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Introduction
[bookmark: _Hlk30969022]A study item of eXtended Reality (XR) and cloud game (CG) evaluations for NR was approved in RAN#88e with the following objectives [1]:
	1. [bookmark: _Hlk30969040]Confirm XR and Cloud Gaming applications of interest
2. Identify the traffic model for each application of interest taking outcome of SA WG4 work as input, including considering different upper layer assumptions, e.g. rendering latency, codec compression capability etc.
3. Identify evaluation methodology to assess XR and CG performance along with identification of KPIs of interest for relevant deployment scenarios
4. Once traffic model and evaluation methodologies are agreed, carry out performance evaluations towards characterization of identified KPIs 


To be specific, there are four typical applications suggested as the starting points for this study [1]:
· VR1: “Viewport dependent streaming”
· VR2: “Split Rendering: Viewport rendering with Time Warp in device”
· AR1: “XR Distributed Computing”
· AR2: “XR Conversational”
· CG: Cloud Gaming
In this contribution, we will discuss the support of XR/CG service from the perspective of 5G ecosystem and try to discuss the feasibility and possibility of some new NR-based technology to provide better supporting for  XR/CG services.
Discussion
XR and Cloud Gaming are considered as the most important 5G media application by the industry and getting significant attentions. One of the basic structures for the study of [1] is using the edge computing. Since the entity of edge computing is deployed in the radio network, the service can achieve low latency. A general procedure is as below
1. UE transmits data to the gNB 
2. gNB transfers the received information to a nearby edge computing entity  
3. The edge computing entity generates the response and transfers it to the gNB
4. gNB transmits the response to the UE 
As gNB and edge computing entity are usually connected by optical fiber, the communication between them may have high data rate, low latency and high reliability. On the other hand, the transmission between UE and gNB is impacted by random wireless environment. Thus, we need to investigate the support of XR/CG via NR Uu interface. The traffic models and performance requirements of XR/CG services are the key input for this kind of evaluations.
In 3GPP, there have been lots of work on XR and CG on various aspects, e.g., use case, service architectures, service flow, traffic characteristics, performance requirement, gap analysis and so on.  Some of those works were captured in [2][3][4][5]. TR 26.928 collects information on XR in the context of 5G radio and network services, where use cases and device types are classified, and processing and media centric architectures are introduced.  Based on the study, some initial traffic characteristics for different XR architectures were given in TR 26.928 as below 

Table 1: Initial Traffic Characteristics for different architectures [2]
	 Architecture
	DL Rate range
	UL Rate range
	DL PDB
	UL PDB
	RTT 
	DL PER range
	UL PER range
	Traffic periodicity range
	Traffic file size distribution

	Viewport independent streaming
	100 MBPs
	HTTP requests every second. TCP handshake
	See adaptive streaming
	See adaptive streaming
	See adaptive streaming and TCP equation
	10e-6
	10e-6
	Almost constant
	 Almost constant

	Viewport dependent streaming 
	25 MBPs
	More frequent HTTP requests every 100ms. TCP handshake
	See adaptive streaming
	See adaptive streaming
	See adaptive streaming and TCP equation
	10e-6
	10e-6
	Almost constant
	 Almost constant

	Viewport Rendering in Network case 1
	 100 MBit/s
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	Viewport Rendering in Network case 2
	 1 GBit/s
	 FFS
	 FFS
	 FFS
	 FFS
	 FFS
	 FFS
	 FFS
	 FFS

	Viewport Rendering in Network case 3
	10 Gbit/s
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	Raster-based Split Rendering with Pose Correction
	100 Mbit/s
	500 kbit/s
	20ms
	10ms
	50ms
	FFS
	FFS
	Almost constant
	FFS

	Generalized Split Rendering
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	XR Distributed Computing
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	XR Conversational
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	XR Conferencing

Details are FFS
	3Mbit/s up to 50Mbit/s per user
	3Mbit/s up to 50Mbit/s
	Allowing real time communication
	Allowing real time communication
	Allowing real time communication
	FFS
	FFS
	almost constant (with peek during start-up)
	> 50Mb at the beginning, depending on media consumption no or almost constant 



TR 22.842 also investigated new use cases of XR/CG services and provided traffic requirement for typical use cases as below:
Table 2 KPI Table of interactive service

	Use Cases
	Characteristic parameter (KPI)
	Influence quantity

	
	Max Allowed End-to-end latency
	Service bit rate: user-experienced data rate
	Reliability
	# of UEs

