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[bookmark: _Hlk526665839]Abstract of the contribution: This paper proposes a solution for the key issue “#8” for inclusion in TR 23.700-60.
Discussion
The FS_XRM TR 23.700-60 has a Key Issue “Enhancements to power savings for XR services” as agreed in S2-2201802. As per KI description,
The objective of this Key Issue is to study whether and how to improve power management schemes like CDRX to achieve the best trade-off among key performance indicators like latency and device battery lifetime.
Solutions for this Key Issue rely on the enhancements to power saving schemes to support XR services studied during RAN1 SI on XR evaluation in Release 17 and under investigation in Release 18 and builds on top of those features.
For this Key Issue the following areas should be studied:
-	Which information (e.g. XR/media traffic characteristics, traffic pattern and statistics), if any, is needed by the RAN from the CN and/or the UE to enhance power management (i.e. CDRX). If needed, how such information is collected.
NOTE:	This Key issue requires collaboration with RAN WGs.

Currently, the 5GS support TSC Assistance Information (TSCAI) that describes TSC traffic characteristics for use in the 5G System. TSCAI includes information like flow direction, periodicity, burst arrival time and survival time. This information is intended for improving scheduling efficiency of periodic and deterministic traffic flows either via Configured Grants, Semi-Persistent Scheduling or with Dynamic Grants. However, it can be used also for configuring and adjusting UE power saving schemes. Nonetheless, TSCAI does not include all information of media services like XR applications.
Based on this, the following solution is proposed for TR 23.700-60.
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Proposal
It is proposed to add the following solution to TR 23.700-60.
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The traffic of XR applications has the following essential properties [1]:
· Video traffic is quasi-periodic with the period composed of (i) a constant/deterministic scalar, which is determined by the rate at which the application generate the application-layer data units, (ii) and a random and bounded jitter.
· Application-layer data units of the video traffic stream have random size but the range is bounded. The size of an application-layer data unit for video traffic is modeled as a random variable with bounded range.
· Pose information (as known as pose updates) is periodic with the period between two application-layer data units defined by a constant/deterministic scalar.
· Application-layer data units of the pose information stream have constant size.
· Delay budget and maximum error rate are applied to application-layer data units. To simplify the performance evaluation the application-layer data unit model (called frame-based model in Rel-17) has been considered as mandatory in Rel-17, with the optional evaluation of the packet-based model where application-layer data units are fragmented into smaller network-layer packets.

In 5G radio systems, users in connected mode keep monitoring the Physical Downlink Control Channel (PDCCH), which carries scheduling grants transmitted by gNB. This continuous monitoring of the PDCCH forces users to stay in active mode even when there is no traffic to be scheduled, thus resulting in unnecessary power consumption. To mitigate this problem, 5G defines UE power saving schemes including Connected mode DRX (CDRX) and PDCCH monitoring adaptation (e.g., PDCCH skipping and Search Space Set Group switching). Both CDRX and PDCCH monitoring adaptation offer the possibility to reduce UE power consumption by alternating between active and sleep periods, by switching the monitoring frequency of PDCCH, and/or by skipping some of the PDCCH monitoring occasions. 
UE power saving schemes can be optimally configured according to the traffic characteristics of XR traffic described above to guarantee the delivering of a packet within the PDB and at the same time maximize the power saving gain. Therefore, UE power saving scheme would benefit from application awareness in the form of additional information either carried over the user plane or new assistance information delivered using the control plane.

6.x.2	Functional Description
In particular, following information is considered as essential to maximize power savings for XR services:
· Identification of the boundaries of the PDU Set (e.g., an XR frame). RAN shall be able to distinguish PDUs that belong to the same PDU Set, the first PDU of a new PDU Set and the last PDU of the PDU Set.
· Indication of the delay budget and maximum error rate for PDU Set.

