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In RAN#94-e, the contents of the SID for Rel. 18 NR XR Enhancements were agreed [1]. The objectives in the SID for XR-awareness in RAN are 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.


In this contribution, we discuss the potential improvements to capacity and power saving that can be achieved by enabling XR-awareness in RAN.
Discussion
During Rel-17 [2], the traffic models for different XR applications (AR, VR and cloud gaming) were defined and performance evaluations for capacity and power savings were done for single stream and multiple stream traffic in UL and DL. From the discussions on traffic models, XR traffic shares several characteristics with those of eMBB (e.g., high data rates) and URLLC (e.g., high reliability with low latency). Other characteristics are unique to XR, for example, non-integer periodicity, multiple PDUs per PDU set/frame, and multiple traffic streams per application. From the Rel-17 performance evaluations, supporting the highly diverse XR traffic characteristics in DL and UL using legacy techniques can result in severe degradation in both capacity and power savings. 
Given the findings from Rel-17, the scope of Rel-18 SI discussed during RAN#94-e [1] includes the objective for studying XR-awareness in RAN. In this regard, whether and how the awareness of XR-specific traffic characteristics can be useful for improving capacity and power savings should be investigated. Additionally, what specific traffic info can be provided to RAN and how to ensure that such info can be impactful for realizing any performance gains should be studied.   
2.1. XR-awareness for improving capacity 
Achieving high capacity for XR traffic is challenging due to the tight latency requirements that need to be met when transmitting high number of PDUs associated with video/media frames reliably in DL (e.g. AR/VR/cloud gaming) and UL (e.g. AR). Also, the need to support multiple correlated traffic streams with diverse traffic characteristics (e.g. high periodicity for pose/control data stream and high payload for video stream) can create unique challenges for realizing high capacity.
Observation 1: 	Supporting stringent QoS requirements for XR traffic while achieving high capacity is challenging with the current framework where XR-traffic parameters are transparent to RAN
For XR, within each traffic stream there may be multiple PDU sets, where each PDU set corresponds to a video/media frame. Each PDU set, in turn, may consist of multiple PDUs, where the number of PDUs per PDU set or size of PDU set may depend on the type of frame (e.g. I-frame, P/B-frame). Achieving high capacity while delivering the PDUs and maintaining the interdependencies of the PDUs in different PDU sets can be challenging. To ensure user satisfaction, all PDUs associated to a PDU set should be successfully delivered to the UE (in DL) or gNB (in UL) within a PDU set level latency requirement so that further processing/rendering can be performed at the application. In this case, for handling PDU sets in UL and DL, some KPIs need to be redefined e.g., PDU set delay bound (PSDB) and PDU set error rate (PSER). 
The awareness of PDU set-level KPIs at the access stratum layers can be useful when performing resource allocation and scheduling for improving capacity. For example, based on the awareness of remaining delay with respect to a PSDB, the RAN may prioritize some PDUs associated with a PDU set that may have arrived late at the gNB during DL transmission. Alternatively, if the RAN is aware of the importance/criticality level of a PDU set and determines that some PDUs associated with a non-critical PDU set will not be delivered within the PSDB and PSER, the RAN may decide to discard any remaining PDUs and reallocate the resources to other streams. Similar approaches may also be used by UE when handling PDU sets during UL transmissions. 
For XR applications supporting multiple traffic streams (e.g. AR), the application layer may require the PDUs in different streams to be received within an inter-stream time window to jointly perform rendering. Such time window can induce some interdependency between the streams. However, since the PDUs in different streams may be transported independently, it is possible that some inter-stream jitter may be introduced, resulting in the PDUs to arrive at the UE (in DL) or network (in UL) with different latencies. To address this issue, some awareness of the association between the traffic streams and the inter-stream time window (e.g. maximum inter-stream jitter value tolerated by the application) is needed at the access stratum layers. Based on such awareness, certain coordination can be done during scheduling and transmission such that the PDUs in different streams arrive within the inter-stream time window.  
Observation 2: 	Awareness of the association of PDUs within a PDU set and association between multiple traffic flows can be beneficial at RAN when performing resource allocation and scheduling for UL and DL transmissions
Whether and how the mechanisms supported by RAN and UE for XR-awareness can impact in improving capacity performance achievable should be further studied. 
Proposal 1: 	Study the impact on capacity improvement by making the RAN aware of XR-specific traffic information and parameters
2.2. XR-awareness for improving power savings 
When supporting XR applications/services, it is extremely challenging to satisfy the stringent XR traffic requirements while ensuring low power consumption in the UE. Given the quasi-periodic nature of XR traffic in both DL and UL, the opportunities for operating in low power modes or prolonged sleep durations are minimal. Achieving good power saving gains without negatively impacting capacity can also be challenging with the current framework where XR traffic related information is transparent to the RAN.
Observation 3: 	Achieving good power saving gains without negatively impacting capacity can be challenging with the current framework where XR traffic related information is transparent to the RAN.
The issues that impact power savings in UE such as jitter and interdependencies between PDUs across different traffic flows can be more pronounced when handling PDU sets and multiple traffic flows. For example, when configured with CDRX, the length of the ON/active time duration should at least span the duration for receiving all PDUs in a PDU set. When the number of PDUs per PDU set vary and/or when the jitter range varies (e.g. due to inter-PDU arrival latency), the ON duration should also be varied accordingly based on the awareness of the PDU set attributes (e.g. size of PDU set) and jitter range to realize any power savings. 
When handling of multiple streams in DL, it is possible that the PDUs in different traffic streams may arrive  at the gNB with different latencies with a wide jitter range. This inter-stream jitter can be due to congestion and processing delays in network and independent transport of PDUs in different streams. For ensuring that the PDUs in different streams are delivered in DL within a synchronization time window, the power saving scheme (e.g. CDRX, PDCCH monitoring behaviour) needs to be configured and adapted by RAN based on XR-awareness. Such awareness can include knowledge of application/high layer attributes (e.g. synchronization time window, association between traffic streams) and information on inter-stream jitter.    
Observation 4: 	Awareness of XR traffic information and parameters can be beneficial for enabling to configure and adapt the power saving schemes at UE (e.g. CDRX, PDCCH monitoring behaviour)
In the case of split rendering scenarios for VR/AR, for example, the UE can determine the traffic expected in DL (e.g. type of video frames expected, arrival time when the DL traffic is expected) based on the traffic transmitted in UL and knowledge of RTT latency. The awareness at RAN of the traffic expected in DL, based on UE feedback, can be useful for selecting or making adaptations to any of the configured power saving schemes (e.g. CDRX) that can be best aligned for maximizing power savings gain at UE. In this regard, it is important to investigate how the awareness of XR traffic related info at RAN can impact the power saving gains achievable.
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2.3. Assistance information for XR-awareness 
From the descriptions in the previous sections on capacity and power savings, the information for handling UL and DL XR traffic that can be provided to RAN for XR-awareness can include:
· Traffic pattern information of ongoing and expected traffic including periodicity (e.g., frame rate), frame types (e.g., I-frame or P/B frame), importance/priority of frames, number of PDUs per PDU set/frame, number of streams per application, and jitter info (e.g. mean, range)
· QoS metrics/parameters (e.g. PSDB, PSER, remaining delay for delivering PDUs in PDU set, RTT latency) 
· Timing information indicating when the PDUs may be expected for transmission in DL (e.g. start time offset) and UL
· Application/higher layer info (e.g. synchronization time window)
The information for handling XR traffic can be provided to RAN either by CN or UE. The CN may provide to RAN certain semi-static traffic information such as latency and jitter statistics based on measurements and monitoring of traffic between UE and UPF.   
The UE can have visibility of the ongoing and expected traffic to be handled in UL/DL since in many XR applications, the UE is both the source (e.g. where input data/pose/control is generated) and destination (e.g. pre-rendered media is consumed) of the traffic. For enabling XR-awareness in RAN the UE can be configured with rules to identify the traffic info (e.g., changes in traffic patterns based on higher layer markings), which can then be provided to the AS layer and RAN for supporting configurations/adaptations. If configured or requested by RAN, the UE can provide the information for handling XR traffic either semi-statically (e.g. as assistance information) or dynamically (e.g. when changes to traffic pattern are detected). 
The XR traffic related info and parameters for XR-awareness that can be measured and reported by UE to gNB for improving capacity and power savings should be identified and studied in RAN1. The procedures and signaling aspects in terms of which/how the AS layer in UE identifies the traffic info/parameters for XR-awareness are in the scope of RAN2 and needs to be further coordinated with RAN2.   
Proposal 3: 	For XR-awareness, the following information can be provided by UE and/or CN to RAN: 
· Traffic pattern information of ongoing and expected traffic including periodicity (e.g., frame rate), frame types (e.g., I-frame or P/B frame), importance/priority of frames, number of PDUs per PDU set/frame, number of streams per application, and jitter info (e.g. mean, range)
· QoS metrics/parameters (e.g. PSDB, PSER, remaining delay for delivering PDUs in PDU set, RTT latency) 
· Timing information indicating when the PDUs may be expected for transmission in DL (e.g. start time offset) and UL
· Application/higher layer info (e.g. synchronization time window)

