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Abstract of the contribution: This contribution proposes addition of traffic information that is useful for the RAN to enhance power management with CDRX.   
1. Introduction
[bookmark: _Toc352077766]This paper proposes solution for KI#8: Enhancements to power savings for XR services. In this KI the following areas of study were agreed [S2-2201812] by SA2#149E:
“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.”
In this context this paper proposes traffic information that can be used by the RAN to enhance CDRX and also how to make this information available to the RAN. 
2. Proposal
[bookmark: _Toc510607499][bookmark: _Toc518306733]This paper proposes the following updates to TR 23.700-60 clause 6.  

* Start of change * 
[bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc49966755][bookmark: _Toc50390314][bookmark: _Toc50450156][bookmark: _Toc50450368][bookmark: _Toc50451590][bookmark: _Toc50451802][bookmark: _Toc50464482][bookmark: _Toc54378876][bookmark: _Toc54776470][bookmark: _Toc57373211][bookmark: _Toc73524093][bookmark: _Toc75324078]6.X	Solution #X: Support for application packet information for CDRX enhancements
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685]6.X.1	Key Issue mapping
Editor's Note:	This clause lists the key issue(s) addressed by this solution.
This solution addresses KI#8: Enhancements to power savings for XR services. 
[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686]6.X.2	Description
[bookmark: _Toc500949101]Editor's Note: This clause will describe the solution principles and architecture assumptions for corresponding key issue(s). Sub-clause(s) may be added to capture details. 
6.X.2.1 General
We adopt the term ‘application packet’, consistent with the term ‘packet’ in [TR 38.838], where ‘a packet models the set of IP packets belong to the same video frame’. Nonetheless, we assume an application packet refers also to other types XR application flows and not only video, e.g. audio.
The following information is useful for the NG-RAN to enhance and configure CDRX: application packet periodicity and periodicity changes, and application packet jitter statistics (e.g. jitter range defined by minimum/maximum around the mean application packet periodicity), all per application flow. We discuss each of these parameters as follows.
6.X.2.2 Application packet periodicity
The application packet periodicity (i.e. generation rate at the application) can be used to enhance CDRX at the NG-RAN, such that the CDRX cycle length is matched to the inter-arrival time of the application packets. An application packet can be, for instance, a video frame with periodicity 1/(60 fps). Thus, more power could be saved at the UE while ensuring a short traffic delay, since the UE awake time could follow closely the traffic arrival. Furthermore, information about changes in this periodicity is also needed, e.g. when the application employs rate adaptation.  
We note that the periodicity is a parameter already supported in one of the NGAP information elements (IEs) in TSCAI, associated with a TSC QoS flow [TS 38.413, TS 23.501]. However, this periodicity is defined per packet burst, which does not have a clear one-to-one mapping to a single application packet. For instance, for a video traffic flow, it is not clear that a burst contains exactly one video frame.. We propose to introduce a new attribute for the periodicity per application packet basis. This attribute contains a list of periodicity values, corresponding to different application traffic flows (e.g. for video and audio flows), in case multiple such flows are multiplexed in the same QoS flow. This attribute is provided by the AF and included in the NGAP PDU Session Management procedures and associated with the applicable QoS Flow. 
Note that an equivalent way to obtain this periodicity information per application flow is to separate the application flows, each into an individual QoS flow. If this is possible, supporting only one periodicity parameter per QoS flow is sufficient. However, this separation cannot be guaranteed. Thus, to support sending the same periodicity information to the RAN, a QoS flow containing multiple application flows needs to have an associated list of periodicities.  
6.X.2.3 Application packet jitter range
The application server may, due to its limited capabilities induce a jitter to the generation of the periodic application packets. To cater for jitter induced by the transport network, the 5GC can add a fixed jitter value, e.g. preconfigured by the operator, to the jitter provided by AF. The jitter range of the application packet is useful for the RAN to ensure a short traffic delay, while allowing the UE to save power by sleeping as long as possible outside the jitter range. Figure 1 shows an example of RAN delay values for a single UE receiving video traffic in the downlink, with different application packet periodicities. If the RAN expects the periodic traffic to suffer from jitter, but no other jitter information is known, the UE has to be awake all the time (i.e. no CDRX configured), to ensure a short traffic delay. If the RAN does not have any information about jitter and expects no jitter w.r.t. the periodicity, but in fact jitter is present, the CDRX on-time may be wrongly configured to be too short (e.g. 1 ms – much shorter than the jitter range). In such a case the delay is very long, i.e. 10-35 ms, likely exceeding the values tolerated by the application. Finally, if the RAN has information about the jitter range, it can configure CDRX to achieve a short delay equal to that for no CDRX, even with a simple standard on-time configuration. Consequently, we propose to support information about the jitter range per application flow in an additional attribute.   
    
