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[bookmark: _Ref513464071]Introduction
[bookmark: _Hlk54270378]In RAN1 #104-bis-e, the following agreements were made, relevant to supporting multiple streams in DL and UL for capacity and power consumption evaluations [1]:
	Agreement:
In addition to single stream per UE in DL which is baseline, two streams can be optionally evaluated for DL
· Option 1: I-frame + P-frame
· Option 1A: slice-based traffic model
· Option 1B: Group-Of-Picture (GOP) based traffic model
· Option 2: video + audio/data 
· Option 3: FOV + omnidirectional stream
· Companies should report detailed assumptions in their simulations on packet size distribution for each stream, packet arrival interval (or fps) for each stream, PDB for each stream, PER requirement for each stream, criteria for being satisfied.
· Companies should strive to align the parameter values for the options chosen as much as possible
· FFS: Whether audio stream is separate or aggregated with the data stream in option 2 (Intention of option 2 is not to create a 3 stream option)

Agreement:
· [bookmark: _Hlk70018996][bookmark: _Hlk70019052]Option 1 (Baseline for power and capacity evaluations): Two streams as defined below 
· Stream 1: pose/control
· Traffic model and QoS parameters are same as for pose/control for UL CG/VR.
· [bookmark: _Hlk70019149]Stream 2: A stream aggregating streams of scene, video, data, and audio. 
· Packet size: Truncated Gaussian distribution with the parameter values same as for DL
· Periodicity: 60 fps
· Jitter (optional): same model as for DL
· Data rate: 10 Mbps (baseline), 20 Mbps (optional)
· PDB: [60] ms (baseline), [10/15] ms (optional)
· Option 2 (Optional for power evaluation and baseline for capacity evaluation): Single stream as defined below 
· Packet size: Truncated Gaussian distribution with the parameter values same as for DL
· Periodicity: 60 fps
· Jitter (optional): same model as for DL
· Data rate: 10 Mbps (baseline), 20 Mbps (optional)
· PDB: [60] ms (baseline), [10/15] ms (optional)

Agreement: 
For XR power evaluation (including baseline and power saving schemes), companies report both Option 1 and Option 2 results for evaluating the power saving gain.
· Option 1: all UEs are considered
· Option 2: satisfied UEs only are considered



In this contribution, we discuss potential enhancements related to capacity, coverage, mobility and power consumption that can be considered for XR.
Discussion
2.1. Capacity enhancements
Achieving high capacity, including when supporting multiple flows in UL and DL, is a key challenge when it comes to wide deployment and adoption of XR services. Depending on device form factor, antenna configurations, and XR traffic load per UE (i.e. multiple UL/DL flows), the number of XR UEs that can be supported per cell will likely be limited compared to eMBB/URLLC. 
[bookmark: _Hlk71210242]Following agreements from previous RAN1#104-bis-e meeting, multiple streams will be used in the traffic model for the uplink for AR, where one of the streams carry pose/control information and another stream carries aggregated video/scene/audio data. For declaring that a UE satisfied in capacity evaluations, the per-UE KPI currently considered requires more than X% of packets must be successfully delivered within the given respective PDB values for all streams in the UL. The existing per-UE KPI, however, does not consider the synchronization aspects between different streams. Since data from different streams can be correlated, the delivery of the PDUs should be performed within a particular time window/duration. This can ensure that the PDUs in the different streams belonging to the same XR application are synchronized during UL/DL delivery. Synchronization between streams is a useful consideration for enhancing mechanisms such as intra-UE prioritization/multiplexing and for achieving better capacity.   

Observation 1: Synchronization between different data streams belonging to the same XR application is a useful consideration for enhancing intra-UE prioritization/multiplexing mechanisms and improving capacity.