	UE Speed
	Service Area
NOTE 2

	Cloud/Edge/Split Rendering
NOTE 1
	[CPR.P-001] 5ms (i.e. UL+DL)
	[CPR.P-003] [x] Gbps supporting visual content (e.g. VR based or high definition video) with 4K, 8K resolution and up to120fps content.
Editor Note: Exact peak data rate is waiting for SA4 response.
	[CPR.P-004] 99.99% in uplink and 99.9% in downlink
	-
	[CPR.P-007] Stationary or Pedestrian
	[CPR.P-008] Countrywide

	Gaming or Interactive Data Exchanging 
NOTE 3
	[CPR.P-002] 10ms
	[x] Gbps supporting visual content (e.g. VR based or high definition video) with 4K, 8K resolution and up to120fps content.
Editor Note: Exact peak data rate is waiting for SA4 response.
	[CPR.P-005] 99.99%
	[CPR.P-006] ≤ [10]
	[CPR.P-007] Stationary or Pedestrian
	[CPR.P-009] 20 m x 10 m; [CPR.P-010] in one vehicle (up to 120 km/h) and in one train (up to 500 km/h)

	VR Video watching
NOTE 3
NOTE 4
	[CPR.P-008]
NOTE 5
	1- [10] Gbps supporting visual content (e.g. VR based or high definition video) with 4K, 8K resolution and above 60fps content.
NOTE 6
	[CPR.P-005] [99.99%]
	-
	[CPR.P-007] Stationary or Pedestrian
	-

	NOTE 1:	Unless otherwise specified, all communication includes one wireless link (UE to network node or network node to UE) rather than additional direct wireless links (UE to UE).
NOTE 2:	Length x width (x height).
NOTE 3:	Communication includes direct wireless links (UE to UE).
NOTE 4:   The service data rate and the corresponding end-to-end latency depend on service use case/VR rendering architecture and also the compression level.
NOTE 5:   The end-to end latency plus processing delay should satisfy the upper limit of immersive motion-to-photon latency (including tracking, pose delivery, viewport rendering, encoding, delivery, decoding and display), i.e., 20ms.
NOTE 6:   The feasibility on the radio level depends on the results from RAN and SA4



