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1
Introduction

eXtended Reality (XR) and Cloud Gaming are some of the most important 5G media applications under consideration in the industry. XR is an umbrella term for different types of realities and refers to all real-and-virtual combined environments and human-machine interactions generated by computer technology and wearables. It includes representative forms such as Augmented Reality (AR), Mixed Reality (MR) and Virtual Reality (VR) and the areas interpolated among them.

One specific aspect to be considered is the role of Edge Computing as a network architecture to enable XR and Cloud Gaming. Edge Computing is a concept that enables cloud computing capabilities and service environments to be deployed close to the cellular network. It promises several benefits such as lower latency, higher bandwidth, reduced backhaul traffic and prospects for several new services as indicated in the SA6 Study on application architecture for enabling Edge Applications (TR 23.758). Edge Applications are expected to take advantage of the low latencies enabled by 5G and the Edge network architecture to reduce the end-to-end Application level latencies. Edge Computing is a valuable enabler which should be considered to help 5G systems achieve the required performance to enable XR and Cloud Gaming. 

The goal of this discussion was to raise the attention of 3GPP RAN towards this area, and to identify the aspects necessary for studying XR and cloud gaming specifically in RAN working groups, including areas for potential enhancements for more efficient support of XR and cloud gaming.

The email discussions started on July 8, 2019 and continued until before RAN#85 following the proposed timeline: 
Part 1: Now - Sep ‘19: Overall company interest on XR including use cases, deployment scenarios and RAN requirements

Part 2: Sep ‘19 – Dec ‘19: Candidate Objectives of the SI 

This email summary captures the discussions and draws some observations. At the end of this summary, we provide a Proposal to carry on discussions on possible objectives for a candidate SI between RAN#85 and RAN#86. 
2
Email Discussion

2.1
Q1: Use Cases for XR and Cloud Gaming

It is noted that XR use cases are discussed in detail in the SA4 study item Extended Reality (XR) in 5G (TR 26.928 and related Permanent Document). A few example use cases are described below:

· Streaming: The typical media streaming experience is enhanced with the capability of 6 Degrees of Freedom (6DoF) within a scene. 6DoF motion and interaction are allowed by changing the viewer’s angle within the scene, and by head movements with a Head Mounted Display (HMD).  The stream display may occur over VR HMDs or AR glasses on a chosen augmented wall within the home, after the spatial room configuration has been analyzed. Synchronized playback and interaction with multiple co-located viewers are possible.
· Gaming: Multi-player VR games will allow remote people to play and interact in the same game space. Users can change their in-game position by using controllers and body movements. It is possible for a game spectator to take two possible views: player’s view and spectator’s view. Interaction between a spectator and the players is also envisioned.
· Real-Time 3D Communication: Video chats are captured using 3D models of people’s heads, which can be rotated by the receiving party. Multi-party VR conferences support the blended representation of the participants into a single 360-degree video with a pre-recorded office background. Some of the conference participants may also be overlaid on an AR display. Shared presence using depth cameras is one of the features of this use case. In an instance, a virtual meeting space could be created, and the participants’ avatars could move and interact with other avatars using 6DOF. Remote participants use an HMD and audio is binaural or spatially rendered. 
· Industrial Services: One of the use cases considered by 3GPP in this area covers an AR guided assistant at a remote location for augmented instructions/collaboration. It requires AR glasses. A remote assistant is guiding a local person to perform maintenance on an industrial machine. The remote assistant can see in real-time, through the local person’s AR glasses, the local environment and the machine to be repaired. Part of the repairing instructions are sent as overlays to the AR glasses. 
Cloud Gaming use cases are also outlined in the SA1 study item on Network Controlled Interactive Services (TR 22.842).  

Q1: Do companies have any input on the use cases for XR and Cloud Gaming, based on, or in addition to, the use cases identified by SA4 and SA1?
Table 1: Views on use cases for XR and Cloud Gaming

	Companies
	Answers

	Deutche Telekom
	We also see XR and Cloud Gaming as very important use cases for 5G. In addition we believe that Edge Computing plays an important role to foster these use cases in combination with 5G.
In terms of use cases we agree to the examples. Further use cases in that area are among others.:

· Pose detection for AR applications: Camera image/stream is transferred over 5G to an Edge Server and pose (position, orientation) of the smartphone / HMD is calculated using keypoint clouds
· AR Multiplayer gaming at same location requiring a synchronization of actions and AR objects

	vivo
	From UE vendor perspective, we think AR/VR based application is one of the major driving factors for network upgrading from 4G to 5G. 

Besides the mentioned augmented reality, virtual reality and cloud gaming scenarios, we think there are also some other services that could be enhanced with AR/VR glasses. At least the following scenarios could be included for further consideration:

· Mobile office: in this use case, the AR/VR glass is used as the virtual screen for cloud desktop, which improves productivity on mobile. The user might be on a mid to high speed train. The glass might be tethered to another handheld UE. Some other input devices may also be connected to the glass.  Various application could be installed and run on the cloud. 

· Real time interpreter: The AR glass might be used together with a handheld UE and cloud computing resources as real time interpreter. The interpretation results are displayed on the AR glass.

· Object recognition: The AR glass could display information related to observed objects. The glass may be tethered to a handheld UE or may be directly connected to the network.

· Navigation: The AR glass shows direction for pedestrians and drivers. The glass may be tethered to a handheld UE or may be directly connected to the network.

	Qualcomm
	From a RAN perspective, all the use cases identified by SA1 and SA4 are relevant and important to study. We may need to further distinguish different scenarios from power consumption, capacity and mobility point of view. While most use cases are relevant from a power consumption point of view, a subset of use cases that require high throughout, high reliability and low latency are likely relevant from a capacity point of view. Similarly, only a subset of use cases is relevant from mobility point of view.

	OPPO
	As we are the NCIS rapporteur in SA1 (WI) and SA2 (SI), we also strongly believe XR (which includes AR/VR/MR) and cloud gaming are the upcoming emerging media applications. In addition to introducing enhancements to NR sidelink, it is also important to conduct studies of what can be done on the Uu interface to support these applications in 5G. Similar to Qualcomm, we consider all use cases identified by SA1 and SA4 are relevant and important.

	ABS
	Currently in the Broadcasting and television industry, AR and VR have following applications :
· VR 8K program production
· 5G+VR live broadcasting
· AR/VR program on demand
· Cloud gaming
In the future, XR will have following applications in the Broadcasting and television industry：
· Family education based on XR 
· Family doctor based on XR
· Family shopping based on XR

	Verizon
	Agree with all above. All of them are possible and all of them have great potential. Verizon just conducted thorough investigation and we firmly believe XR could potentially become another significant segement of NR, along with eMBB and URLLC, etc. 

