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Introduction

In XR SID [1], the objective of XR specific power saving is as follows:

	Objectives on XR-specific Power Saving (RAN1, RAN2):

Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc...). Focus is on the following techniques:

C-DRX enhancement.

PDCCH monitoring enhancement.


In RAN2#119e meeting, an LS was sent to SA2 with the below information：

	RAN2 would like to inform SA2 that RAN2 have made the following agreements regarding XR-awareness in RAN:

RAN2 to adopt the current SA2 definition of PDU Set as an application media unit as working assumption, subjected to further guidance from SA2 and SA4. 

RAN2 assumes that PDU Set based parameters and PDU Set related information may be used for better support of XR services. RAN2 can consider both UL and DL directions.

RAN2 will study PDU Set based parameters and PDU Set related information handling in Network and UE.

XR awareness discussion in RAN2 should consider PDU set characteristics and how to use the information available on those (for UL and/or DL). Can also consider how to handle data bursts.
RAN2 can study e.g. periodicity, arrival time, jitter and frame-size variations for XR awareness to enable power savings and capacity enhancements. Can study also how often such parameters change (i.e. how dynamic they are).

RAN2 will provide further update to SA2 after RAN2 reach more conclusions on further details regarding which information will be useful to RAN for UE power savings for XR and media services.


After RAN2#119e meeting, an offline on the XR specific information for RAN power saving has been discussed. The summary is provided in [2] and will be submitted in this RAN2 meeting. 
In this contribution, we will provide our views on XR specific Information which are expected to be provided by 5GC for RAN Power Saving.

Discussion

According to Rel-17 XR SI output [3], XR traffic in DL mainly consists of video traffic, with certain PDB and PER requirements to ensure the user experience. Regarding video traffic, the video frames are encoded by the codec with a given frame rate. The frame rates include 30 fps, 60 fps, 90 fps, 120 fps and so on. The data of one frame may be mapped to multiple PDU sets with each PDU set corresponding to one slice of a picture or mapped to one PDU set. Hence, these frame rates determine the periodicity of video traffic arrival, which would affect the configuration of C-DRX. To configure C-DRX cycle appropriately to match the XR DL video traffic, the frame or data burst periodicity is expected to be provided to RAN.

Secondly, the size of a DL video frame may vary from time to time. These various frame sizes would require non-uniform monitoring behavior to ensure data scheduling and transmission. However, due to the periodical PDCCH monitoring, the various frame size could lead to unnecessary PDCCH monitoring. Therefore, the boundary of a frame/data burst, or the indication of the last packet of a frame/data burst, is expected to be provided for early termination of PDCCH monitoring, e.g. ending the DRX on-duration when the indication of the last packet is received. Besides the last packet indication needs to be included in the last packet of a frame/data burst and SN needs to be carried in each packet to avoid potential ambiguity issues in the case that the packets belonging to a frame/data burst arrive at gNB out of order. 

With this information, gNB could provide RAN configurations appropriately for DRX or PDCCH monitoring, which will beneficial for UE power saving. 

Among the data burst information, including periodicity, SN and boundary, the periodicity is semi-static information that can be indicated via control signaling, e.g. NG-AP signaling, while the SN and boundary are dynamic information that needs to be indicated in the data packets, e.g. in GTP header. 

Proposal 1: RAN2 to confirm that data burst information, including periodicity, SN, and boundary (e.g. indication of the last PDU in a data burst), is helpful for the RAN power saving enhancement for XR applications. The periodicity is semi-static information, while SN and boundary are dynamic information.

Thirdly, we think the jitter may result in extra XR device power consumption, due to the mismatch of actual traffic arrival time and the PDCCH monitoring occasions. Considering the unpredictable situation (e.g. congestion) of the transport network between the XR server and RAN of the XR client side, the data burst, which is generated according to a known time pattern at the server side, may arrive at the serving gNB of the client side with some random delta value in the time domain when compared with its expected arrival time. If one data burst arrives earlier than its expected arrival time while the UE still starts the PDCCH monitoring at the expected arrival time, the data burst has to be buffered until the UE starts the PDCCH monitoring which may cause a high risk of PDB expiration.

