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Introduction
In RAN Rel-17 SID, XR awareness is proposed to enhance XR performance and some related possible enhancement schemes were proposed and evaluated in TR 38.838 [1]. Based on the Release 17 TR 38.838, corresponding Release 17 work from SA4 and Release 18 work from SA2, the RAN1 Rel-18 SI objective [2] includes XR-awareness in RAN, 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.
· Study how the above information aids XR-specific traffic handling.
….

Key issues on the support of advanced media services have been studied in SA2 with study results captured in TR 23.700 [3], which includes the multi-modality flows coordinated transmission for a single UE and among multiple UEs.
Since XR services have the strict QoS requirements services in terms of high data rate, low latency, etc., the generic network control function of resource allocation in the traditional scheduling function with service agnostic principles may not work efficiently. An enhanced network control function with service awareness principles, i.e., XR awareness, should be studied to provide better user experience and increase the resource utilization. XR awareness may include RAN awareness of XR application information and application awareness of RAN. If RAN can acquire some necessary information of XR traffic characteristics and application layer attributes, RAN can perform smart radio bearer control and adaptive scheduling for XR traffic. On the other side, 5GS information could be also exposed to application for XR enhancement.
In this paper, we discuss XR awareness for RAN, including gNB awareness of XR application information from UE and RAN awareness of XR application information from higher level in Section 2 and Section 3, respectively. Besides that, we also discuss multi-modality flows coordinated transmission for XR in Section 4.
gNB awareness of XR application information from UE 
[bookmark: _GoBack][bookmark: OLE_LINK1][bookmark: OLE_LINK2]The XR application information from UE includes a variety of attributes of the XR traffic and UE implementation, e.g., UE playout buffer related information [4], [5], XR traffic characteristics and XR latency information. UE has fully knowledge of all this XR application information. UE playout buffer implementation and XR traffic characteristics could be retrieved from UE application layer. gNB might not be able to obtain XR traffic characteristics from XR server since it is outside 3GPP domain. In order to ensure gNB aware of the XR application, XR application information reported by UE can be used to assist gNB scheduling in network control of the resource allocation and provide a better XR service to the UE.
gNB optimizes UE scheduling process to enhance system capacity based on the UE feedback on the XR traffic attribute and its implementation in UE playout buffer size for DL. In detail, if the size of the playout buffer is fed back to the gNB scheduler, gNB could have additional PDB for any DL XR packet. Additional PDB can give gNB more time to schedule UE within the delay budget requirements of the XR service and more likely to successfully transmit packets. gNB knowing the size of playout buffer can preferentially schedule UE with packet delay with extended deadline and better channel conditions. The corresponding capacity performance is evaluated and discussed in our contribution [4]. UL traffic characteristics, such as periodicity, data rate and packet size statistical properties for one or more data stream(s), can be reported to gNB for flexible and adaptive radio bearer control and scheduling. For example, if gNB knows these UL traffic characteristics, gNB could determine the CG configuration according to the UL traffic characteristics, e.g., CG cycle matched with UL traffic periodicity and proper reserved resource adapted to UL packet size. Since there is no delay jitter in the UL XR packets, gNB can preferentially schedule the UE within the PDB, which is so-called delay-aware scheduling, once the XR traffic attributes is fed back from UE. 
Moreover, gNB can also update configuration parameters, like SPS cycle, DRX cycle and DRX Onduration etc., to facilitate the balance between system capacity and UE power consumption based on the UE feedback of XR traffic attribute and UE playout buffer size. The corresponding power saving performance is evaluated and discussed in our contribution [5]. 
Proposal 1: XR application information, which includes UE playout buffer related information and XR traffic attribute information, should be fed back from UE to the gNB to optimize the network control and resource allocation operation, e.g., scheduling assistance and preference configuration parameters update.
The time occasion at which UE reports XR attributes and its implementation information can be at the instance when XR service is requested to allow the gNB in preparation of customized network control schemes for XR in resource allocation for NR system capacity enhancement and UE power saving. The timing or occasion for the UE to report XR application information can be dynamically adapted when the XR attribute or UE implementation changes. For example, UE playout buffer size and XR traffic attribute may be reported during RRC establishment or re-establishment. 
Proposal 2: The timing or occasion for the UE to report XR application information can adapted with different configurations based on the characteristic of XR application information at different time instance.
