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[bookmark: _Ref109647701]Introduction
A new Rel-18 Study Item for XR enhancements in NR has been approved in RAN#94. Three main topics are to be studied in RAN1 and RAN2: XR-awareness, XR-specific power saving, and XR-specific capacity improvements.
As clarified in [1] ,the study is to be based on Release 17 TR 38.838, on corresponding Release 17 work from SA4 (as per SP-210043) and on Release 18 work from SA2 (as per SP-211166). 
The objectives of the Study Item are as following: 
· XR-awareness (RAN2):
· Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of.
· Study how the above information aids XR-specific traffic handling.
· 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.
· XR-specific capacity improvements (RAN1, RAN2):
· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms:
· SPS and CG enhancements;
RAN2 is tasked to initiate the work on XR awareness in cooperation with SA2 and decide on what information from XR server and 5G-CN to 5G-RAN is helpful for better XR-specific traffic handling.
Awareness about 5G-RAN at the application side means 5G-RAN exposure to the application to help the application quickly adjust and adapt to the 5G-RAN network conditions (congestion, handover, interference, beam blockage, …) or to be proactive about the potential degradation and variation of network conditions. The application can quickly and efficiently adapt the codec rate to help provide the desired QoE and guarantee good system capacity.
5G-RAN awareness of the application, on the other hand, helps to better schedule the XR traffic. Awareness of the XR traffic characteristics at 5G-RAN (e.g. Frame periodicity, Jitter, burst sizes, frame importance, frames correlation, PDU Set…) helps the gNB to carry better scheduling by adjusting the SPS/CG/C-DRX configurations, and carry better prioritization and dropping (e.g. dropping PDUs belonging to a PDU Set with less importance, or dropping the PDU Set if some of its PDUs are lost).

An LS was sent from SA2 [3] requesting RAN1, RAN2 to provide inputs on which type of information will be useful for the 5G-RAN to be aware of to improve power consumption for XR applications (e.g., XR/media traffic characteristics, traffic pattern and statistics).
A reply LS was sent from RAN1 [3] to SA2 and RAN2 to identify the possible candidate information for each XR application flow and has listed the following information:
· PDU Set periodicity and start time of the first PDU of a PDU Set
· PDU Set end indication or indication of the last PDU in a PDU Set
· PDU Set level QoS parameters including priority and [air interface] delay budget of a PDU Set
· PDU Set size (number of bits) or number of PDUs in a PDU Set
· PDU Set identity and relationship information among PDUs within the same PDU Set
· Jitter information such as the range of the jitter (minimum and maximum value)
In this Tdoc, we discuss XR awareness enhancement and mechanisms for the signaling of XR traffic characteristics.  

