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1 Introduction
3GPP TSG SA WG4 informed 3GPP TSG RAN WG1 on the recent progress for the modelling of XR Traffic for the purpose of evaluating the performance of XR application and traffic on 5G Systems and in particular the new radio in S4-201620.

SA4 has carried out work for the modelling of:
· VR2: “Split Rendering: Viewport rendering with Time Warp in device”

· AR2: “XR Conversational”

· CG: Cloud Gaming

The detailed modelling proposal is provided in the attached documents, namely

· S4aV200640 [FS_XRTraffic] Summary of XR Traffic Models for RAN1 and Open Issues

· S4aV200634 [FS_XRTraffic] Traces and Configurations for VR2, CG and AR2

The modelling is supporting traces and software modules, as well as well-defined interface definitions. 
After consultation with RAN1 colleagues, it was understood that RAN prefers statistical models for the purpose of doing simulations. The main reasons understood are:

· The need of simulation for 21 cells, each with possibly many users

· The statistical processing of the data

· Etc.

However, RAN colleagues are also interested in identifying optimizations for XR-Traffic that relate to application traffic. Examples include, but are not limited to:

1) Video-slice and video frame awareness in the delivery.
2) Different protection of video frame/slice types such as I and P-frames

3) Understanding the timing requirements of application packets

4) Periodicity of traffic due to video frame patterns

5) Etc.

In this document we discuss approaches how this collaboration could be developed based on the above assumptions. 
2 Reality and Modeling

In SA4, we defined a packet trace format defined in csv files. For each packet in the delivery, the following information is provided.
The cyan highlighted data is considered what is typically available to RAN delivery.
However, SA4 decided to provide additional signals in the traces in yellow that may be used by RAN1 in their delivery optimizations.
	Name
	Type
	Semantics

	number
	BIGINT
	Unique packet number in the delivery

	time_stamp_in_micro_s
	BIGINT
	Availability time of packet for next processing step relative to start time 0 in microseconds (0 means lost).

	size
	BIGINT
	packet size in bytes.

	user_id
	BIGINT
	assigns an id to the user in order to differentiate

	buffer
	BIGINT
	The associated eye buffer 1=left 2=right

In general, differentiates application traffic for different buffers, for example audio, video, left eye, right eye. For example mapped to port or track.

	delay
	BIGINT
	Delay observed of the packet in the last processing step (-1 means lost)

	render_timing
	BIGINT
	the rendering generation timing associated to the media included in the packet.

	number_in_unit
	BIGINT
	The number of the packet within the unit (slice), start at 1

	last_in_unit
	BIGINT
	Indicates if this is the last packet in the slice/unit 0=no, 1=yes 

	type
	BIGINT
	The data type of the unit 

0 unknown

For video 1=intra 2=inter

	importance
	BIGINT
	assigned relative importance information (higher number means higher importance)


First and foremost, the yellow information would not be available to RAN delivery in the incoming IP packets. Also RAN would have no understanding of the typical correlation of such packets or application characteristics, for example based on periodic video frames and so on.
5GS through the QoS model may provide the ability that application streams are separated into different streams or the streams are at least marked accordingly. Details would need further discussion with SA2 on how application traffic and packet properties or stream properties can be matched to the 5G System architecture. This aspect may be considered, once it is identified that certain “cross-layer” markings make sense.

Based on this, it is proposed to stick with the basic packet trace structure as defined by SA4 and that RAN1 can assume that RAN1 may have access to the above packet information. The above information may be extended by SA4 based on input contributions.
Proposal 1: It is proposed

· that SA4 develops packet traces according to the above format

· that any new packet-based markers may be added based on SA4 agreement

· that realization in the 5G System is addressed once the benefits of an approach are identified.

3 What are the benefits of Traces vs. Statistical Models?

Traces include the following information:

· Time series of packets

· Size of packets

· Association to the application

· Additional "metadata"

Traces can also directly be fed to a quality evaluation tool as shown below to obtain the application quality based on the simulation. The quality evaluation tool will then provide application centric quality.

[image: image1]
Someone said in the context of RAN1 simulations, that 

"RAN1 should prefer simple statistical models instead of accurate traces, because a statistical models can be used more easily be used to optimize the radio whereas a traces are too unpredictive 🙈 !”

This is very counter-productive and we need to make sure that key aspects in the traces are considered. Secondly, we consider traces to represent time correlations. Thirdly, traces can be used to assign application packets and importance and relevance on the application impact. There are many reasons why traces can provide significantly better information.

In summary, for proper quality evaluation, SA4 needs P’-traces to identify application quality.
Proposal 2: It is proposed

· that SA4 develops quality models based on P’-traces

4 Generation of Statistical Models

As RAN1 is in the course of developing statistical models and SA4 has traces, but at the same time RAN1 has questions on parameters for statistical models, the most suitable way is that the traces are used to develop statistical models for RAN1.

We looked at the first traces that were derived and they are attached to this document for VR2-3 and VR2-4.

We extract several statistical models for VR2-3 and VR2-4 in Figure 1 and Figure 2, respectively.

· Inter arrival distribution: what is the typical difference between packet arrival

· Packet size distribution: what are the different packet sizes

· Packet latency distributions
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Figure 1 VR2-3 Statistics
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Figure 1 VR2-4 Statistics
Observations:

· The traffic statistics can be mapped to statistics, but we need to know which statistics are needed

· It is clear that second order statistics are not represented in the above distributions

· It is also clear that depending on the configurations, the statistics are quite different.

Proposal 3: It is proposed

· that SA4 develops statistical models based on traces

· that RAN1 may develop statistical models based on traces

· that RAN1 may ask SA4 to provide statistical models for specific setups and parameters, for example

· Statistical models for packets associated to I-frames and P-frames

· Statistical models for slices and video frames

· Statistical models for different importances

5 Quality Evaluation based on Test Channels
In S4-210469, test channels are introduced in order to 
· Permit to emulate typical radio conditions in terms delays and losses.
· Permit to evaluate the application quality for different representative radio conditions.

[image: image4]
RAN1 will simulate based on statistical models whereby the statistical models may for example differentiate packet classes, as an example, different radio QoS is associated to different packets.
RAN1 can ask SA4 to evaluate the simulation and evaluation results for different test channels in order to identify the benefit of specific radio settings. For this purpose, RAN1 should support SA4 to define test channels models and configurations. Examples are

· Use Test channel with PLR 0.1% and iid delay between 0 and 20ms and simulate the quality

· Use Test channel with 

· PLR 0.1% and iid delay between 0 and 20ms for packets marked with type P

· PLR 0.01% and iid delay between 0 and 20ms for packets marked with type I

· and provide the resulting quality

Proposal 4: It is proposed

· that SA4 evaluates the quality of different configurations and radio settings through test channels

· that RAN1 supports SA4 in the development of different test channel models

· that RAN1 can ask SA4 to evaluate the simulation and evaluation results for different test channels in order to identify the benefit of specific radio settings
6 Proposal
It is proposed

· Adopt the proposals 1-4 in this document

· Send an LS to RAN1 to propose this exchange

· Document the proposals in the PD

· Start documenting these functionalities in the Technical Report
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