	DOCOMO
	Currently, the most popular mobile terminal is smartphone. We believe that the next mobile terminal type will be XR (MR, VR, AR). Compared to smartphone, the amount of information that shall be delivered to the user will be much more, due to 6 DoF, 3D sounding, tactile/haptics, etc. Besides, lower latency is necessary by default; users cannot wait for visualizing surroundings.

	Alibaba
	We believe XR will be popular for many applications, e.g. online&offline shopping and some cloud services, and 5G+Edge computing will be a possible way to achieve that.
Besides Cloud Gaming, we suggest to extend the scope to Cloud Service, as there are other cloud services which could use XR, e.g. Cloud Education.

	China Unicom
	From operator’s perspective, XR could be the one of the most popular 5G service. Besides all the above types of service, 5G XR tourism and other new applications are also important. 

	OMESH
	From smart services and infrastructures perspective, XR offers the consumer interaction and industrial interfaces, which will be dominant in 5G applications.

	Asia Pacific Telecom
	Basically, we agree all the addressed scenarios by SA1 and SA4. In addition, we think 8K and its transmission system (either unicast or broadcast) is essential. We believe 8K+5G not only enrich the entertainment content/services but able to bring several innovations in various verticals such as Automated Optical Inspection in manufacturing, remote diagnostic, surveillance for public safety. More specifically, from RAN perspective, the requirements toward 8K would be a little bit different from XR i.e., 8K and its applications requires stable and continuous high data rate operations under 5G environment, but less strictly requirements on low latency.

	Tencent
	From content provider and gaming service provider perspective, we think cloud gaming and 5G XR are very important use case which can be commercialized which can fully utilize 5G URLLC and eMBB capability to provide high quality immersive gaming service experiences.  This scenario can benefit operators, UE and also the end users to enjoy 5G gaming services.

	CMCC
	Agree with all above. And we believe that XR can do more in education and health.
For education, virtualized teaching and remote interactive teaching can benefit not only general education, but also special education such as aircraft driving. With the help of 5G the education can be more flexible allowing people to use fragmentation time to learn anywhere.

For health, XR can help in safe remote surgery with strict delay requirements by providing vivid experience in a stable, real-time way, allowing experts to control the surgical process and patient conditions anytime and anywhere.

	Xiaomi
	XR and cloud gaming have been expected to be one of the use cases which could benefit most from 5G. All use cases identified by SA and above are possible.

	Sony
	It is good to start with the use cases identified by SA4 and SA1. The use cases listed above should not focus on heavy traffic in downlink direction only. We think the use cases like tele-presence or remote control with video or sensor whereby the control information is passed on downlink and as a result heavy traffic is sent on the uplink direction should also be considered.

In addition, gaming could be either cloud based whereby a client connects to a cloud or remote gaming whereby a client connects to a console.

Virtual meeting is another use case for Real time 3D communication. 

	SJTU
	We believe XR and cloud gaming are very important applications in 5G. Besides, we think Edge Computing has a lot of potential to enhance XR and cloud gaming in some significant aspects like reducing latency and reducing on-device power consumption.   

In addition to the use cases identified by SA4 and SA1, we think some other use cases could be considered:

Intelligent Transportation: The XR glasses are used to show transportation information. For example, the real-time congestion degree on different alternative roads is shown on the screen. When there are emergencies nearby, the warning and new planning path will be shown on the screen. When the car is going to stop, the information of objects nearby will be shown on the screen.

Real-time healthcare: Doctors and patients can use XR glasses in the diagnosis or treatment when they cannot meet in face. The instructions of doctors and the feedback of patients can be shown on the screen.

Immersive teaching: The XR glasses will show vivid details of nouns or definitions written in the book or on the blackboard. 

	CHTTL
	We think the use cases identified by SA1 and SA4 are worth to study, but we are more interested in the streaming and gaming related use cases.

	China Telecom
	We agree that XR and cloud gaming will be important applications and benefit from improved network performance of 5G. Another use case for XR might be in industrial and architectural design.

	Huawei, HiSilicon
	Use cases from SA1 and SA4 and other use cases highlighted by other companies above are of relevance, including both direct communication over Uu and tethering over a smartphone (e.g. via sidelink as addressed by NICS in SA and sidelink enhancements in RAN). Focusing on the Uu in this discussion, the first priority would be to address the needs of cloud VR gaming, in particular Cloud rendered VR.   

	TCL Communication
	Agree with most use cases and comments above. XR will find application in both consumer and business markets from entertainment to industrial applications.

360° / 6DoF videos + AR objects interactions being the main enablers. They have high requirements on both UL and DL TP and latency and opportunities to leverage edge computing resources.

	Vodafone
	AR (particularly for enterprises, e.g. healthcare, field maintenance support etc) and cloud gaming seem to be the most valuable areas to look into. We see that the key focus should be on maximising the usability of these services in wide area coverage, rather than optimising indoor hotspot cell capacity for example. 

	Nokia
	In general we see the XR cases interesting, however for mobile use we see AR/MR more relevant. VR foreseen for stationary/indoor use case, thus expect the studies in RAN side less relevant.

	Ericsson
	We believe that both XR and cloud gaming are important, and that all use cases identified by SA1 and SA4 are relevant. Nevertheless, developing RAN solutions for all the individual identified use cases may not be practical, implying that the list of use cases needs to be shortened. Alternatively, use cases could be grouped, so that all use cases in one group would have similar properties, e.g., with respect to UL or DL bitrate.

	CATT
	Use cases identified by SA1 and SA4 and use cases mentioned by other companies above can be considered in the discussion. However, those use cases together represent requirements (throughput, latency and reliability) over very large range. It would be efficient to focus on a subset of most typical uses for further discussion.

	Dish Network
	We agree with the above usecases identified by SA4 and SA1. XR will be beneficial for both consumer and enterprise segment. MEC architecture with 5G will optimize capacity and ensure low-latency required for XR. Additional usecases can be environmental tracking and simulators/virtual training.

	MediaTek
	All core use cases and scenarios identified in TR26.928 are interesting applications in 5G NR and can be studied in RAN. Priority can be discussed further if the study time is limited.

In addition to the core use cases and scenarios identified in TR26.928, the following use cases are also interesting and can be considered for the study.

· AR/MR gaming

· A player can play a game via AR/MR glasses in both outdoor & indoor or even in a vehicle or train, which projects the game scene & game characters into the real world.
· Challenges: high speed, low latency, coverage, mobility

	Intel
	We share the views already shown to focus RAN study on the use cases evaluated by SA4 prioritizing those that SA4 has moved (or is moving) into WI phase in current or even previous releases.