XR Traffic characteristics
The XR traffic is a quasi-periodic traffic with the period equal to the inverse of the XR frame rate. Hence, if the frame rate is 60 frames per second (fps), the periodicity is 16.67 ms. The XR traffic suffers from jitter due to the delay variations at the codec to encode the video frames. The jitter was statistically modelled in 3GPP RAN1 Rel-17 SI [4] as truncated Gaussian distribution with 2ms standard deviation and +/-4 ms range.
The XR packet size is also variable due to the variability in the video frame sizes (I-frames, P-frames, B-frames) and was also statistically modelled in 3GPP RAN1 Rel-17 SI [4] as truncated Gaussian distribution with Mean = (average data rate) / (fps for video stream) / 8 [bytes] and [STD, Max, Min] = [10.5, 150, 50 ] % of the Mean. 
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In the UL direction, the pose/control information is modelled in 3GPP RAN1 Rel-17 SI [4] as periodic (e.g. 4 ms periodicity assumed in RAN1) with fixed packet size (e.g. 100 bytes assumed in RAN1) and with no jitter. 
For UL AR traffic, there was no jitter values modelled in RAN1. The jitter for the UL traffic should be smaller than for the DL traffic and the jitter variation is less critical.
Also, the concept of “PDU Set” was introduced in SA2 and defined as [5]:
“A PDU Set is composed of one or more PDUs carrying the payload of one unit of information generated at the application level (e.g. a frame or video slice for XRM Services, as used in TR 26.926). In some implementations all PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information. In other implementations, the application layer can still recover parts all or of the information unit, when some PDUs are missing.”
Therefore, a PDU Set consists of PDUs that share the same QoS requirements and awareness about PDU Set at the 5G-RAN is needed to further optimize the scheduling and the user QoE.
RAN Awareness of XR traffic characteristics 
5G-RAN awareness of XR traffic characteristics is very important to be specified and supported as it allows 5G-RAN to optimize the scheduling and guarantee good QoE. 
The video frame/slice periodicity is useful for 5G-RAN to configure C-DRX/SPS/CG periodicity. The exact start time of the video frame/slice is useful to configure C-DRX/SPS/CG offset. Awareness about the jitter statistics at 5G-RAN is useful to configure the C-DRX On-Duration. Also, statistics about the packet size is useful to configure the C-DRX inactivity timer.  
In addition, with the concept of PDU Set introduced in SA2, awareness about PDU Set properties and signalling of PDU Set information and the marking of PDUs belonging to the same PDU Set is very important to further optimize the 5G-RAN scheduling. 
At the codec level, a video slice carried on a PDU Set is processed as a whole. And the video slice may not be decoded at the codec unless all the PDUs belonging to the associated PDU Set are successfully delivered. Hence, awareness at 5G-RAN about the dependency between PDUs in a PDU Set could be very helpful to optimize the scheduling. For example, if some PDUs in a PDU Set are lost or dropped, the gNB doesn’t need to continue the transmission of the remaining PDUs in a PDU Set. This information is also useful for prioritization, e.g. prioritizing last PDUs of a PDU Set versus the start of a new PDU Set. Also, priority of PDU Set could be introduced. For example, PDU Set carrying an I-slice can be scheduled with higher priority compared to PDU Set carrying P-slice. Signalling the number of PDUs in PDU Set can be useful to configure the C-DRX inactivity timer, and useful to plan the SPS/CG resource allocation. 
Awareness at the 5G-RAN about the above traffic characteristics is very important to improve the user QoE and improve the RAN scheduling, hence improving the system capacity and spectral efficiency. 
The XR traffic characteristics can be classified into static (to be signaled out-of-band) and dynamic (to be signaled in-band). For example, the XR traffic periodicity requires an out-of-band signaling as it is not changing very frequently. However, the marking of PDUs in PDU Set requires in-band signaling as it is more dynamic. Hence, the two categories of traffic characteristics may need two different mechanisms for the signaling from the XR server or the video codec to the 5G-RAN. For the dynamic signaling, the RTP header can be used to signal the dynamic traffic characteristics.
 
Proposal 1: Awarness at 5G-RAN about XR traffic periodicity and start time is required to configure C-DRX/SPS/CG parameters. 

Proposal 2: Awarness at 5G-RAN about jitter and packet size statictics is needed to optimize the C-DRX/SPS/CG configurations.

Proposal 3: Awarness at 5G-RAN about PDU Set and marking of PDUs belonging to PDU set is needed to optimize 5G-RAN scheduling, prioritaztion and dropping.

Proposal 4: Classify XR traffic characterstics into two categories: dynamic and static characterstics.

Signalling of XR traffic characteristics 
Signaling of the static XR traffic characteristics from the XR server or the video codec to 5G-RAN can be done in two steps: Step (1) from XR server / video codec to 5G-CN, and then Step (2) from 5G-CN to 5G-RAN. SDP to be used for step (1) and TSC or NGAP to be used for step (2). XR traffic characteristics is mapped from SDP to TSC or from SDP to NGAP. The mapping could be done by directly mapping a field to another field, for example mapping SDP frame-rate subfield to the TSCAI periodicity field.

TSN is specified by IEEE 802 to allow Ethernet networks to offer QoS Guarantees and deterministic connectivity. 3GPP 5G NR Rel-16 has extended the support of wired TSN to 5G network. Both 5G URLLC and TSN have been designed to enable applications with low latency and high reliability requirements. 3GPP has performed significant standardization work to integrate both technologies to mainly enable industrial applications with very stringent latency and reliability requirements. 
Time Sensitive Communication Assistance Information (TSCAI) parameters are configured according to the information from the TSN AF. TSCAI describes traffic characteristics for use in 5G. The knowledge of TSN traffic pattern is useful for the gNB to efficiently schedule periodic, deterministic traffic flows either via Configured Grant, Semi-Persistent Scheduling or with Dynamic Grant.

