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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]For eXtended Reality (XR) evaluations for NR study item in Rel-17, agreements have been made in previous meetings [1], [2], [3] on many aspects, e.g. applications, KPIs, and evaluation assumptions/methodologies. In this contribution, we provide our initial views on challenges and potential enhancements for XR and Cloud Gaming (CG). 
[bookmark: OLE_LINK77][bookmark: OLE_LINK79]Discussion
Layered QoS transmission
[bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK7][bookmark: OLE_LINK8]As discussed in our companion paper on traffic model [4], we can see that for a given XR application, there can be multiple data streams/flows with different traffic characteristics and QoS requirements, e.g. FOV stream and omnidirectional stream in VR1: “Viewport dependent streaming” and I/P-frame in VR2/AR/CG. Considering the traffic characteristic of multiple data streams/flows in XR and CG applications, the prioritized handling and unequal error protection for different streams/flows can be considered to achieve capacity gains. As shown in Figure 1, a general layered QoS transmission framework is illustrated, where two data streams/flows are considered for simplicity. The data stream/flow with higher QoS requirement is referred to basic flow, while the other data stream/flow with lower QoS requirement is referred to as enhancement flow. In this case, enhancements on QoS and RAN that taking the different QoS requirements of the multiple streams in the layered QoS transmission can be studied to achieve capacity gains in term of supported number of XR UEs.
[image: ]
[bookmark: _Ref66891870][bookmark: OLE_LINK15][bookmark: OLE_LINK16]Figure 1. Layered QoS transmission framework
Therefore, potential enhancements on QoS and RAN design can be considered to achieve capacity gains by handling multiple data streams in XR and CG applications.
[bookmark: _Ref66972185][bookmark: _Ref68599987]Proposal 1: Layered QoS transmission can be considered to handle multiple data streams/flows in XR and CG applications to achieve capacity gains. 
Frame level integrated transmission
[bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK46][bookmark: OLE_LINK47]From network transmission perspective, each video frame may be segmented into one or multiple IP packets, and transmitted from the server to the gNB. The size of the IP packets is limited by a maximum MTU (Maximum Transfer Unit) size, e.g. 1500 Bytes. One entire video frame, which may as an example be as large as 30 kB, with exceptions potentially even 100 kB [7], can be divided into multiple IP/PDCP packets (e.g. 60 IP packets), dependent with each other. Generally, without tiling/slicing, a video frame can only be decoded and reconstructed correctly if all its associated IP packets have been correctly received [8]. If one or more packets associated to the video frame are lost, then it may not need to send the subsequent packets of that video frame. Even if the subsequent packets were successfully transmitted by RAN, they would be useless since the video frame cannot be decoded, which results in a waste of radio resource. 
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Therefore, enhancements can be done on network transmission to guarantee the video frame integrity, e.g. considering frame level QoS and coordination between source and 5G network (e.g. CN and RAN) to identify which packets belonging to one video frame. Furthermore, RAN scheduling may also need to be enhanced to support frame level integrated transmission, e.g. take “all IP packets belonging to one video frame” as an “object or entity”.
[bookmark: _Ref70445265][bookmark: _Ref66972187][bookmark: _Ref68599947]Proposal 2: Frame level integrated transmission can be considered to further enhance the XR capacity.
XR Quality Index (XQI)
For XR and CG services, the end-to-end user experience is essential to reflect XR and CG performance. However, existing KPIs, such as throughput, reliability, and latency, cannot directly reflect the user experience in XR and CG services. Therefore, existing KPIs in RAN1 may not be applicable to XR and CG services. 
[bookmark: OLE_LINK97]Generally, as shown in Figure 2, the E2E user experience in XR and CG service are influenced by three parts: XR and CG source part, network transmission part, and XR and CG terminal part. For example, people may have different user experiences of video sources with different resolutions, such as 1080p or 4K. Given the same video source, different network transmission quality may cause different packet loss and delay, and finally impact user experience. In addition, different devices may have different display qualities and will also impact user experience. Theoretically, all these three parts need to be considered when evaluating the XR and CG performance. However, this might be too complicated in practice, and also not helpful to gain insight of each part. From the perspective of the RAN domain, it is proposed to focus on the network transmission part. Therefore, it is desired to identify a KPI that can reflect the impact of network transmission on user experience in XR and CG services. For convenience, such a desired KPI is called XR Quality Index (XQI) in this contribution.
[image: ]
[bookmark: _Ref71313125]Figure 2. Three parts related to XR service quality
As discussed above, XQI should reflect the impact of network transmission. The main benefits of using XQI as a KPI for XR and CG services are as follows: 
· First, network transmission impact on user experience can be evaluated through XQI. 
· Second, based on the relationship between XQI and RAN available information, we can identify the dominant factors that impact user experience, and thus gain more insight into optimizing network transmission. 
· Third, measureable performance of XR/CG in operators’ networks can be obtained and used for network planning and optimization.
[bookmark: _Ref71314062]Observation 1: A KPI that can reflect the impact of network transmission on user experience for XR and CG services is needed.
Based on the definition of XQI, it would be calculated with RAN available information, such as packet loss information, packet delay information, and potentially with some XR/CG source information if they can be available within RAN. For example, based on the information of P-Trace provided by SA4 (especially the red parts in Table 1), the importance of each packet and the mapping relationship between packet and slice or frame can be available in RAN1 from RAN1 evaluation perspective. The packet importance refers to the importance of the slices and the frames which the packet belongs to. Different importance of the slices and the frames have different impact on the user experience. Therefore, the error of different packets may result in different user experience even with the same packet error rate, since they may belong to different slices or frames which have different importance. Therefore, if some XR/CG source related information, e.g. the mapping between packet and slices or frames and the packet importance, can be available within RAN and is considered in the KPI, the KPI can reflect the impact of network transmission on user experience more accurately.
[bookmark: _Ref71313717]Table 1. P-Trace format table in S4aV200631 [9]: P-Trace format
	(copied from S4aV200631 (attachment in SA4’s LS to RAN1))
…
3.3.4 P-Trace
For each packet in the delivery, the following information is provided.
	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)

	index
	BIGINT
	Unique index increased by 1 and indexing this row in the S-Trace file.

	s_trace
	STRING
	Reference to s_trace file containing information for each slice


…	


A relatively accurate method is to calculate the XQI based on the RAN available information by using a formula to fit subjective user experience. A comprehensive method may require further study in RAN1 and other working groups, e.g. SA4.
[bookmark: _Ref53568327][bookmark: _Ref53741715]Proposal 3: RAN1 needs to identify a KPI that can reflect the user experience in XR and CG services
· The identified KPI can reflect the impact of network transmission on the user experience.
· The identified KPI can be calculated with RAN available information, such as packet loss information, packet delay information, and potentially with some XR/CG source related information if they can be available within RAN.
Conclusions
In this contribution, the challenges and potential enhancements for XR are discussed with the following observations and proposals:
Observation 1: A KPI that can reflect the impact of network transmission on user experience for XR and CG services is needed.
Proposal 1: Layered QoS transmission can be considered to handle multiple data streams/flows in XR and CG applications to achieve capacity gains.
Proposal 2: Frame level integrated transmission can be considered to further enhance the XR capacity.
Proposal 3: RAN1 needs to identify a KPI that can reflect the user experience in XR and CG services
· The identified KPI can reflect the impact of network transmission on the user experience.
· The identified KPI can be calculated with RAN available information, such as packet loss information, packet delay information, and potentially with some XR/CG source related information if they can be available within RAN.
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