In addition to XR (addressing 6DoF VR and broader AR/XR) and Cloud gaming, other immersive media work could be considered e.g. ITT4RT (Support of Immersive Teleconferencing and Telepresence for Remote Terminals), E-FLUS (Enhanced Framework for Live Uplink Streaming), or VRStream (Virtual Reality Profiles for Streaming Media) that involve delivery of VR360 / 3DoF media for streaming, real-time conversational and live uplink use cases. For the last ones, QoS requirements seem to be better progressed, e.g., some are reported in TR 26.925 as part of the FS_TyTrac study item (Typical Traffic Characteristics of Media Services) that might also be of interest for RAN work/understanding.


Summary:

Observation 1: On Q1, the question related to Use Cases for XR and Cloud Gaming:

1. Majority of companies agree that XR and Cloud Gaming use cases in SA4 and SA1 are relevant.

2. Many companies have pointed out additional use cases and we anticipate many of these to be contributed to, and discussed in SA4.

3. Some companies have pointed out that SA4 XR study is ongoing and completion of that study will be a good precursor to XR study in RAN.

2.2
Q2: Deployment Scenarios for XR and Cloud Gaming
XR use cases can result in traffic requirements that are high in throughput, low in latency, and high in reliability. This class of traffic have throughput requirements that are eMBB like, and latency requirements that are URLLC like. The SA2 work item on 5G System Enhancement for Advanced Interactive Services (SP-190564) proposes to introduce new 5Qis to identify the requirements on traffic from these kinds of interactive services.

With the introduction of XR and Cloud Gaming services over 5G, some important aspects that are relevant from the RAN point of view are capacity, power and mobility. These aspects further depend on the deployment scenarios (e.g. Urban Macro, Indoor Hotspot) and frequency ranges (e.g. FR1, FR2). 
Q2: What are the deployment scenarios and frequency ranges over which XR and Cloud Gaming traffic need to be analysed?  

Table 2: Views on deployment scenarios and frequency ranges for XR and Cloud Gaming

	Companies
	Answers

	Deutsche Telekom
	AR: Indoor and outdoor, Urban and rural
VR: mainly indoor

Gaming: Indoor and outdoor, Urban and rural

	Hisense
	AR: All scenarios
VR: Mainly indoor
Cloud gaming: All scenarios

	vivo
	The expected scenarios for AR and cloud gaming are applicable for all scenarios. High speed scenarios may also need to be evaluated.

The expected scenarios for immersive VR is mainly indoor. But we also expect VR entertainment on trains, planes and automobiles.

For non-immersive VR, we expect possible application in urban and rural scenarios besides indoor scenarios.

We expect XR and cloud gaming traffic deployed in both FR1 and FR2. Furthermore, we also envision the possibility of 60GHz unlicensed band operation for XR, cloud gaming and other scenarios.

	Qualcomm
	XR and Cloud Gaming applications can be realized over several different deployment scenarios including enterprise (eg. Office and factories) and outdoor. Therefore, the study should consider:

•
Both indoor enterprise and outdoor environments

•
Both FR1 and FR2

In particular, all relevant Indoor Hotspot models (eg. Open office, Mixed office) for FR1 and FR2, Urban Micro for FR1 and FR2, and Urban Macro for FR1 are applicable deployment scenarios for XR and Cloud Gaming.

	OPPO
	AR: All scenarios

VR: Mainly indoor

Cloud gaming: All scenarios
We believe FR2 will be the main frequency range to carry high through applications and should be considered as first priority, followed by FR1 and unlicensed bands as latency and reliability cannot be guaranteed.

	ABS
	AR: All scenarios
VR: Mainly indoor

Cloud gaming: All scenarios

	Verizon
	Agree with the opinions above – AR, cloud gaming all scenarios, VR likely indoor. Both FR1 and FR2. Especially we hope FR2 can be explored giving the amount of BW available there, e.g., in addition to the traditional scenarios, we are also intrigued by network controlled sidelink on FR2. 

	DOCOMO
	AR: indoor and outdoor, both FR1 and FR2

VR: mainly indoor or stadium, both FR1 and FR2

Gaming: both indoor and outdoor, both FR1 and FR2

	Alibaba
	AR: All scenarios
VR: All scenarios
Cloud service: All scenarios

	China Unicom
	AR: All scenarios.

VR: Mainly indoor.

Cloud gaming: All scenarios.

	OMESH
	AR: All scenarios
VR: All scenarios
Cloud service: All scenarios

	Asia Pacific Telecom
	AR: All scenarios

VR: Mainly indoor

Cloud gaming: All scenarios
8K: Mainly indoor

	Tencent
	AR: All Scenarios
VR: Mainly Indoor
Cloud gaming: All scenarios

	CMCC
	AR: Indoor and outdoor
VR: Mainly indoor
Cloud gaming: All

	Xiaomi
	AR and cloud gaming: all scenarios

VR: mainly indoor

FR2 for UE with low speed, FR1 for UE with high speed.

	Sony
	Agree with above.

Both FR1 and FR2 should be considered depending on the use case. Indoor hotspot is an important deployment scenario. NPN deployments should also be considered.
MEC is beneficial considering the latency and continuity of service requirements in some deployment scenarios.

	SJTU
	AR: All scenarios

VR: Mainly indoor

Cloud gaming: All scenarios 

We think the frequency ranges of XR and cloud gaming should include both FR1 and FR2. Specially, because of the small coverage of FR2, it will be only considered in indoor or micro scenarios.

	CHTTL
	AR: All scenarios.

VR: Mainly indoor.

Cloud gaming: All scenarios.

	China Telecom
	AR: all scenarios

VR: mainly indoor

Cloud gaming: all scenarios

	Huawei, HiSilicon
	Priority on indoor and outdoor (e.g. urban macro with 300m ISD) FR1 deployments for Cloud VR.

	TCL Communication
	AR: Indoor and outdoor, first Urban and second priority rural

VR: mainly indoor 
Both FR1 and FR2 

	Vodafone
	Should prioritise investigating if/how to improve AR and Cloud Gaming usability in outdoor wide area deployments.

	Nokia
	From RAN perspective AR/MR only. Set of scenarios should be limited for example to Urban Macro with FR1 and indoor hot spot with FR2.

	Ericsson
	AR and Cloud Gaming traffic are generated both indoor and outdoor, whereas VR traffic is pre-dominantly generated by indoor users. All deployments that can be used to serve this type of traffic are relevant. 

Deployments in FR1 and FR2 both have strengths: the coverage in FR1 is better, whereas the available bandwidths are larger, and the achievable latencies are lower in FR2.