The TSC traffic characteristics for use in 5G are: the flow direction: to signal the direction of the TSC flow (uplink or downlink), the periodicity: to signal the time period between the start of two bursts, the burst arrival time: to signal the latest possible time when the first packet of the data burst arrives at either the ingress of the RAN or egress interface of the UE and the survival time: to signal the time period an application can survive without any data burst.

NG Application Protocol (NGAP) enables the control plane signalling between NG-RAN node and the Access and Mobility Function (AMF). The NGAP protocol is defined in TS 38.413. 

To signal the information to RAN, mapping to the existing attributes could be used and new attributes could also be added to TSCAI assistance information of the TSC flow as in Table 1. Alternatively, a new Information element could be added to NGAP message (e.g., PDU Session Resource Setup Request or PDU Session Resource Modify Request message) with possibly multiple attributes for the traffic characteristics as in Table 2 and Table 3. For NGAP, the “PDU Session Resource Setup Request” could be used. The AMF sends this message to request the NG-RAN node to assign resources on Uu and NG-U for one or several PDU session resources [TS 38.413]. The “PDU Session Resource Modify Request message” could also be used. The AMF sends this message to request the NG-RAN node to enable modifications of already established PDU session resources for a given UE [TS 38.413]. 

The SDP protocol could be used in this context. The SDP is a well-established format used by entities to agree on compatible media types and parameters for interactions like voice and video. A mapping of some SDP attributes to some TSC or “NGAP messages” existing or new attributes could be used to signal the traffic characteristics to 5G-RAN.
Within the 5GS, the existing TSCAI “Periodicity” attribute is to be mapped to the XR/Cloud-Gaming and/or media traffic periodicity, which could be useful to configure the C-DRX cycle, SPS periodicity and CG periodicity. To get the periodicity information, the SDP frame rate attribute (a=framerate:<frame rate>) (rfc4566, rfc2327) could be mapped to the TSCAI “Periodicity”.
A new TSCAI attribute could be specified to signal the video frame size or the video frame duration (e.g. in ms). This information would be useful for 5G-RAN to configure for example the DRX-Inactivity-Timer. The TSCAI attribute could be mapped from the SDP packet time attribute. Maximum Packet Time: a=maxptime:<maximum packet time> is the maximum amount of media that can be encapsulated in each packet, expressed as time in milliseconds and Packet Time a=ptime:<packet time> is defined as the length of time in milliseconds represented by the media in a packet.

A start time of a specific flow could be indicated to 5G-RAN to help improve the scheduling by configuring for example the C-DRX/SPS/CG periodicity start offset. The existing TSN attribute “Burst Arrival Time” could be used to signal this information to the 5G-RAN. The TSN attribute “Burst Arrival Time” could be determined from the SDP attribute “t=<start time>” (rfc2327) which specifies the start time for a media session.

Jitter statistics could be estimated at the codec level or at the 5G AF and signalled to the 5G-RAN.  One or multiple new TSC attributes (e.g. Jitter mean, STD, maximum, minimum) could be defined to signal this information to the 5G-RAN. An algorithm could be specified to estimate the jitter and derive the jitter statistics at the 5G AF or at the codec level (using filtering/averaging methods). The jitter statistics could be signalled per media flow (audio, video, …) or/and per video frame/slice type. 

Regarding the in-band signalling, GTP-U header can be used to carry information about the “PDU Set”. GTP-U is used by UPF to transmit the data from 5G-CN network UPF to the gNB. A PDU session container is included in the GTP-U header to identify the QoS flow. 


Proposal 5: Signalling of static traffic characteristics from XR server / video codec to 5G-CN should use SDP attributes. 

Proposal 6: Signalling of static traffic characteristics from 5G-CN to 5G-RAN should use existing and new TSCAI attributes or new NGAP IE. 

