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1	Introduction
In the LS in [1], SA2 asked RAN1, RAN2 which type of information is useful for the RAN for power saving enhancements for XR applications, with the following action:
“ACTION: 	SA2 kindly asks RAN1, RAN2 to take the above information into account and clarify which type of information should be provided to the RAN for power saving enhancements for XR applications.”

In this contribution we respond to this action.
[bookmark: _Ref178064866]2	Discussion on which XR information is useful for RAN for power saving enhancements

In general, to optimize power consumption one should minimize wake-up time to occasions when it is necessary to transmit data. Thus, it is extremely important to know as much as possible about the traffic. In the Rel-17 XR study item, RAN1 has agreed on the following main XR traffic characteristics [2]:

· non-integer video traffic period (i.e. frame inter-arrival time), corresponding to 30, 60, 90, 120 fps;
· multiple simultaneous DL/UL traffic flows, e.g. video, audio, pose, each periodic but with a different periodicity;
· traffic jitter for video flows: typically ±4 ms (i.e. total jitter range of 8 ms), optionally ±5 ms; 
· different and rather tight PDBs for each traffic type: 10 ms for VR/AR DL video traffic (optionally 5, 20 ms), 10 ms for VR/CG UL pose traffic, 15 ms for CG DL video traffic (optionally 10, 30 ms), 30 ms for AR UL video traffic (optionally 10, 15, 60 ms), and 30 ms for VR DL/AR UL audio traffic.

As one can see from the agreed characteristics, XR traffic is multi-flow, periodic and a video flow has a big jitter range compared to slots in the radio interface. At the same time, for every specific case there can be different values of periodicity, jitter and different combinations of flows can be present. We note that in this contribution we adopt the term application packet, consistent with the term “packet” in [2], where “a packet models the set of IP packets belong to the same video frame”. Nonetheless, an application packet refers also to other types XR flows and not only video. Thus, the types of information about these XR traffic characteristics that is useful for the RAN for power saving configurations and enhancements are:

· periodicity and changes to periodicity for each application traffic flow, e.g. periodicity of application packet (i.e. application packet generation rate) and changes to periodicity for each application traffic flow, e.g. video, audio, pose;

· information about application packet jitter, e.g. jitter range defined by minimum/maximum around the mean periodicity, for each application traffic flow. This is the jitter in application packet arrival time at RAN, which includes varying time effects at the application (varying frame encoding delay), as well as network transfer time [2].

· periodicity start time per flow, e.g. absolute time reference for the start of the jitter range in one of the traffic periods. Note that, for traffic flows that don’t suffer from jitter, e.g. audio, this periodicity start time is simply the arrival time of the first application packet at RAN. However, for traffic flows that suffer from jitter, e.g. video, an absolute periodicity start time cannot be determined by RAN from a single application packet arrival, since this includes unknown random jitter. As such, it is useful for the RAN to know an absolute time for the periodicity start, e.g. the start/middle/end of the jitter range in one of the periodic cycles, together with an indication about which part of the jitter range this absolute time refers to.

· delay budget of the application packet for radio interface (i.e. “time budget for a packet to be transmitted over the air from a gNB to a UE” [2]), per application flow.


These information types can be used by RAN1/RAN2 to enable power saving mechanisms in different ways. The traffic flow periodicity can be used to match the C-DRX cycle length to it and thus limit the delay. If the traffic periodicity is not already a supported DRX cycle length, as for e.g., video traffic with non-integer periodicities, a useful C-DRX enhancement based on it is to match the cycles with these traffic periodicities [3]. Subsequently, when configuring a DRX cycle to match the traffic periodicity, the periodicity start time would also be needed to determine the subframe and slot offset of the DRX cycle. Furthermore, having knowledge about all periodicities of all traffic flows allows for better configurations of existing DRX features (e.g. DRX cycle length as minimum/mean periodicity over all flows), or enhancing DRX features. 
The jitter range information can be used by the RAN to e.g., configure a suitable drx-onDurationTimer value and offset of the DRX cycle, so that the traffic delay is limited. Note that information about the periodicity alone is not sufficient to predict the application packet arrival time, for traffic flows that suffer from jitter. For instance, video traffic is assumed to have random jitter spanning a rather long duration of 8 ms. Furthermore, information about the jitter range can be used for different PDCCH and CDRX enhancements, where the jitter range is covered by monitoring periods, while time in between two video frames can be skipped for monitoring since video traffic is not expected there.
The delay budget of the application packet for the radio interface per flow, can be used to select suitable DRX periodicities that enable fulfilling the delay requirements for a given flow. Furthermore, knowing this information for all XR traffic flows can be used to simplify the selection of DRX parameter values, e.g. configure and align DRX solely according to the most constrained traffic flow, if the requirements of other flows are anyway a lot more relaxed and thus met. 
Finally, the above information types could be useful also for configuring PDCCH monitoring adaptation features like SSSG switching and PDCCH skipping. These features could be triggered based on the expected traffic arrival time, which can then be predicted by the RAN based on the periodicity information. 

Based on the discussion in this document, we propose the following reply from RAN1:
From RAN perspective, to optimize power consumption a UE should minimize wake-up time to occasions when it is necessary to transmit data to reach packet delay budget for delay-critical traffic. This requires gNB to know traffic characteristics to be able to assist UE and provide an optimal configuration.
The following characteristics of traffic can be helpful to RAN for achieving this:
· application packet periodicity (generation rate) and periodicity changes for each application traffic flow
· application packet periodicity start time per application flow
· application packet jitter information, e.g. range, per application flow
· delay budget of the application packet for radio interface, per application flow.


Conclusion
Based on the discussion in this document, we propose the following reply from RAN1:
From RAN perspective, to optimize power consumption a UE should minimize wake-up time to occasions when it is necessary to transmit data to reach packet delay budget for delay-critical traffic. This requires gNB to know traffic characteristics to be able to assist UE and provide an optimal configuration.
The following characteristics of traffic can be helpful to RAN for achieving this:
· application packet periodicity (generation rate) and periodicity changes for each application traffic flow
· application packet periodicity start time per application flow
· application packet jitter information, e.g. range, per application flow
· delay budget of the application packet for radio interface, per application flow.
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