE_LINK13]2.3 Enhancement on CG/SPS
[bookmark: OLE_LINK1]As known to all, the traffic flow of XR service is pseudo-periodic. And CG/SPS are configured with a certain period to receiver or send data as well. Such consistency makes CG/SPS a potential candidate for enhancement or optimization for XR service specified scheduler.
Besides, apart from the periodicity, there exist some other implicit additional benefits to apply CG/SPS for XR service, such as saving PDCCH resource and power saving. 
Supposing that there are multiple UE performing XR application, their burst packets have higher possibility of overlapping in time domain. Generally speaking, more burst packets in short time period usually means more PDCCH resource will be occupied simultaneously, which tends to cause the bottleneck in system capacity since PDCCH resource are finite.
The other potential enhancement of CG/SPS is power saving. Monitoring PDCCH has been regarded as a major challenge for the reduction of UE power consumption. Traditional solutions, such as discontinuous reception (DRX), can relieve UE power consumption to a certain degree. but it may not be enough for XR. From our perspective, CG/SPS can also help to solve the same problem. For instance, CG/SPS can make it possible to configure less and short period for UE to monitoring PDCCH.
Honestly, although CG/SPS is a potential enhancement and has benefits, they also have their own drawbacks, which makes them not suitable enough as scheduling method optimized for XR service.
The first issue is that CG/SPS period are configured in integer millisecond, while the interval of XR video frame is non-integer, such as about 16.7ms for 60fps. This phenomenon will result in the mismatch and deviation of CG/SPS transmission occasion and video frame arrival. One way to solve this problem is to configure periodic pattern to CG/SPS. For example, when the frame arrival interval is 16.7ms, the corresponding periodic pattern is {16ms, 17ms, 17ms}.


Proposal 3: RAN2 is kindly asked to discuss whether to introduce periodic pattern in CG/SPS to compensate the non-integer arrival interval in XR.
The other issue that requires to be addressed is the jitter of arrival time and size of video frame. The jitter of video frame arrival time is generally derived from the encoding delay in video codec, which can be caused by high processor load and/or different complexity of encoding, and the delay in content delivery network (CDN), both of which are almost unpredictable.
The jitter of video packet size originates from the different information entropy among video frames. The size of video frame usually relates to the resolution, color depth and frame rate, which is generally assumed to follow a certain probability distribution, such as Gaussian distribution or Pareto distribution.
The jitter of packet size and arrival time of video frame is not friendly to CG/SPS with fixed period and fixed transmission block size. Therefore, there exits some proposals that suggest multiple sets of CG/SPS configuration can be introduced. However, multiple sets of CG/SPS configuration can easily result in wastes of physical resource and affect system capacity.
Therefore, it is necessary to find out a solution that can enhance the flexibility of CG/SPS in terms of period, offset and transmission block size, while not wasting physical resource.


Observation 2: Frame arrival time and packets size jitter are the major factors affecting CG/SPS performance. 
Proposal 4: RAN2 is kindly asked to discuss whether to introduce multiple releasable CG/SPS occasions with different parameters for single CG/SPS configuration to compensate jitter of XR traffic flow.

3	Summary
This contribution discusses potential enhancements on scheduler for XR, the following are the observations and proposals that may be taken into consideration.
Observation 1: XR service requires efficiency and robustness at the same time, and the packets of XR traffic have unequal importance.
Proposal 1: RAN2 is kindly asked to discuss whether to let single DCI indicating multiple PUSCH/PDSCH transmission block simultaneously.
Proposal 2: RAN2 is kindly asked to discuss whether to apply multiple transmission parameters for different parts of transmission block and if so, how to indicate them in single DCI.
Proposal 3: RAN2 is kindly asked to discuss whether to introduce periodic pattern in CG/SPS to compensate the non-integer arrival interval in XR.
Observation 2: Frame arrival time and packets size jitter are the major factors affecting CG/SPS performance. 
Proposal 4: RAN2 is kindly asked to discuss whether to introduce multiple releasable CG/SPS occasions with different parameters for single CG/SPS configuration to compensate jitter of XR traffic flow.
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