Furthermore, the following information is considered as auxiliary and/or assistance information, namely information that would assist RAN to optimally configure and improve UE power saving schemes, yet not essential for enabling power savings:
· Periodicity of the application layer traffic. Information like the rate at which PDU Sets such as XR frames and pose information packets are generated would assist the RAN to configure and adjust UE power saving schemes. 
· Jitter statistics like mean and variance as well as the maximum value of the jitter  of the PDU Set would assist RAN to configure and adjust UE power saving schemes that can tolerate the variability of the expected arrivals in order to fulfill the delay budget and error rate of the PDU Set.
· Size of the PDU Set will assist the RAN in determining whether and when to trigger a UE power saving enhancement.
· Indication of priorities, dependencies and validity time of PDU Sets would assist the RAN to decide whether and when to trigger a UE power saving enhancements.

Auxiliary information can be provided per QoS flow or per PDU Set type in the Application/Media-Stream/Sub-flow PDU Set family. For example, the application layer traffic of an XR application can be divided in three media stream PDU Sets of type  video, audio, and control, all belonging to the same QoS flow. If auxiliary information is provided per QoS flow, then one periodicity and one set of jitter statistics are provided to the network (e.g., the smallest periodicity and the largest jitter range). In contrast, if the auxiliary information is provided per PDU set-type in the Application/Media-Stream/Sub-flow family, there would be three instances (one each for video, audio and control) within the QoS Flow, then three periodicities and three jitter ranges are provided to the network.
Indication of priorities, dependencies and validity of PDU Sets would assist the RAN in selecting the parameters of power saving schemes. For example:
· DRX parameters that control the UE active time (e.g., On duration and the Inactivity time) can be configured to consider the PDB, jitter range and the validity time of the PDU Set [2]. The validity time indicates that the UE must remain active beyond the PDB even if the number of retransmissions has reached its limit. Therefore, the On duration can be opportunistically configured to prevent the UE entering in sleep mode before the validity time of the PDU Set is expired.
· PDCCH adaptation parameters (e.g., SSSGs duration and timer) that control the PDCCH monitoring frequency can be configured to consider the PDB, jitter range and the validity time of the PDU Set [2]. The monitoring frequency can be reduced only after both the PDB and the validity time of a PDU Set expire to minimize any extra scheduling delay due to less frequent PDCCH monitoring.
· PDCCH skipping can be enabled only after both the PDB and the validity time of a PDU Set expire. This prevents the UE skipping PDCCH monitoring opportunities when the PDU Set has a certain utility for the application.

We observe that part of auxiliary information can be learnt by the network using the essential information. For example, the periodicity and jitter statistics of a PDU Set Type can be estimated by measuring the inter-arrival time of the PDU Set instances. However, this requires to be able to identify packets belonging to the same PDU Set in the Application/Media-Stream/Sub-flow PDU family using solutions as the one proposed in [2].

6.x.3	Procedures
NG-RAN derives the following essential and auxiliary information from the GTP-U header (inserted by the UPF) for the user plane traffic (as proposed for solutions to Key issues #4/#5):
· Identifies the boundaries of the PDU Set (e.g., an XR frame).
· Determines dependencies of PDU Sets.
NG-RAN receives the following essential and auxiliary information from the SMF for a given PDU Set (as proposed for solutions to Key issues #4/#5) via NGAP signalling:
· Indication of the delay budget, maximum error rate for the PDU Set.
· Validity time for the PDU Set.
· Priority for the PDU Set.
· Periodicity of the PDU Sets.
· Size of the PDU Sets.
· Jitter statistics like mean and variance as well as maximum value of the jitter.
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-	UPF:
- Provides the following information as part of GTP-U header:
- Identification of PDU Set (e.g., an XR frame) boundary.
- 	Dependencies of PDU Sets.
-	SMF:
-  Provides the following information as N2SM container to NG-RAN:
-	Indication of the delay budget, maximum error rate for the PDU Set.
- 	Validity time for the PDU Set.
-	Priority for the PDU Set.
-	Periodicity of the PDU Sets.
-	Size of the PDU Sets.
-	Jitter statistics like mean and variance as well as maximum value of the jitter.

-	NG-RAN:
-  Utilizes the assistance information received in the GTP-U header of user plane traffic and NGAP signaling for improved power savings configuration.
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