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1. Introduction
In this contribution we discuss some XR related enhancements for scheduling data. 
2. Impacts to gNB scheduler with XR traffic
XR traffic imposes special requirements on the gNB scheduler because of the characteristics such as periodicity with jitter, varying frame/traffic-unit importance within the same traffic flow, existence of correlated traffic frames within the traffic flow. There are 2 pre-requisites to handle XR traffic in RAN: 
1) Specific enhancements are needed to handle the special XR traffic using CG and DG
2) RAN should be aware of the XR traffic characteristics and the associated QoS requirements for the XR traffic. 
For 1), some enhancements are needed in RAN to handle the XR traffic and these aspects are discussed in section 3. 
For 2), some assistance information is needed at RAN and this can come both from CN as well as from the UE. Further, there can also be some assistance information from RAN towards CN in form of exposure of RAN status to the CN/upper layers at the UE. In section 4, we discuss the assistance information that is relevant to XR. 
3. [bookmark: _Ref115173947]CG and DG enhancements for XR
Traffic in XR is periodic and hence is suitable for using CG based transmissions in UL. However, the problem with XR traffic is that the packet sizes vary a lot within the CG duration. An example of this is shown below in Figure 1. 
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[bookmark: _Ref115174026]Figure 1: Packet size distribution in XR traffic
As can be seen, different types of traffic frames may have different periodicities within the XR traffic and different frames will also have different sizes. CG is very much suitable for handling periodic traffic of a known size. Further, it is also possible to handle multiple periodicities within the traffic using multiple CG grants. 
Proposal 1: Multiple CG grants can be configured to the UE to handle traffic with more than one inherent periodicity within the XR traffic
However, if the size of the traffic varies significantly the CG is not an ideal solution. 
If the network allocates the CG resources for the largest packet size then the resources will be wasted every time. On the other hand, if the network tailors the CG resource for a smaller packet size, then not all XR traffic will be handled by CG resource and there will extra latency for the left over traffic. 
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Figure 2: Problems with CG when the packet size varies significantly
So, some enhancements are needed to CG mechanism to optimise it for XR traffic. 
Observation 1: Using CG for traffic that has significant variance in packet size over time is suboptimal and hence some optimisations are necessary
In order to solve the issue of varying packet size, one solution could be to use a combination of CG with DG. With this approach, the CG grant can be tailored to a lower packet size and then rely on the DG to clear the UL buffer when the packet size generated at the UE exceeds the CG grant size. 
Proposal 2: Combination of CG with DG could be used to minimise the latency for packets that exceed the CG grant size
However, if DG requires an SR + BSR + UL grant cycle to schedule the remaining UL data, then this will incur significant latency for the UL traffic that exceeds the CG grant size. To minimise this extra latency, RAN2 should study some mechanisms where the UE can include an indication such as BSR whenever the pending UL data exceeds the CG grant size. 
Proposal 3: To minimise the UL latency for traffic that exceeds the CG grant size, RAN2 should study mechanisms where the UE can include an indication such as BSR whenever the pending UL data exceeds the CG grant size
4. [bookmark: _Ref115173958]Assistance information and RAN data exposure
In this section assistance information from UE to RAN as well as exposure of RAN data to upper layers/CN is discussed. 
4.1. Assistance information from UE
4.1.1. Long-term UE assistance information for XR
Typical XR traffic is periodic and the radio level QoS requirements for satisfying the XR requirements may be tightly coupled with the characteristics such as the periodicity, burst size etc. Taking as an example an XR session including video and audio data (see Figure 1), session characteristics such as frame rate, expected burst size etc may be important for the network to know to be able to configure the radio resources appropriately. These characteristics of the overall XR session typically change rather infrequently and hence such information is needed not too often. Hence, RRC level assistance information could be used for such long-term assistance information for XR. 
Thus, the long-term assistance information could include information such as: 
· Periodicity: This could be data such as frames generated per second (for audio/video data). Finer granularity (e.g. expected periodicity of I frames and P/B frames could be considered as additional assistance information that is useful). This information is useful in determining the periodicity of resources such as CG period. 
· Burst size: Expected size of the individual burst. This information is useful to configure the size of CG resource in each period. Finer granularity for burst size can be considered for components of the XR stream (e.g. I frames, P/B frames and audio frames)
· Burst size variance: expected variance of the data bursts generated. It is important to configure the resources such that resources are neither under configured nor over configured. Combination of CG/DG could be used to avoid wastage of radio resources depending on the expected variance in the burst size. 
· Burst timing: This could include the offset (e.g. offset to SFN/radio frame boundary) when the periodic data is generated for each period. Providing this offset is important to tailor the radio resources (e.g. the CG period offset) such that the CG occasion occurs at the right instance. If the CG resource is not configured at the right instance, there would be a residual latency (and this could be as large as the CG period itself in the worst case) and this is not desirable.  