	CATT
	AR: Indoor and outdoor scenarios
VR: Indoor scenarios
Cloud gaming: Indoor and outdoor scenarios
Both FR1 and FR2 shall be considered.

	Dish Network
	AR: indoor and outdoor, FR1 deployment

VR: mainly indoor or stadium, FR1 deployment

Gaming: both indoor and outdoor, FR1 deployment

	MediaTek
	AR/MR: Dense Urban & Rural, including both FR1 & FR2 and both indoor & outdoor

VR: Indoor or stadium, including both FR1 & FR2

Cloud gaming: Dense Urban & Rural, including both FR1 & FR2 and both indoor & outdoor

	Intel
	All scenarios indoor/outdoor, as well as, operation in FR1 and FR2 could be consider for the SI phase, although RAN could prioritize those deployments already addressed by SA4 scenarios e.g. indoor for VR or both for AR/cloud gaming.


Summary:

Observation 2: On Q2, the question related to “Deployment Scenarios for XR and Cloud Gaming”:

1. Majority of companies agree that AR and Cloud Gaming is applicable to both outdoor and indoor, and VR is applicable mainly to indoor.

2. Majority of companies agree that both FR1 and FR2 are applicable.
2.3
Q3: Power Considerations for XR and Cloud Gaming

In addition to Smartphone based XR, XR experience is increasingly expected to be delivered via Head Mounted Displays (HMDs). The power considerations for HMDs are different from those of Smartphones. In particular, the power dissipation of AR glasses can be significantly lower than that of a smartphone, if the AR glass form factor is similar to that of prescription glasses and is expected to be worn for long durations. The AR glasses can have an embedded 5G modem providing 5G connectivity, or the AR glasses can be tethered (USB, Bluetooth, or WiFi) to a Smartphone for 5G connectivity. In both cases, the 5G connection must carry AR application traffic, and the UE power consumption from that traffic has a significant bearing on the viability of such AR glasses products. 

Further, the AR computation can be split between the AR glasses and Edge servers as discussed before. The computation split can reduce the overall power consumption on the device if the resulting traffic from the computation split does not increase the UE power consumption significantly.   

In the case of Cloud Gaming, the device is expected to be a Smartphone or Tablet. The power consumption and battery life of the device for a long duration Cloud Gaming experience is an important aspect to consider. 

Q3: Is power consumption an important factor for XR and Cloud Gaming?  If so, which aspects? 
Table 3: Views on Power Considerations for XR and Cloud Gaming
	Companies
	Answers

	Deutsche Telekom
	Definitely very important: 
· Battery lifetime for usage of smartphones as well as HMDs important for acceptance of users

· Heat due to computation/transmission/etc. is critical, especially for HMDs

	Hisense
	This is crucial factor considering some AR devices might become an everyday working tool for people in certain industries. Battery life has to exceed at least 8 hours to satisfy a regular work shift.

	vivo
	We generally agree that power consumption is important factor for AR/VR and cloud gaming scenarios. The following factors may need to be taken into account for power consumption:

· The major target use case. If the target use case is mainly indoor, then the need to save power may not be so urgent. If the target use case is for mobile scenarios, consideration for power consumption is important to improve user experience.

· Whether the glass is tethered to a handheld UE or not. If tethered to a UE, then power consumption may not be so crucial factor. If it is a standalone device, power consumption should be carefully considered.

	Qualcomm
	Yes, power consumption is an important consideration for XR and Cloud Gaming use cases. There are some unique aspects to be studied:

-
The battery size and the heat dissipation depend on the form-factor of the device (AR and VR head-mounted devices (HMDs)), and on whether the HMD is standalone or tethered to another device. 

-
XR traffic patterns may require the device to be exchanging traffic very frequently for prolonged periods of time; optimizations for power consumption should include optimizations for RRC Connected state. 

-
Existing power savings mechanisms are tailored to latency-tolerant traffic. XR is sensitive to latency, and this needs to be accounted for. For example, the C-DRX may need to be enhanced to efficiently support short cycles and align with XR traffic patterns (e.g., periodic arrival times).

-
The architecture for XR may be based on computation split between a device and an edge server. The choice of computation split must account for the device power consumption.

Potential areas of study:

-
Study potential power-saving mechanisms taking into account salient features of XR, including form-factor, traffic pattern and split computation, at least focusing on RRC connected state

	OPPO
	As a device vendor, power consumption and power saving are very important to us as these XR and cloud gaming applications are very often run on portable devices. Power consumption for these running applications mainly comes from two areas, computation and 5G connectivity. Although we cannot control how much edge/cloud computing can be done at the RAN side, we can do more on the power saving for the 5G connectivity.

	ABS
	The power supply will directly affect the experience of viewing and using the XR, so it is quite important. The influencing factors are：

· Video processing frame by frame, include: receiving, decoding, rendering and display
· Display screen, include: resolution, brightness and refresh rate 
· User interaction, include: strong interaction, weak interaction, 3DOF and 6DOF

	Verizon
	Extremely important. Both power consumption and thermos. Should be a key design KPI from day one for XR.

For FR1, performance priorites in our view:

1. Capacity

2. Power consumption (and thermos)

3. Mobility and coverage

For FR2, 

1. Power consumption (and thermos)

2. Mobility and coverage

3. Capaity
Of course, there may be differences for standalone or tethered.

	DOCOMO
	Yes. For portable device like light smart AR glasses, it is important to have long battery life for all day use. While for high-end devices mainly used in stadium or indoor, convenient and easy charge is very important. 

	Alibaba
	Power saving is very important for mobile XR to success. Besides the power consumption of 5G communication, we think the power consumption of  computing and storage should also be considered.

	China Unicom
	Power consumption is important for these service, and long battery life is acceptable by customers. Besides power consumption, the cell edge users’ experience for both indoor and outdoor scenarios are very challenge for network planning.

	OMESH
	Important for consumer experience.

	Asia Pacific Telecom
	Yes for all and extremely important for 8K. As mentioned, 8K and its application usually requires long-time operation. We expect the power consumption and overheating problem would be severe.  

	Tencent
	Yes, power saving is important aspects as XR and gaming devices are portable.

	CMCC
	Yes. Mainly battery life and heating concerns on devices such as gaming glasses. Besides, we need to consider trade-off between power consumption and performance based on user’s choice, e.g. 60fps with lower power consumption or up to 90fps performance boost with higher power consumption, as the user can choose in the game settings.

	Xiaomi
	We see power consumption very important KPI from customers.

However, 3GPP has an on-going WI to investigate power saving. The differences between the XR power saving and the on-going power WI should be identified first. 