Proposal 7: Jitter statistics could be estimated at the codec level or at the 5G AF and signalled to the 5G-RAN.  
Proposal 8: For in-band signalling, GTP-U header can be used to carry information about the “PDU Set”.

Conclusion
In this contribution, we have presented several potential enhancements for the XR service that could be studied to enable XR awareness in 5G.
We made the following proposals: 
Proposal 1: Awarness at 5G-RAN about XR traffic periodicity and start time is required to configure C-DRX/SPS/CG parameters. 
Proposal 2: Awarness at 5G-RAN about jitter and packet size statictics is needed to optimize the C-DRX/SPS/CG configurations.
Proposal 3: Awarness at 5G-RAN about PDU Set and marking of PDUs belonging to PDU set is needed to optimize 5G-RAN scheduling, prioritaztion and dropping.
Proposal 4: Classify XR traffic characterstics into two categories: dynamic and static characterstics.
Proposal 5: Signalling of static traffic characteristics from XR server / video codec to 5G-CN should use SDP attributes. 
Proposal 6: Signalling of static traffic characteristics from 5G-CN to 5G-RAN should use existing and new TSCAI attributes or new NGAP IE. 
Proposal 7: Jitter statistics could be estimated at the codec level or at the 5G AF and signalled to the 5G-RAN.  
Proposal 8: For in-band signalling, GTP-U header can be used to carry information about the “PDU Set”.
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APPENDIX
[bookmark: _Ref109409962]Table 1: TSC Assistance Information (TSCAI) - Existing Fields and new Fields and mapping to 5G-RAN configuration
	Assistance Information
	Description
	New field in TSCAI (Yes/No)
	Mapping to 5G-RAN Configuration for XR traffic

	Flow Direction
	The direction of the TSC flow (uplink or downlink).
	N
	Useful to determine if the traffic characteristics are for UL or DL. 

	Periodicity 
	It refers to the time period between start of two data bursts.
	N
	Useful to configure the C-DRX cycle, SPS periodicity and Configured Grant periodicity

	Burst Arrival Time (optional)
	The latest possible time when the first packet of the data burst arrives at either the ingress of the RAN (downlink flow direction) or the egress interface of the UE (uplink flow direction).
	N
	Useful to configure C-DRX/SPS/CG offset

	Survival Time (optional)
	Survival Time, as defined in TS 22.261 [2], refers to the time period an application can survive without any data burst.
	N
	

	Jitter
	Jitter statistics such as, mean, standard deviation and the range of the jitter
	Y
	Useful to configure the C-DRX On-Duration for XR media traffic.  

	Video frame/slice  or “PDU Set” size/duration
	Statistics of the PDU Set sizes, the video frame sizes or the video frame durations, such as, mean, standard deviation and the range
	Y
	Useful to configure the SPS and Configured Grant (CG) resources and/or C-DRX inactivity timer. 

	Delay Budget
	Delay budget, wherein the delay budget can include one or multiple of: per application, per traffic flow, per type of video frame, per type of video slice, per PDU Set, etc.
	Y
	Useful to optimize the RAN scheduling and optimize the packets dropping. 

	Traffic type
	Indicate to which traffic type, the TSCAI attributes apply to, e.g. URLLC/IIoT, XR
	Y
	To differentiate between XR traffic characteristics and traffic characteristics of other services like URLLC/IIoT

	XR Traffic flow
	To identify which traffic flow the characteristics apply to (audio, video, haptic, control/pose information, …) 
	Y
	Useful to select a C-DRX/SPS/CG configuration amongst multiple C-DRX/SPS/CG configurations for the different flows. 

	Encryption key
	sRTP encryption key. 
	Y
	Useful to decrypt sRTP packets for header information useful for gNB scheduling. E.g. to be used to prioritize PDU Sets. 

	Group of Pictures (GoP) information
	Group of Pictures (GoP) information, wherein the information can include one or multiple of: size of the GoP, start or time offset of the GoP, type of video frames/slices in the GoP
	Y
	Useful at 5G-RAN to locate the different video frames and slices ( I/P/B) and to determine the correlation between the video frames/slices.