Based on the above, the following proposals are made: 
Proposal 4: RRC level assistance information could be used for providing long-term assistance information from UE to RAN for XR
Proposal 5: UE Assistance Information (UAI) framework is reused for the long-term assistance information for XR
Proposal 6: The long-term assistance information for XR could include information such as the Periodicity, Burst size, Burst size variance, Burst timing associated with XR traffic
4.1.2. Time critical assistance information for XR
Once the XR session is up and running, there could be some useful time critical assistance information that is needed to maintain the QoS for the ongoing XR service. As an example, the XR service may use multiple CG resources tailored for different sub-streams or different codec modes etc. To minimise the signalling overhead, network can preconfigure multiple CG resources tailored for each scenario and the UE could switch between the modes as and when the XR service layer switches between these. This is depicted in Figure 3 below. 
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[bookmark: _Ref106702336]Figure 4: Multiple CG resources tailored for different modes of operation for the XR service
The XR service may switch between different codec modes, based on a number of factors such as radio conditions, capacity in the radio/transport network, load on the XR server etc. When codec modes change, there will be a significant change to the resource requirements and using RRC signalling to reconfigure the underlying radio resources may incur heavy penalty in terms of latency. For such time critical events, the radio resources may be preconfigured (e.g. multiple CG resources) and the UE can provide assistance information to the network to switch between different CG modes. Such assistance information is more time critical and hence can be delivered via MAC CEs. 
Proposal 7: Time critical UE assistance information such as need to activate/deactivate certain CG resources depending on the codec modes used etc should be provided using MAC level assistance information (i.e. MAC CEs). 
4.2. Exposure of RAN status to XR application
Similar to the assistance information from CN to RAN, there may also be some useful assistance information that may be exposed from RAN side towards the CN and/or to the application layer on the UE side, to improve the overall XR capacity. For instance, to deal with the RAN congestion, the following mechanisms can be considered. 
· Preferred data rate/Coded modes: to balance the user experience and NW capacity, RAN can provide a recommended data rate to the XR application server. 
· Preferred arrival time for a given PDU-set (e.g. video frames): Certain video frames may have extremely large size (e.g. an I frame may be extremely large and may be multiple orders of magnitude compared to a P/B frame). If multiple XR services are running in the network, it is preferable to stagger the I frames across different applications to avoid causing a load spike on a given time instance. In order to achieve this, a suggested offset for the I frames may be conveyed by RAN to the XR application server. 
· Load situation in RAN: Whist preferred data rate provides a direct recommendation to the XR application regarding the supported XR capacity, a softer indication such as load situation etc will leave the intelligence of the XR traffic data rate/codec modes etc to the XR server and may be more useful in some cases where the RAN is to be kept agnostic to the XR traffic details. 
It should be noted that the above information may be provided by RAN to CN (i.e. towards the XR application server) but the same can also be conveyed by gNB to the UE (i.e. for the UE to pass this on to the application layer where the XR application is running). For the assistance information conveyed by the gNB to the UE, the existing RAN-assisted codec adaptation framework could be reused. 
Based on the above, the following is proposed: 
Proposal 8: Exposure of RAN status to CN and UE upper layers should be considered for XR capacity improvement
Proposal 9: RAN2 should investigate the following RAN status information to be exposed to CN (XR application server) and/or UE (XR application) – reusing the framework defined for the RAN-assisted codec adaptation
· Preferred arrival time for a given PDU set (e.g. I frames)
· Load situation in RAN
· Preferred data rate/Codec modes
5. Conclusion
[bookmark: _Toc18404543][bookmark: _Toc18413612][bookmark: _Toc18403976]- CG and DG enhancements
Proposal 1: Multiple CG grants can be configured to the UE to handle traffic with more than one inherent periodicity within the XR traffic
Observation: Using CG for traffic that has significant variance in packet size over time is suboptimal and hence some optimisations are necessary
Proposal 2: Combination of CG with DG could be used to minimise the latency for packets that exceed the CG grant size
Proposal 3: To minimise the UL latency for traffic that exceeds the CG grant size, RAN2 should study mechanisms where the UE can include an indication such as BSR whenever the pending UL data exceeds the CG grant size
- UE assistance information for gNB scheduler
Proposal 4: RRC level assistance information could be used for providing long-term assistance information from UE to RAN for XR
Proposal 5: UE Assistance Information (UAI) framework is reused for the long-term assistance information for XR
Proposal 6: The long-term assistance information for XR could include information such as the Periodicity, Burst size, Burst size variance, Burst timing associated with XR traffic
Proposal 7: Time critical UE assistance information such as need to activate/deactivate certain CG resources depending on the codec modes used etc should be provided using MAC level assistance information (i.e. MAC CEs). 
- Assistance information from RAN to CN
Proposal 8: Exposure of RAN status to CN and UE upper layers should be considered for XR capacity improvement
Proposal 9: RAN2 should investigate the following RAN status information to be exposed to CN (XR application server) and/or UE (XR application) – reusing the framework defined for the RAN-assisted codec adaptation
· Preferred arrival time for a given PDU set (e.g. I frames)
· Load situation in RAN
· Preferred data rate/Codec modes
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