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Introduction
VR consumer market has grown rapidly in last two years, and VR will be a popular 5G service provided by operators. It is forecast that the VR market in China will reach to $ 24billion by the end of 2021. 5G VR will be a new growth for revenue. 5G brings new opportunities in new vertical industries, and these new applications and services require operators to provide a high-quality 5G network and guarantee the performance of all 5G new services.
Open XR was established for promoting and developing the VR ecosystem. The main objective is to solve the IoDT issue of different VR devices and applications. Based on Cloud VR architecture and hardware facilities, application processing and content rendering are operated on the cloud platform. Cloud VR is beneficial for reducing the weight, size and cost of devices, which is critical for VR market expansion. For the VR industry, 5G network provides the interactive link between VR devices and platform, and all the data between the platform and the device can be transferred via 5G network.

In SA4, the SI of “QoE metrics for VR” has been completed. The related WI“VR QoE metrics” was approved in June, and the target completion date is December, 2019. This WI is to add VR QoE metrics functionality to 3GPP specifications. There is a need to define QoE metrics for VR services, and at least the basic and most important aspects of the VR experience can be exactly measured.

. Discussion
Q1: Use Cases for QoE

In UTRAN and E-UTRAN, QoE Measurement Collection for streaming services have been specified. NR is designed for different kinds of services and scenarios, and operators have strong demand to optimize their network in order to offer better user experiences to different services. 

Case 1: Streaming service

Case 2: MTSI: OTT voice

Case 3: AR/VR video service

Case 4: Real-time gaming

Case 5: uRLLC service, e.g. remote healthcare, smart factory

Note 1: case1 and case2 have been captured in Rel-15 LTE QoE collection feature.

Q1: What use cases above are companies interested in? Are there any other potential use cases interested?
Table 1: Views on use cases for QoE

	Companies
	Answers

	Huawei, HiSilicon
	QoE measurement collection has been introduced in 3G and 4G and the use cases are streaming and MTSI services (i.e. case 1 and case 2), so both cases should be also supported for NR QoE.

For Case 3, it is interesting and it seems a little bit challenging for 5G networks as the QoS/QoE requirements will be higher than normal services. In our opinion, AR/VR video services may have some similar QoE metrics as case 1 while the delay requirement may be also critical. In summary, we are supportive on case 3.

For Case 4 and case 5, we understand that the delay and the reliability requirements are important, so QoE could focus on both aspects. We are also supportive on both cases.

	CHTTL
	Supportive to case 1,3,4,5.

	ZTE
	Case 1/2/3.

For the case 1/2, since case 1 and case 2 has already been supported in LTE, it should be supported in NR as well.

For case 3, considering a WI on VR QoE has already been approved in SA4 and as the expected output of the WI, the DASH protocol will be extended to support the configuration and reporting of the new metrics identified for VR, we think the case 3 shall be supported as well.

For the case 4/5, we are open to the case 4/5. However, considering the QoE metrics collection is mainly based on the DASH (Dynamic Adaptive Streaming over HTTP) framework, it is not clear whether and how the case 4/5 can be supported by DASH, especially for case 5, and we think the case 4/5 shall be discussed in SA first (i.e. the new use case for QoE shall be discussed in SA4 instead of RAN, and a 26.118 similar specs may be required for each case).

	CATT
	Case1, 2, 3.

Case 1 and case 2 are supported in LTE, it should be considered in NR QoE collection. 

For case 3, based on the expected output of SA4 WI on VR QoE, we think it can be supported in NR as well.

	OMESH
	We are supportive on all the listed cases, for case 3-4, we think interactive services shall also be examined in R17. For case 5, we wonder if V2X shall be included.

Generally speaking, we think for services beyond traditional voice/data, the QoE is a combination of many parameters that cannot be simply presented by one dimension. The study can be quite broad, so we shall identify what can be achieved in a 9-month SI.

	China Telecom
	We are interested in case 1,3,4,5 from perspective of operator’s market requirement.

	Spreadtrum
	Support Case1,2,3

The case 1 and case 2 has already been supported in LTE, so these two cases should be supported in NR as well.
For the case3, RAN can support QoE feature based on the output of SI of “QoE metrics for VR” from SA4.
For the case 4/5, we think these two cases should be studied in SA first.

	China Unicom
	All the cases above shall be supported in NR QoE.

For case 1 and 2, LTE QoE is already supported, and these cases should be considered in NR QoE.

For case 3, there are related WI/SI in SA4 and RAN should be supported in NR.

For case 4, this type of service is critical for operators in 5G era. Operators have learned some experience in 4G to solve air interface congestion. This use case should be supported in NR QoE.

For case 5, operators cooperate with industry partners working on URLLC type service. By now, operators can provide remote health care service, e.g. gastroscope, telemedicine, and smart factory for industrial manufacture, and some other URLLC service.  


Q2: RAN QoE parameters

In UTRAN and E-UTRAN, QoE Measurement Collection for streaming services have been specified. But the 5G network will provide service for various kinds of vertical industries and various kinds of users, the 5QI service requirements may not enough to provide good user experience for all the user requirements. Thus in the 5G network, RAN also needs to collect the user KPI information, eg. E2E reliability statistic indicator, etc.