	Sony
	Yes, from battery life and thermal considerations point of view. There may be a single device involved or potentially a split of functionalities spread across more than one device for these applications. Any power saving in AS layer should be prioritized.

	SJTU
	We think Power consumption is a very important factor for XR and Cloud Gaming and studying computation splitting between local devices and edge servers is an efficient way to reduce the power consumption of the devices.

We expect future XR glasses or other XR devices are smart and portable devices. Users can experience XR and Cloud Gaming services anywhere such as on a trip. The battery life and heat dissipation can directly affect the quality of user’s experience. 

In addition, studying efficient computation splitting is a good way to reduce power consumption of the devices. For example, the power consumption of the device consists of two parts: computing on device and transmission through 5G. Considering the computing capability of the local device and the 5G channel state, we can trade off the two parts of power consumption to achieve a lower total power consumption. Besides, studying consumption splitting is also a good way to reduce the latency of services.



	CHTTL
	Yes for portable devices in outdoor scenarios.

	China Telecom
	Should strive for balance among battery life, performance, and volume/weight.

	Huawei, HiSilicon
	Power consumption is very important for HMD and for gaming devices. Optimizations of UE power saving mechanisms under specific latency, throughput and reliability constraints in RRC connected state may be studied. It should be noted, however, than in many cases the gaming device has the possibility to be powered by a cable while gaming.

	TCL communication
	Power consumption is very important to any mobile device as HMD.
The market requirement for standalone HMD vs tethered HMD shall be assessed first. 
Power saving enhancements for a XR profile may be included in R17 Power Saving study, while the XR study shall define the physical layer characteristics to satisfy XR TP, latency and reliability requirements.
Additionally XR rendering may also represent a significant power budget that can be lowered by use of edge computing resources.

	Vodafone
	Usability for AR seems to be the number one priority, if we want industries to rely on it, so in that sense battery life for devices in those usage scenarios is important.

	Nokia
	Power consumption is an important aspect, however we have on-going Release 16 WI on the different methods on-going. Further we need to see if some items do not get completed in Release 16, whether directly having a Release 17 power consumption work item would be better than studying those for XR framework only. We should avoid parallel activity in RAN.

	Ericsson
	Power consumption is important for some XR applications. In some cases, the power consumption is not dominated by the radio link. Generic power saving features to be specified in Rel-16 should be considered also for XR applications.

	CATT
	Yes, power consumption is an important factor. Aspects to consider include battery lifetime requirements for different use cases and deployment scenarios. Power saving techniques shall be studied considering different requirements. Rel-16 power saving framework and Rel-17 power saving enhancement should be incorporated in the study.

	Dish Network
	Power consumption and thermal mitigation are both important aspects for XR devices. Due to the XR devices being compute intensive, the devices requires long battery life for an all-day use. Higher immersive experience would require higher compute. Therefore battery life and thermal mitigation should be key considerations for XR.

	MediaTek
	Yes, power consumption is an important factor for XR and cloud gaming applications using portable devices because it largely impacts user experience, e.g. battery life time, thermal issue. However, power consumption sources of a portable device include not only modem but also other electric components, e.g. display, CPU/GPU. Whether RAN techniques can largely improve the user experience for XR and cloud gaming highly depends on the power consumption portion occupied by a modem for a portable device type. Therefore, at least the following should be considered to decide which use case should be prioritized in this study. In addition, Rel-15/16 UE power saving scheme should the baseline for the study.

· Device form factor (it impacts the battery size and room for heat dissipation)

· Typical use time (it relates to how battery life impacts user experience)

· Traffic pattern, including packet arrival time and packet size
For smart phones, due to its small form factor and limited space for battery, the power consumption issue for cloud gaming is clear and should be studied.

For AR/MR glasses, due to its small form factor, light weight and very limited space for battery, any power consumption should be reduced even though the power consumption from a modem may not occupy the largest portion. 

For VR HMDs, power consumption issue is less critical, compared to smart phones and AR/MR glasses, due to its larger form factor for larger battery and more room for heat dissipation. However, considering long & intensive use time for VR applications, the power consumption issue still deserves further study in RAN, especially when cloud computing can already shift main power consumption from HMDs to cloud server and modem power consumption may occupy a larger portion of overall power consumption. 

The proposed SI should identify specific power saving requirements for AR/VR/MR.  In order to avoid duplication, it is important that solutions to these AR/VR/MR specific requirements are jointly considered with the specific needs of other use cases outside the scope of this SI. Solutions should be generic and should cover as many use cases as possible as part of an extended common UE power saving framework. 

	Intel
	Power consumption and thermos are critical factors to optimize for these specific use cases. RAN could study whether new requirements are identified and not addressed by other related WIs, such as, on Rel-16 power saving WI (e.g. it could be checked whether XR traffic models/KPIs are or not addressed by the wide range of traffic models evaluated and captured in TR 38.840).


Summary:

Observation 3: On Q3, the question related to “Power Considerations for XR and Cloud Gaming”:

1. Some companies have pointed out that power is related to form-factor, usage pattern and traffic pattern

2. Some companies have pointed that modem power is one aspect of the device power, with compute, display, camera etc being other aspects.

3. Majority of companies agree that power is an important aspect of XR and Cloud Gaming, on Smartphone, as well as XR specific form-factor HMDs.

2.4
Q4: Capacity Considerations for XR and Cloud Gaming

On XR and Cloud Gaming traffic with high throughput, low latency and high reliability requirements, it is important to consider the commercial viability of these services over Rel-16 based 5G networks. One way to represent the viability of the XR and Cloud Gaming services is via the number of users who can simultaneously consume the service under given traffic requirements and for a given deployment scenario (e.g., Urban Macro, Indoor Hotspot) with some density of 5G cells. If the traffic requirements of the XR and Cloud Gaming service are flexible (e.g., the underlying architecture allows adaptation of content), then the viability of the service can be studied by assessing the delay, throughput and reliability variations with increasing number of users in the system.

In either case, when the latency is low and the reliability requirements are high, two effects come into play:

a. The burst throughput of the traffic measured over a time range that corresponds to the latency requirement, and extracted at the percentile represented by the reliability requirement, can be significantly higher than the average throughput requirement. For example, the average throughput requirement of an XR traffic can be 100Mbps, but its burst throughput requirement over short measurement windows can be 300Mbps while also requiring high reliability.

b. The short-term throughput experienced by a UE measured a time range that corresponds to the latency requirement, and extracted at the percentile represented by the reliability requirement, can be significantly lower than the average throughput experienced by that UE.