To handle this issue and avoid unnecessary PDCCH monitoring before the actual arrival time of the data burst due to late data burst arrival as much as possible, the PDCCH monitoring occasions, which may be configured via DRX, should cover the potential arrival time of the data burst, considering the expected arrival time and the jitter. According to the conclusions in the RAN1#110 meeting, RAN1 does not assume instantaneous jitter value for a frame is predictable for Rel-18 XR SI power saving study before further input is provided by SA. The jitter information is semi-static information. And the potential jitter handling can only depend on the statistics jitter information, i.e. jitter range.  It would be beneficial for the PDCCH monitoring adaptation, e.g. avoiding unnecessary PDCCH monitoring before the actual data burst arrival as much as possible. 

Proposal 2: RAN2 to confirm that jitter information of data burst, i.e. statistics characteristics of jitter(i.e. jitter range), is helpful for the RAN power saving enhancement for XR applications. The jitter information is semi-static information.
The QoS information of QoS flow (e.g. PDB and PSDB) is also considered helpful for RAN power saving. For PDU/PDU set whose PDB/PSDB is exceeded, the gNB can just discard the PDU/PDU set without performing transmission. The UE power saving is improved by skipping the monitoring for the initial transmission and the potential subsequent retransmissions. It is well known that QoS information of service is semi-static information.
Proposal 3: RAN2 to confirm that QoS information of PDU and PDU set, i.e. PDB and PSDB, is helpful for the RAN power saving enhancement for XR applications. The QoS information is semi-static information.
The dependency among PDUs within one PDU set is also considered helpful for RAN power saving. For PDU A, which can be decoded only if another associated PDU (e.g. PDU B) is received successfully, early dropping of PDU A can be performed by gNB when the PDU B is dropped, even the PDB/PSDB associated with PDU A allows more transmissions/retransmissions. The UE power saving could be saved by such early dropping of unnecessary transmissions/retransmission, which leads to early termination of PDCCH monitoring for PDU A. 

It is worth noticing that dependency also exists among PDU sets. For example, the decoding of the P frame(s) depends on the associated I frame. If CN decides to map the I frame and P frame into different PDU sets, then the PDU set level dependency also exists. In addition, if CN decides to map I frame and P frame into different QoS flows due to different QoS requirements, the PDU set level dependency cross QoS flows also exists. But as this is being discussed in SA2/SA4, the final decision should be made in SA2/SA4.

In addition, the importance and priority of each PDU are obviously useful for gNB to perform scheduling, e.g. determining which PDU should be scheduled first when congestion occurs. With this information, UE power consumption could be saved.

As discussed above, the packets of one XR service may have different importance, priority, dependency characteristics. Hence, importance, priority, dependency characteristics are dynamic information that needs to be indicated per data packet, e.g. in GTP header.
Proposal 4: RAN2 to confirm that XR service characteristics, e.g. importance, priority, dependency, etc, are helpful for the RAN power saving enhancement for XR applications. The dependency includes intra-flow dependency among PDUs within one PDU set, and intra-flow dependency among intra-QoS flow PDU sets, and inter-flow dependency among inter-QoS flow PDU sets. The XR service characteristics are dynamic information.
Conclusion

In this contribution, we discuss the issues related to power saving for XR. Based on the discussion, we have the following proposals regarding which information from 5GC is helpful for the RAN power saving enhancement:

Proposal 1: RAN2 to confirm that data burst information, including periodicity, SN, and boundary (e.g. indication of the last PDU in a data burst), is helpful for the RAN power saving enhancement for XR applications. The periodicity is semi-static information, while SN and boundary are dynamic information.

Proposal 2: RAN2 to confirm that jitter information of data burst, i.e. statistics characteristics of jitter(i.e. jitter range), is helpful for the RAN power saving enhancement for XR applications. The jitter information is semi-static information.
Proposal 3: RAN2 to confirm that QoS information of PDU and PDU set, i.e. PDB and PSDB, is helpful for the RAN power saving enhancement for XR applications. The QoS information is semi-static information.
Proposal 4: RAN2 to confirm that XR service characteristics, e.g. importance, priority, dependency, etc, are helpful for the RAN power saving enhancement for XR applications. The dependency includes intra-flow dependency among PDUs within one PDU set, and intra-flow dependency among intra-QoS flow PDU sets, and inter-flow dependency among inter-QoS flow PDU sets. The XR service characteristics are dynamic information.
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