 [image: ]
[bookmark: _Ref98149824]Figure 1	Delay for 99th percentile
Figure 1 depicts an example of RAN delay (99th percentile), for CDRX without and with information about the jitter range, for different application packet periodicities corresponding to a video flow with {120, 90, 60, 30} fps. For all CDRX configurations it is assumed that the RAN knows the application packet periodicities and the application packet transmission duration is 1.5 ms.
6.X.2.4 Introduction of new information for enhanced CDRX operation
In this solution following new information, in following text designated in bold format, is provided by AF to 5GS:
- a set of periodicities; and
- for each periodicity there is one associated jitter range. 
To avoid inducing load on the CP interfaces and to also ensure timely information update in RAN, the change of the content of the set of periodicities, e.g. due to application layer rate adaptation, is signaled in-band in the PDU Set information according to solution #8.
[bookmark: _Toc92875663][bookmark: _Toc93070687]6.X.3	Procedures
Editor's Note: This clause describes high-level procedures and information flows for the solution.
6.X.3.1 CP based initial configuration of the 5GS
The set of periodicities and the associated jitter ranges are added to the information provided by AF using the existing procedure in TS 23.502 in clauses 4.15.6.6 Setting up an AF session with required QoS and 4.15.6.6a AF session with required QoS update procedure. 
This information can be part of the TSCAI.
This new information is provided by PCF to the SMF using the existing PCF initiated SM Policy Association Modification procedure as specified in clause 4.16.5.2 of TS 23.502. The SMF then perform network requested PDU Session Modification procedure as specified in clause 4.3.3 of TS 23.502.
As part of this procedure, SMF provides the set of periodicities and associated jitter ranges associated with a QoS Flow on N2 interface to NG-RAN, e.g. as TSCAI.
6.X.3.2 In-band signaling based update of the set of periodicities
If, due to application layer specific reasons, the set of periodicities changes, the new set of periodicities is provided in the PDU Set information by means of in-band signaling as described in solution #8 as part of the PDU Set information.
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc92875664][bookmark: _Toc93070688]6.X.4	Impacts on services, entities and interfaces
Editor's Note: This clause captures impacts on existing 3GPP nodes and functional elements.

AF:
· Provision of set of periodicities and associated jitter ranges associated with a specific AF session, corresponding to different application flows, e.g. video, audio, control.
· Inclusion of the set of periodicities in the PDU Set information in the RTP extension header, see solution #8.
PCF: 
· Providing information describing set of periodicities and associated jitter ranges to SMF.
SMF:
· Inclusion of the set of periodicities and the associated jitter ranges associated with a QoS Flow information on N2 to NG-RAN.
UPF:
· Support for solution #8 (Copying set of periodicities as included in the PDU Set information from the RTP extension header into GTP-U extension header.
NG-RAN:
· Reception of a set of periodicities and the associated jitter ranges associated with a QoS Flow.
· Reception of a set of periodicities in GTP-U extension header in the PDU Set information, see solution #8. 
* End of changes * 
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