These effects can significantly impact the commercial viability of XR services over a 5G network. Therefore, it is important to study capacity aspects for XR and cloud gaming, including key performance indicators (KPIs) that represent the viability of XR and Cloud Gaming services over 5G.   

Q4: Is capacity an important factor for XR and Cloud Gaming?  If so, which aspects? 
Table 4: Views on Capacity Considerations for XR and Cloud Gaming

	Companies
	Answers

	Deutsche Telekom
	VR will be in average between 50Mbps and a few 100s of Mbps (depending on resolution and compression). Main problem is that with higher compression target also the time for compression and therefore the latency rises. Totally agree that due to i-frames peeks can be much higher than average. Latency target is very low for VR (at least if there is no split architecture – see some approaches that overcome higher latency with embedded solutions)

Throughput demand of AR streaming and Cloud Gaming is – depending on applied resolution, frame rate and compression -  between a few Mbps and 50Mbps, but also goes along with low latencies. 



	Hisense
	AR: Depending on scenarios, we might need to consider capacity issue when multiple real-time high resolution videos are being transmitted. For object recognition, capacity issue is unlikely to surface.
VR & Cloud Gaming: Capacity will be an issue when multiple terminals are being operated at the same time.

	Vivo
	We share the view that capacity under latency constraint could be one of the restricting factors that influence user experience for XR, especially for those highly interactive services. It should be noted that split rendering or cloud gaming may increase required capacity for wireless transmission for some use cases. The trade-off between latency, capacity and computation complexity should be carefully balanced. 

	Qualcomm
	Yes, capacity is an important factor for XR and Cloud Gaming applications in order to make the service commercially viable and scalable. 

eMBB performance evaluations have focused on full-buffer throughput and user-perceived throughput. URLLC evaluations have studied outage performance subject to a high reliability and tight deadline requirement for small packet traffic. In contrast, XR and Cloud Gaming applications require high throughput in a consistent manner, subject to a delay budget. Based on this, the following aspects of performance can be considered:

-
Short-term throughput (e.g., full-buffer throughput achieved within a time window comparable to the delay budget)

-
Packet loss rate subject to a delay budget for XR traffic patterns
As an example, the figure below shows the CDF of the short-term downlink full-buffer throughput samples in 10 ms windows for a median user. (The results are from a system-level simulation for a Umi 200 m ISD layout with one UE per cell over 100 MHz at 3.5 GHz carrier frequency.)

It can be seen that the 1st percentile short-term throughput is significantly lower than the mean throughput of the user. This shows that ensuring a high throughput consistently (e.g., for 99% of the 10 ms time windows) is more challenging than meeting a similar requirement on the long-term average throughput. 
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At the system level, the outage in the system can be studied, in terms of the fraction of users for which the per-user performance requirements are not met.
Potential areas of study could include techniques to improve the consistency of the link-level and system-level performance, as well as interactions between the application and the RAN in order to better meet the application requirements.

	OPPO
	Commercial viability of XR and cloud gaming is heavily dependent on the capacity of 5G system to support these services. In order to evaluate the system capacity, proper traffic pattern should be defined for different AR/VR and cloud gaming applications, and we believe full-buffer and small packet traffic are not always applicable. Therefore, we believe traffic patterns should be studied and defined as the first step.

	ABS
	Transmission bandwidth and network latency are very sensitive to the experience of viewing and using XR. In the Broadcasting and television application scenarios, the influencing factors are:
· Video resolution: 4K/8K/2D/3D, the higher resolution needs larger bandwidth
· FOV: 90°~120°

· Bit depth: 8bit、10bit、12bit

· Codec standard: Higher coding compression ratio, and higher complexity, takes longer codec time

· Frame rate: 30, 60, 90, 120

· Interactive mode: strong interactive mode needs at least 50Mbps-3Gpbs, weak interactive mode needs at least 40Mbps-2Gbps

	Verizon
	Yes. Very important. See Verizon feedback above in Q4.

	DOCOMO
	Yes. It is important to maximize the number of devices that can achieve the throughput/latency targets in a given area for one BS.

	Alibaba
	Yes, the capacity is an important factor for XR and cloud services. We think the XR application developer and maintainer need to know the capacity during developing and maintaining the application.

	China Unicom
	The capacity is very important. We think that service requirements of XR and Clouding Gaming are very challenge for the uplink and downlink. Due to the limitation of  UE’s max TX power, the uplink requirements are more relative to environment. 

	OMESH
	Capacity over density with QoS is challenging all aspects of communications. 

	Asia Pacific Telecom
	Yes. It is expected to have more than 100 8K cameras equipped in a factory to perform either AOI or safety services. How to support those capacity via limited base stations (e.g, the deployment cost is another important factor for enterprise) shall be considered.

	Tencent
	Yes, capability should be considered as this would impact the number of active Ues 5G system can support.

	CMCC
	Yes, agree with above views. Reducing the total capacity requirement especially for a group of devices (e.g. with common messages to receive) can be helpful. Meanwhile, we also need to consider the case when one user has multiple devices where capacity may be limited due to the large density of accessing devices.

	Xiaomi
	Capacity is important to provide good user experience on XR and cloud gaming. There may be a problem if multiple Ues require burst throughput at the same time.

	Sony 
	Yes, capacity is important. The capacity should support each XR UE meeting its throughput, latency and reliability requirements. 

	SJTU
	We think capacity is one of important factors for XR and Cloud Gaming from the following aspects. 

- For high quality video streaming, e.g. 4K/8K, high capacity transmission can enhance users’ QoE. We need consider both capacity and user QoE and find a balance between them.   

- XR and cloud gaming need to serve multiple users in the same time with limited resources. In this way, the reasonable scheduling mechanism needs to be taken into consideration.     

- Low latency means high probability of drop-off service if capacity is given. There exists a tradeoff among capacity, drop-off probability and latency.



	CHTTL
	From our view the capacity issue is the most important issue. We think for some use cases, whether applying multi-cast can reduce the capacity issue can be further considered.

	China Telecom
	Capacity is important and challenging when over high UE density, especially when stringent latency requirements should also be satisfied.

	Huawei, HiSilicon
	Enhancement for capacity for cloud gaming should be considered with highest priority (higher priority than optimizations for power consumption). Assessment of the capacity achievable with Rel-16 NR should first be conducted against target KPIs for cloud gaming, under target deployment scenarios. Such evaluations may also need to be performed for other URLLC use cases with different throughput requirements, so an evaluation campaign for URLLC use cases with various throughput requirements (e.g. low for Industrial IoT to high for XR and cloud gaming) may be required at the start of Rel-17 to assess gaps and where enhancements for URLLC are needed for various services.

	TCL Communication
	Capacity may indeed be a bottleneck for XR profiles with high TP requirements coupled with low latency. 