RAN awareness of XR application information from higher level
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]RAN network control and resource allocation with service agnostic principles may not be efficient for XR traffic with high data rate and low latency requirement. If RAN is aware of XR application information from UE and/or application server, RAN can use the obtained XR attribute in better control of radio resource allocation and scheduling for link adaptation. For example, IP packet origination address could be used as the reference of XR attributes identification when the XR application frame came from single XR server. Other attribute from higher layer, such as PDCP layer, could also be used as the identification of XR packet with its specific attribute. With XR packet identification at RAN, gNB scheduler can customize its network control and resource allocation to improve the XR packet reception performance at UE.
As described in TR 23.700 [3], a PDU Set is composed of one or more PDUs carrying the payload of one unit of information generated at the application level (e.g. a frame or video slice for XR services), which are of same importance requirement at application layer. In media layer, packets in such a PDU Set are decoded/handled as a whole. For example, the frame/video slice may only be decoded in case all of the packets carrying the frame/video slice are successfully delivered. A frame within a GOP (Group of Pictures) can only be decoded by the client in case all frames on which that frame depends are successfully received. Hence the groups of packets within the PDU Set have inherent dependency on each other in media layer. The dependency on different packets in the same frame or video slice should be learned by RAN to improve the transmission performance.
Proposal 3: RAN awareness of XR application information from higher level should be supported. 
In current 5GS, QoS flow is the finest granularity of QoS differentiation in the PDU Session. The 5G QoS characteristics are determined by the 5QI. This implies that each packet in a QoS flow is treated according to the same QoS requirements. The packets associated with a service stream are assumed to require the same QoS handling, which will be mapped to the same QoS flow by SMF. Packets belonging to the same XR service stream should be delivered with the same priority, even though the frame type of them is different, e.g., I frame/P frame. Therefore, packets belonging to the same XR service stream should be mapped into the same QoS flow. Whether different type of packets with different importance in the same QoS flow need to be further differentiated and/or how to further distinguish them should be left for SA2 to discuss. In [6], an extended QoS framework to differentiate different type of packet in the same QoS flow is described, e.g., sub-QoS flow based QoS architecture.
Proposal 4: Packets belonging to the same XR service stream should be mapped into the same QoS flow, even though the frame type of them is different.
Multi-modality flows coordinated transmission
Some advanced XR may include more than one type of media flow in the data stream, e.g., video/audio stream, and haptic or sensor data, for more immersive user experience. A terminal device may contain clients for different types of data for a XR application. In another case, there are multiple types of devices, e.g. VR glasses, gloves and other devices that support haptic and/or kinaesthetic modalities, and these devices connect through wireline to a single UE that can access the 5GS. Obviously, these flows belonging to the same XR application of single UE have strong dependency with each other at the application layer of UE receiver. They need to be delivered synchronously for user experience in order to allow UE reassembly at the application layer. Therefore, multiple flows of a XR application belonging to a single UE should be coordinated in delivery and ensure flow synchronization. 
Proposal 5: Multiple flows of a XR application belonging to a single UE should be coordinated in delivery and ensure flow synchronization.
TS 22.261 [7] documents the requirement of tactile and multi-modal communication service. The tactile and multi-modal communication service can be applied in multiple fields, including VR and AR. These services support applications enabling input from more than one source and/or output to more than one destination to convey information effectively. These sources and destinations access the 5GS. If the data streams are not encoded together for transport and/or do not come from the same source, synchronization between different media components is critical for immersive multi-modal VR/AR applications. In other word, flow synchronization among multiple UEs should be studied and supported to ensure user experience for immersive multi-modal VR/AR applications.
Proposal 6: Flow synchronization among multiple UEs should be studied and supported to ensure user experience for immersive multi-modal VR/AR applications.
Conclusion 
Based on above discussion, we have some proposals, as follows:
Proposal 1: XR application information, which includes UE playout buffer related information and XR traffic attribute information, should be fed back from UE to the gNB to optimize the network control and resource allocation operation, e.g., scheduling assistance and preference configuration parameters update.
Proposal 2: The timing or occasion for the UE to report XR application information can adopt different configurations based on the characteristic of XR application information at different time instance.
Proposal 3: RAN awareness of XR application information from higher level should be supported.
Proposal 4: Packets belonging to the same XR service stream should be mapped into the same QoS flow, even though the frame type of them is different.
Proposal 5: Multiple flows of a XR application belonging to a single UE should be coordinated in delivery and ensure flow synchronization.
Proposal 6: Flow synchronization among multiple UEs should be studied and supported to ensure user experience for immersive multi-modal VR/AR applications.
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