In some deployment scenarios, the understanding at access stratum layers of certain higher layer XR attributes (e.g., UE viewport orientation, pose, eye tracking information in the case of foveated rendering), without direct exposure of application functions/interfaces, can assist with RAN procedures (e.g. beam tracking, beam switching, scheduling) for achieving higher capacity. 
Observation 2: The understanding at access stratum layers of certain higher layer attributes of XR can be beneficial for assisting with RAN procedures and capacity improvement.
In some XR services (e.g., AR with split rendering), rather than relying on Uu interface for accessing edge computing functions, the sidelink interface can be used for accessing processing/rendering functions in other devices/entities in proximity. Using multiple devices (e.g. smartphones, AR glasses, distributed processing units, etc.) in an opportunistic manner would also enable to meet stringent end-to-end latency requirements for supporting interactive services. Existing sidelink solutions can be enhanced to support high-bitrate, low-latency and high reliability offloading between devices to better support XR services.
Observation 3: NR sidelink interface can be leveraged for supporting stringent latency requirements at high bitrates to connect multiple devices in a UE cluster and to improve capacity performance.
Proposal 1: 	RAN1 to study enhancements for improving capacity considering support of synchronized multiple-streams and multiple-devices per application in UL/DL. 
2.2. Coverage and Mobility enhancements
AR is expected to be prevalent with users on the move. In these scenarios, minimizing interruption/degradation in QoS is crucial for maintaining stable service experience regardless of whether the UE is at cell center/edge. While some amount of loss in throughput or increase in latency may be acceptable in the case of eMBB, the more stringent reliability and bounded latency requirements of XR services require enhancements to existing solutions. Specifically, the existing solutions that typically rely on dual/multi-connectivity and duplication/repetition can be spectrally inefficient and sub-optimal for XR services. In addition, coverage and mobility improvements for XR UEs, especially when using low latency edge computing services (e.g., for split rendering) and connectivity to edge applications need to be studied.
Observation 4: Existing coverage and mobility solutions may be inadequate for XR use cases using split rendering/computing architecture with strict latency and throughput requirements.  
Small cells/indoor hotspot deployment and FR2 can be considered for supporting continuous and stable high data rates for XR. However, given the susceptibility to blockages for FR2 links and possible loss in coverage, other enhancements to improve the robustness of the links should be considered. Additionally, fast link selection and early detection from potential radio link failure will ensure radio link robustness during connectivity link selection/reselection and handover of FR2 links.   
It is possible that some visual sensing and image processing capabilities in XR devices (through the XR device cameras and sensors) could be leveraged to enhance connectivity maintenance during mobility. For example, the presence of blockages/barriers that could interrupt FR2 connectivity can be detected with sensors. In these scenarios, preemptive/predictive mechanisms for detecting and indicating measurements to lower layers in UE and RAN can be considered to minimize service interruption. 
Observation 5: Leveraging on the capabilities of XR devices (e.g. sensing, tracking) can be beneficial for ensuring connectivity robustness. 
The use of multiple devices in a UE group/cluster (e.g. XR glasses, smartphone, wristband) could also facilitate mobility with measurement and sensing at different devices. Supporting multiple devices serving the same application including mechanisms that enable flexible and dynamic group creation between devices in proximity can be beneficial for improving connectivity robustness. This feature coupled with early identification of new links and detection of potential radio link failures can also provide better coverage and mobility assistance, especially at cell edge. 
Observation 6:	Assistance from multiple devices in a UE device group/cluster can be leveraged to improve coverage and mobility.
Proposal 2: 	RAN1 to study enhancements for increasing the radio link robustness by leveraging on XR device capabilities for ensuring coverage and service continuity. 
2.3. Power Consumption Enhancements
Due to the amount of processing required, standalone AR devices are likely to consume higher power compared to wirelessly tethered or edge-dependent devices. Depending on the XR application, certain functions or interfaces in the device functional structures/blocks can be dynamically powered on/off. This application dependent selection enabled by tethering between the XR device (e.g. AR glasses) and UE would alleviate power consumption requirements of the XR device by offloading some processing to the UE. Additionally, network awareness of XR traffic pattern (e.g. aperiodic, semi-persistent, periodic with non-integer periodicity, etc.) will improve scheduling and result in power saving gains. For example, by aligning the transmissions of multiple streams in DL such that they are not performed independent of each other but rather in a synchronized manner can result in minimizing the number of instances in which the UE needs to wake up during DRX. The use of multiple devices in proximity, can also be leveraged to improve power efficiency via flexible connectivity/relaying to network and offloading of processing.  
Observation 7: Mechanisms considering XR traffic pattern and dynamic offloading of processing to devices in a UE group can result in power saving gains.
Observation 8: Proper alignment/synchronization of transmissions from multiple streams could provide more opportunities for the XR device to operate in low power mode or extend its DRX sleep cycle.
Proposal 3: 	RAN1 to study enhancements for maximizing power savings gain considering support of multiple-streams and multiple-devices per application. 
Conclusion
In the previous section, the following observations were made: 
Observation 1: Synchronization between different data streams belonging to the same XR application is a useful consideration for enhancing inter-UE prioritization/multiplexing mechanisms and improving capacity.
Observation 2: The understanding at access stratum layers of certain dynamic higher layer attributes of XR can be beneficial for assisting with RAN procedures and capacity improvement.
Observation 3: NR sidelink interface can be leveraged for supporting XR stringent latency requirements at high bitrates to connect multiple UEs in a UE cluster and improve capacity performance.
Observation 4: Existing coverage and mobility solutions may be inadequate for XR use cases using split rendering/computing architecture with strict latency and throughput requirements.  
Observation 5: Leveraging on the capabilities of XR devices (e.g. sensing, tracking) can be beneficial for ensuring connectivity robustness. 
Observation 6:	Assistance from multiple devices in a UE device group/cluster can be leveraged to improve coverage and mobility.
Observation 7: Mechanisms considering XR traffic pattern and dynamic offloading of processing to devices in a UE group can result in power saving gains.
Observation 8: Proper alignment/synchronization of transmissions from multiple streams could provide more opportunities for the XR device to operate in low power mode or extend its DRX sleep cycle.
Based on these observations, the following conclusions were made:
Proposal 1: 	RAN1 to study enhancements for improving capacity considering support of synchronized multiple-streams and multiple-devices per application in UL/DL. 
Proposal 2: 	RAN1 to study enhancements for increasing the radio link robustness by leveraging on XR device capabilities for ensuring coverage and service continuity. 
Proposal 3: 	RAN1 to study enhancements for maximizing power savings gain considering support of multiple-streams and multiple-devices per application. 
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