	Sync information
	Synchronization information can include one or multiple of: synchronization requirement per flow, dependency between traffic flows, positive or negative time offset w.r.t to master clock, positive or negative time offset w.r.t to a specific flow, request to adjust the timing.  
	Y
	Useful to configure the offset between the different C-DRX/SPS/CG configurations. Useful to adjust the C-DRX/SPS/CG start time.

	Configuration granularity
	A bitfield that could be used to indicate the interpretation of some other fields: e.g. for the periodicity 0 means packet level periodicity, 1 means video slice/frame level, ...
	Y
	Indicates to 5G-RAN the interpretation of some signaled parameters.



[bookmark: _Ref109421186]Table 2: PDU SESSION RESOURCE SETUP REQUEST AND THE NEW XR TRAFFIC IE
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	AMF UE NGAP ID
	M
	
	9.3.3.1
	
	YES
	reject

	RAN UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	reject

	RAN Paging Priority
	O 
	
	9.3.3.15
	
	YES
	ignore

	NAS-PDU
	O
	
	9.3.3.4
	
	YES
	reject

	PDU Session Resource Setup Request List
	
	1
	
	
	YES
	reject

	>PDU Session Resource Setup Request Item
	
	1..<maxnoofPDUSessions>
	
	
	-
	

	>>PDU Session ID
	M
	
	9.3.1.50
	
	-
	

	>>PDU Session NAS-PDU
	O
	
	NAS-PDU
9.3.3.4
	
	-
	

	>>S-NSSAI 
	M
	
	9.3.1.24
	
	-
	

	>>PDU Session Resource Setup Request Transfer
	M
	
	OCTET STRING
	Containing the PDU Session Resource Setup Request Transfer IE specified in subclause 9.3.4.1.
	-
	

	>>PDU Session Expected UE Activity Behaviour
	O
	
	Expected UE Activity Behaviour
9.3.1.94
	Expected UE Activity Behaviour for the PDU Session.
	YES
	ignore

	UE Aggregate Maximum Bit Rate
	O
	
	9.3.1.58
	
	YES
	ignore

	UE Slice Maximum Bit Rate List
	O
	
	9.3.1.231
	
	YES
	ignore

	XR Traffic Characteristics
	O
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Table 3: XR Traffic Characteristics IE
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	XR Traffic Characteristics
	
	
	
	

	> Flow Direction
	
	
	
	This IE indicates the XR flow direction 

	 > Periodicity
	
	
	
	This IE refers to the time period between start of two XR data bursts for a specific flow

	 > Burst Arrival Time
	
	
	
	This IE indicates the time when the first packet of the data burst arrives at either the ingress of the RAN (downlink flow direction) or the egress interface of the UE (uplink flow direction).

	> Jitter
	
	
	
	This IE indicates the jitter statistics such as, mean, standard deviation and the range of the jitter

	> Video frame/slice  or “PDU Set” size/duration
	
	
	
	This IE indicates the statistics of the PDU Set sizes, the video frame sizes or the video frame durations, such as, mean, standard deviation and the range

	> Delay Budget
	
	
	
	This IE indicates the delay budget, wherein the delay budget can include one or multiple of: per application, per traffic flow, per type of video frame, per type of video slice, per PDU Set, etc.

	> Traffic type
	
	
	
	This IE indicates to which traffic type, the TSCAI attributes apply to, e.g. URLLC/IIoT, XR

	> XR Traffic flow
	
	
	
	This IE indicates to which traffic flow the characteristics apply to (audio, video, haptic, control/pose information, …)  

	> Encryption key
	
	
	
	This IE indicates sRTP encryption key.

	> Group of Pictures (GoP) information
	
	
	
	This IE indicates Group of Pictures (GoP) information, wherein the information can include one or multiple of: size of the GoP, start or time offset of the GoP, type of video frames/slices in the GoP

	> Sync information
	
	
	
	This IE indicates the synchronization information which can include one or multiple of: synchronization requirement per flow, dependency between traffic flows, positive or negative time offset w.r.t to master clock, positive or negative time offset w.r.t to a specific flow, request to adjust the timing.  

	>Configuration granularity
	
	
	
	This IE is a bitfield that could be used to indicate the interpretation of some other fields: e.g. for the periodicity 0 means packet level periodicity, 1 means video slice/frame level, ...
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