On this matter different profiles may be considered for FR1 and FR2 where spectrum availability will allow higher capacity while in FR1 coverage a reduced XR QoS may be acceptable.

	Vodafone
	Latency and reliability will be impacted by capacity and coverage (depending on the throughput required) so essentially maximising user capacity in downlink, and enabling good, reliable link budget in uplink from each device seem to be key from a radio perspective to serve wide areas. Traffic profiles to consider should be according to services Vodafone prioritised above. Service awareness in the radio layers would likely be key especially for the capacity aspect, e.g. new QFIs, and also EPC QCIs e.g. for developing countries.

	Nokia
	3GPP RAN is continuously developing methods to boost NR performance. When defining the URLLC scope it was considered that the requirements for URLLC use case go beyond the entertainment industry requirements, thus solutions improving reliability/capacity should benefit the XR use cases as well. For example with MIMO we have aspects like multiple TRP (under Rel’16 MIMO work) which improves capacity and reliability for demanding services. While we can of course do studies for available XR capacity, we should not aim for XR specific L1 modifications but rely on topics which improve capacity and are expected to be widely available for the NR devices of different type.

	Ericsson
	Both AR and VR will require high capacity in combination with low latency. The low-latency requirement of both AR and VR will reduce the possibilities for higher compression of video and audio, pushing the capacity requirements on the RAN even further. Understanding how RAN characteristics impact XR service quality may lead to new definitions of capacity.

Note that Rel-16 already provide huge capacities, under the assumption that sufficient resources are available.

	CATT
	The system capacity should be addressed based on the latency and reliability requirements of XR. Physical layer control signalling for fast adaptation in supporting the XR QoS should be studied.  

	MediaTek
	Capacity and spectral efficiency are always an important factors for a mobile broadband system. Due to high QoS requirements on throughput, latency and reliability, the capacity can be more critical for XR and cloud gaming, compared to other applications in eMBB. However, how critical it can be highly depends on the QoS requirements. To study the potential capacity issue, at least the following should be discussed for different use cases and scenarios.

· QoS requirements of throughput, latency and reliability

· Traffic pattern, including packet arrival time and packet size

For capacity evaluation, the following performance metrics can be considered.

· User perceived throughput within the required delay budget
· Packet dropping rate, subject to the required delay budget

· Outage probability, subject to a target packet dropping rate within the required delay budget
Another important approach to improve capacity is improving video source compression requirements to place constraints on required data rates and data traffic patterns. This additional complexity outside the cellular network can also improve system capacity in return for a small latency increase. 

Considering high throughput requirement for XR and cloud gaming, coverage is also another important factor to be considered in addition to capacity.

	Intel
	Capacity is an important KPI fulfilling the target throughput and latencies of the corresponding use cases. As explained before, RAN could study whether new requirements are identified and not addressed by other related WIs, such as, the enhancements specified in Rel-16 for eMBB/URLLC kind of traffic that might also be applicable for XR traffic.


Summary:
Observation 4: On Q4, the question related to “Capacity Considerations for XR and Cloud Gaming”:

1. Majority of companies agree that capacity is an important aspect of XR and Cloud Gaming.

2. Many companies have pointed out the capacity is dependent on the traffic pattern, and the underlying multimedia aspects including but not limited to resolution, frames per second, encoder, allowed compression latency etc.

3. Many companies have pointed out that the capacity offered by Rel-16 for agreed XR and cloud gaming traffic patterns should be studied, and subsequently gaps, if any, can be identified.   

2.5
Q5: Mobility Considerations for XR and Cloud Gaming

As XR and Cloud Gaming see consumer adoption, the services are expected to be consumed by users on the move. Minimizing user experience degradation through mobility events is a key consideration in enabling mass adoption of such services.
Q5: Is mobility an important factor for XR and Cloud Gaming?  If so, which aspects? 
Table 5: Views on Mobility Considerations for XR and Cloud Gaming

	Companies
	Answers

	Deutsche Telekom
	Definitely. AR is mobile, Cloud Gaming will be used everywhere

	Hisense
	Mobility will be the key factor, especially for AR scenarios, where people will be carrying it all day long. For VR and Cloud Gaming, better mobility with reduced size and weight will enhance user experience.

	Vivo
	For both XR and cloud gaming, mobility is an important factor for user experience. 

As we pointed above for some use cases (e.g., mobile office, navigation, gaming, etc.), there are even scenarios where users might be on trains and automobiles. For such scenarios, the users expect continuous XR and gaming service even when UE is moving across cells with mid-to-high speed. 

During above mentioned UE movement across cells, the experienced throughput and latency needs to be guaranteed for XR and gaming service continuity.

	Qualcomm
	Mobility is an important aspect for wide-area use-cases of XR and cloud-gaming. It is important to maintain a certain level of user experience through mobility events. 

Rel16 support of “zero ms interruption” will help to a certain extent in reducing XR and cloud gaming user experience degradation during mobility events. However, “zero ms interruption” does not ensure zero service interruption. Further, it is anticipated that the “zero ms interruption” in Rel16 can require the UE to reduce its UE capabilities for data transmission and reception with the source or the target while handover is in progress. The reduction in UE capabilities can potentially mean that the resource allocation at the source or target cell might not be able to handle the XR and Cloud gaming service requirements during mobility events. The degradation in the service is dependent on several factors including the deployment scenario (e.g., Frequency range and cellular layout), mobility scenario (e.g., Pedestrian or Hi-speed), and the reduction in UE capabilities.

As such, it is important to study degradation in XR and Cloud Gaming service degradation under mobility events. 

Potential areas for enhancements:

1.
Feedback of mobility related events and related information to XR and Cloud gaming application for adaptation of application to such information.

2.
Timing mobility events to minimize service interruption.

	OPPO
	In TR22.891 “Feasibility Study on New Services and Markets Technology Enablers”, higher UE speed scenarios such as road vehicles, high speed train and aircrafts (e.g. UAV) are specifically mentioned as the key use cases and they will demand enhanced connectivity for in-vehicle/on-board entertainment, accessing the internet, enhanced navigation through instant and real-time information, autonomous driving, safety and vehicle diagnostics, while entertainment is a key driver for the increasing need for mobile broadband capacity. Therefore, it is important to study the impact and performance of XR and cloud gaming services in high mobility scenarios.

	ABS
	AR and cloud gaming mostly are outdoors, so portability is very important.
Under the VR application scenarios, the weight reduction of the HDM is also an important way to improve user comfort. 

	Verizon
	Yes. Very important. See Verizon feedback above in Q4.

	DOCOMO
	Yes. It is important to enable user-transparent mobility.