Conclusion
In this contribution, the following observation are made:

Observation 1: 	Supporting stringent QoS requirements for XR traffic while achieving high capacity is challenging with the current framework where XR-traffic parameters are transparent to RAN.
Observation 2: 	Awareness of the association of PDUs within a PDU set and association between multiple traffic flows can be beneficial at RAN when performing resource allocation and scheduling for UL and DL transmissions
Observation 3: 	Achieving good power saving gains without negatively impacting capacity can be challenging with the current framework where XR traffic related information is transparent to the RAN.
Observation 4: 	Awareness of XR traffic information and parameters can be beneficial for enabling to configure and adapt the power saving schemes at UE (e.g. CDRX, PDCCH monitoring behaviour)
Based on these observations, the following proposals are made:
Proposal 1: 	Study the impact on capacity improvement by making the RAN aware of XR-specific traffic information and parameters
[bookmark: _Hlk102081843]Proposal 2: 	Study the impact on power saving gains by making the RAN aware of XR-specific traffic information and parameters
Proposal 3: 	For XR-awareness, the following information can be provided by UE and/or CN to RAN: 
· Traffic pattern information of ongoing and expected traffic including periodicity (e.g., frame rate), frame types (e.g., I-frame or P/B frame), importance/priority of frames, number of PDUs per PDU set/frame, number of streams per application, and jitter info (e.g. mean, range)
· QoS metrics/info (e.g. PSDB, PSER, remaining delay for delivering PDUs in PDU set, RTT latency) 
· Timing information indicating when the PDUs may be expected for transmission in DL (e.g. start time offset) and UL
· Application/higher layer info (e.g. synchronization time window)
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