Based on the above-mentioned tables, we can see that some XR services usually have tight requirements on the following aspects
· High data rate up to 100Mbit/s or [x] Gbit/s 
· Low latency
· High reliability, e.g., low packet error rate of 10-6
In some sense, some XR/CG services require extremely good quality where the requirements of eMBB and URLLC shall be satisfied simultaneously.  For example, the XR structure “Viewport independent streaming” requires the high data rate of 100Mbit/s with a low packet error rate of 10-6. 
Observation 1: Some XR/CG services have tight requirements for data rate, low latency and reliability. 
In RAN1, there were some evaluation results submitted to RAN1#103e meeting with various evaluation assumptions. Based on the initiate evaluations from [6][7][8], only a limited number of XR/CG users can be satisfied in one NR cell, even if the requirements of the service quality are quite loose in some simulations. In some evaluation cases, a NR cell can only support less than 2 or 3 XR/CG users. 
Observation 2: A NR cell can only support a very limited number of XR/CG users via NR Uu interface. 
Some of the main constraints for supporting XR/CG only via Uu interface are as follows:
· The same frequency-domain and time-domain resource are shared by all the UEs within the cell
· Some cell-edge UEs cannot achieve high data rate and reliability due to the large pathloss and high inter-cell interference
· The users of interactive XR/CG services need to communicate with each other via network, which leads to larger latency
[bookmark: _GoBack]One approach to alleviate the above-mentioned constraints is sidelink communication. In Rel-16, V2X based on sidelink has been specified. Rel-17 will further enhance the basic sidelink of Rel-16. Compared to NR Uu interface, sidelink has the following advantages:
· Higher reuse factor of frequency-domain and time-domain resource resources: In direct communication between users, the same frequency-domain and time-domain resources can be reused because of the better spatial isolation and the directional transmission of UEs. 
· Higher spectrum efficiency: The direct communication between UEs suffers lower pathloss than the communication between UE and gNB. 
· Latency reduction: The UEs can communicate directly to each other rather than indirectly communicated via gNB. Thus, the latency can be reduced due to one-hop transmission instead of two transmissions.
· Coverage extension: For the out of coverage users, they can connect and communicate with each other without the need of coverage of network. For a user A that is in coverage and user B that is out of coverage, user B can also connect to the network via user A. Thus, the coverage of the services is extended.
· Traffic offloading: One possible scheme is that the signaling is transmitted via Uu interface and the service date is offloaded to the sidelink. In this case, the resource of Uu interface can be saved for other uers/services.
· Smooth mobility and service continuity: Service can continue with normal indirect communication when a pair of UEs can’t reach with each other directly and vice versa. Thus, the UEs support sidelink can still benefit from the indirection communication via network for service continuity.
· Power consumption reduction: Due the smaller distance of the users and less pathloss, the transmission power for data at UE side can be reduced.
· Better coordination: Normally Uu link is more suitable for communication from remote while sidelink is more suitable for direct talk. Uu link and sidelink communication are organic parts of one system. Thus, they can tightly collaborate with each other.
Observation 3: Support XR/CG services on sidelink can have various advantages. 
Operators usually have limited spectrum resource. In some countries and regions, operators can only get the new licensed spectrum at auction and would pay much for that. Thus, the spectrum is the most precious resource for an operator. In addition to licensed spectrum, there is much unlicensed spectrum around the world. The unlicensed spectrum is shared and free to all UEs, which is complementary to the licensed spectrum owned by operators. Here is a summary of the unlicensed spectrum in some countries and regions:
[image: ] 
From the above summary, we can see that there is plenty of unlicensed spectrum around the world. Especially, there is a large amount of continuous spectrum in some unlicensed bands. Those band can offer a carrier with large bandwidth, which is very suitable for high data rate of some XR/CG services.
Observation 4: Abundant unlicensed spectrum is promising to meet the high data rates of some XR/CG services. 
One concern on the support of XR/CG service on unlicensed spectrum is the achievable reliability. One traditional view is that the reliability cannot be guaranteed due to the sharing of the unlicensed spectrum. In Rel-17, there is a new WI with the objective of supporting the URLLC service on unlicensed spectrum in controlled environment [9]. Some XR/CG applications may also happen in controlled environment. In those scenarios, the mechanism(s) developed by the WI [9] can also be reused to ensure the reliability for XR/CG services. 
Observation 5: The mechanism(s) developed by Rel-17 enhancement of IIoT and URLLC can be reused to improve the reliability of the communication on unlicensed spectrum. 
On the other hand, different XR/CG have different requirement. Some XR/CG service may have lower requirement of reliability or can suffer longer latency.   For example, Raster-based Split Rendering with Pose Correction in Table 1 can endure RTT of up to 50ms. These kinds of XR/CG services on unlicensed spectrum can achieve satisfying user experiences. Moreover, the Uu link can be used with sidelink to improve the reliability in case the sidelink suffers bad quality.
Observation 6: Uu link can be used with sidelink to improve the reliability in case the sidelink suffers bad quality. 
In summary, the sidelink on unlicensed spectrum (SL-U) is a promising technology to better support XR/CG services because of the improved the system capacity and reduced the service latency.
Proposal 1: Study sidelink on unlicensed spectrum (SL-U) to support XR/CG services.
· SL-U can be controlled by network

Conclusion
In this contribution, we discussed the performance requirements of XR/CG services. As the Uu link has limited capacity to support XR/CG users, we discussed the potential technology to improve the support of XR/CG users and proposed to use sidelink on unlicensed spectrum (SL-U) for supporting XR/CG services. We also discussed the potential advantages of SL-U from different aspects and some concern. Based on the discussion, we have the following observations and proposals:
Observation 1: Some XR/CG services have tight requirements for data rate, low latency and reliability. 
Observation 2: A NR cell can only support a very limited number of XR/CG users via NR Uu interface. 
Observation 3: Support XR/CG services on sidelink can have various advantages. 
Observation 4: Abundant unlicensed spectrum is promising to meet the high data rates of some XR/CG services. 
Observation 5: The mechanism(s) developed by Rel-17 enhancement of IIoT and URLLC can be reused to improve the reliability of the communication on unlicensed spectrum. 
Observation 6: Uu link can be used with sidelink to improve the reliability in case the sidelink suffers bad quality. 
Proposal 1: Study sidelink on unlicensed spectrum (SL-U) to support XR/CG services.
· SL-U can be controlled by network
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