	Alibaba
	Yes, mobility is an important factor for mobile XR and Cloud Service.

	China Unicom
	Mobility is very important for AR and cloud gaming. 
Besides, new KPIs for network optimization and quality of services to support AR and cloud gaming are required.

	OMESH
	Yes, mobility is definitely important for commercial applications.

	Tencent
	Yes, mobility is definitely important for such applications.

	CMCC
	Yes, mobility is an important factor for industry applications and also an important index of experience for Cloud Gaming. We need to identify whether current Rel-16 study on mobility is sufficient for XR and if there is any special characteristic and requirement of XR in mobility.

	Xiaomi
	We see mobility very important KPI from customers.
However, 3GPP has an on-going WI to investigate reducing interruption and improving reliability during mobility. We wonder what the differences are between XR mobility and on-going mobility WI.

	Sony
	Yes, mobility for XR is important. At the same time, we think that not all applications will require the same level of mobility e.g. VR applications requiring high throughput and low latency may still be indoor requiring no mobility support during the initial deployments. Whereas gaming on mobile or tablet devices or similar services requiring comparatively lower throughput could support mobility. We would also like to take a realistic approach here on what can be achieved in Rel-17 timeframe

	SJTU
	We think mobility is one of important factors for XR and Cloud Gaming from the following aspects. 

- Different mobility scenarios: The use case can be further divided based on different level of velocity. In the high mobility scenarios, e.g. highway, the users may be provided with immersive and seamless streaming service with considerable low quality of frame.  

- Handover: The handover between different base stations needs support from MME in 5G.  

- Multi-terminals: Especially, multiple devices, e.g. mobile phone, TV, laptop and Tablet PC, provide users with multiple ways to enjoy the service of XR and cloud Gaming, which needs to provide perfect synchronization when users change the terminals to continue the services.

	CHTTL
	Yes. Very important. Especially for AR and cloud gaming.

	China Telecom
	Yes, mobility is important for XR and cloud gaming, some self-adaptive mechanisms might be helpful to mitigate the influence of handover and variation of signal magnitude at the cost of video qualities such as resolution and fps.

	Huawei, HiSilicon
	Mobility aspects are relevant, but should be considered with lower priority than capacity enhancements for cloud gaming. 

	TCL communication
	High performance mobility is important for outdoor AR use cases, potentially with 0ms interruption requirements.

Mobility is necessary also for VR and cloud gaming with KPIs to be studied.



	Vodafone
	Yes especially for AR and cloud gaming, not clear to us if there is any improvement needed there though. We already have 0ms delay specified.

	Nokia
	Mobility is important, however as with power consumption also for mobility improvements there are several methods being discussed in Release 16, including zero / reduced interruption mobility which will benefit also more demanding use cases like URLLC. We should see rather continuation of the mobility enhancements (if there is the need) as generic mobility work item (depending on Release 16 final scope) rather than do parallel studies in XR framework.

	Ericsson
	Yes, mobility support is needed for XR applications. As mobility is an integral part of the 3GPP standard, solutions based on R16 provide such support.

	CATT
	Mobility is important. But it is not necessary to be the focus of study considering the practical usages of early deployment of XR.

	Dish Network
	Yes Mobility is important for XR as it impacts usability. VR headsets that are wired to the computing device impacts usability by restricting freedom of movement. With AR and cloud gaming on smartphones, mobility would be a key factor. Need to ascertain if the R16 mobility enhancements would suffice for XR.

	MediaTek
	For both XR, cloud gaming, navigation for vehicles, mobility performance will be an important factor and impacts UE experience. In those scenarios, link reliability, mobility robustness and user data interruption due to mobility should be optimized to guarantee user experienced throughput. 

	Intel
	Mobility is an important KPI, as explained before, RAN could study whether new requirements are identified and not addressed by other related WIs, such as, R16 mobility enhancements.


Summary:
Observation 5: On Q5, the question related to “Mobility Considerations for XR and Cloud Gaming”:

1. Majority of companies agree that mobility is an important aspect of XR and Cloud Gaming, particularly for the outdoor use cases.

2. Some companies have suggested that mobility is lower in priority compared to capacity and power considerations.

3
Conclusion

In this document we have presented the outcome of the email discussions over the RAN drafts email reflector on XR & NR. The following observations from the comments received can be drawn: 

Observation 1: On Q1, the question related to Use Cases for XR and Cloud Gaming:

1. Majority of companies agree that XR and Cloud Gaming use cases in SA4 and SA1 are relevant.

2. Many companies have pointed out additional use cases and we anticipate many of these to be contributed to, and discussed in SA4.

3. Some companies have pointed out that SA4 XR study is ongoing and completion of that study will be a good precursor to XR study.

Observation 2: On Q2, the question related to “Deployment Scenarios for XR and Cloud Gaming”:

1. Majority of companies agree that AR and Cloud Gaming is applicable to both outdoor and indoor, and VR is applicable mainly to indoor.
2. Majority of companies agree that both FR1 and FR2 are applicable.

Observation 3: On Q3, the question related to “Power Considerations for XR and Cloud Gaming”:

1. Some companies have pointed out that power is related to form-factor, usage pattern and traffic pattern

2. Some companies have pointed that modem power is one aspect of the device power, with compute, display, camera etc being other aspects.

3. Majority of companies agree that power is an important aspect of XR and Cloud Gaming, on Smartphone, as well as XR specific form-factor HMDs.

Observation 4: On Q4, the question related to “Capacity Considerations for XR and Cloud Gaming”:

1. Majority of companies agree that capacity is an important aspect of XR and Cloud Gaming.

2. Many companies have pointed out the capacity is dependent on the traffic pattern, and the underlying multimedia aspects including but not limited to resolution, frames per second, encoder, allowed compression latency etc.

3. Many companies have pointed out that the capacity offered by Rel16 for agreed XR and cloud gaming traffic patterns should be studied, and subsequently gaps, if any, can be identified.   

Observation 5: On Q5, the question related to “Mobility Considerations for XR and Cloud Gaming”:

1. Majority of companies agree that mobility is an important aspect of XR and Cloud Gaming, particularly for the outdoor use cases.

2. Some companies have suggested that mobility is lower in priority compared to capacity and power considerations.

As a concluding observation,

Observation 6: There is wide-spread interest on this topic judging from the replies of 28 companies. Note that the responding companies entail mobile operators, infra vendors, chipset vendors, OEMs, Research institutions, and Universities. 
Therefore, we propose the following:

Proposal: As suggested in kick-off email for this discussion, it is proposed that the discussion moves to Part 2 to identify the candidate objectives of the study item.
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