Q2: Which of RAN parameters may impact user QoE? Which parameters can’t be collected by RAN so far?
Table 2: RAN QoE parameters

	Companies
	Answers

	Huawei, HiSilicon
	In our understandings:

- in the current 5G networks, 5QI reflects required service level in terms of typical metrics, basically it is about user data rate, delay and reliability;

- Most of 5QI metrics will influence user QoE, so the network could judge whether user QoE is satisfied by meeting 5QI metrics. From RAN point of view, there is a mapping between 5QI and RAN parameters;

- in addition to 5QI, there are also lots of performance related parameters, e.g. PRB usage, cell level measurements, and these measurements may also have some impacts on user QoE. For example, if PRB usage is high in some periods, some of users may not get enough network resources so that QoE may be degraded.

In summary, we think that lots of (existing) RAN parameters may impact user QoE.

	CHTTL
	Can be further studied in the WI

	ZTE
	Considering the GBR/PDB can be configured for the delay critical services (e.g. case 1/2/3 in Q1), we think the QoE will be mainly impact by the QoS parameters configured by NG-C. If the GBR can not be achieved, the NW may trigger the release of the concerned QoS flow.

For the information collection, we understand the usage of QoE and MDT/SON are different, but it seems lots the RAN related information have been discussed in the Rel-16 SI RAN-centric Data Collection and Utilization for NR (even not all of them has been adopted in the WI phase), and these information discussed can be used to monitor the impact on QoE as well.

	CATT
	In general, we think lots of RAN parameters may impact user QoE. And if these parameters are already defined by R16 MDT/SON, they can be reused. Further study can be done in the WI. 

	OMESH
	We agree that many RAN parameters can impact QoE. We may need to have a new model to study the impact before we reach the conclusion what set of parameters shall be collected or configured. 

	China Telecom
	We think 5QI is not enough for the present QoS flow+radio bearer mechanism. Especially for specific service, e.g., AR/VR video service，uRLLC service, the RAN parameters should be case-specific.

	Spreadtrum
	According to the QoE Metric Definition [26.247], the QoE report consists of the measurements most related to application layer.

 In NR, the list of GBR QoS flows which are not fulfilled anymore or fulfilled again by the NG-RAN node will be informed to core network, this can be regarded as a kind of QoE report from RAN.

For the MDT and SON discussed in RAN, these measurements introduced will be used for the network optimization. AS the QoS measurements including delay and throughput are introduced in the MDT measurements, whether these QoS measurements can be used for QoE and how to report it need further discussions.

Therefore, we prefer to use the existing measurements for QoE.

	China Unicom
	RAN parameters which may impact QoE of the service listed in Q1 should be studied. RAN parameters should be studied case by case. UE related  service measurement parameters, e.g. these parameters which may need to inform RAN for improving UE experience, should be considered.


Q3: Resource allocation for QoE

Mechanism for QoE-assistant network resource management. Different UEs have different QoE requirements, resource allocation should be based on the UE’s requirements. QoE parameters can be defined as UE-specific and service related. In addition, QoE can be used as a criteria to evaluate network solutions. In the past, it was normally used the metrics such as throughput, capacity and coverage for performance evaluations for network solutions. By using QoE parameters, solutions could be evaluated in different aspects and more related to user and service experience. 

In NR QoE SI, study to define a unified evaluation criterion to evaluate the network performance (e.g. proportional relation between resource utilization and QoE indicator).

For example, the following cases can be considered for the network performance evaluation.

Case1: Increase the resource allocated to UE, and the QoE can be improved obviously;

Case2: Decrease the resource allocated to UE, and the QoE will not be decreased;

Case3: Decrease the resource allocated to UE, and the QoE will decreased slightly;
Q3: Which aspects of resource allocation should be considered? E.g. PRB utilization.
Table 3: Resource allocation for QoE
	Companies
	Answers

	Huawei, HiSilicon
	For QoE feature in 3G and 4G, we understand that OAM will collect the QoE information and then operators could do some optimizations based on both QoE and other measurements.

For the considerations provided by the email rapporteur, we are interested. Firstly, we think it may need some attentions on RAN using such QoE for RRM purposes. Secondly, if it is going to correlate QoE with resource utilization, we think that maybe UE-based resource utilization can be considered as a metric. In current 4G standard, PRB usage has been defined and it is a cell level measurement, operators can judge whether a cell is overloaded through this metric. As a further step, we think PRB utilization can be counted as per UE basis, and then there may be some relations between the used resources and the provided QoE.

In summary, we think that all three cases are valid from RRM point of view, and UE-based resource utilization could be further studied.

	CHTTL
	Can be further studied in the WI.

	CATT
	Can be further studied in the WI.

	OMESH
	Again we may need a new model for study the link between resource allocation and QoE, via the set of parameters.

	China Telecom
	We support to develop resource allocation mechanism based on QoE requirement and feedback. The closed cycle in RAN is more instantaneous than 5GC- or OAM-based data analysis and policy implementation.

	Spreadtrum
	We think the network will provide the services for UE based on the QoS parameters of QoS flows and slice information, optionally. 

The RRM can be performed considering the information from RAN, e.g. UE measurements and cell load status. Whether the QoE can be used for RRM needs to be further studied and evaluation of network performance is necessary before deciding to introduce new QoE measurements for RRM. 

Furthermore, the avoiding of introducing extra complexity in UE should be considered carefully.

	China Unicom
	QoE information for RRM purpose, UE-based resource utilization metrics could be further studied, e.g. PRB utilization, power allocation, and the ratio between the resource allocation and the user QoE, etc.


Q4: Reporting resource configuration
Mechanisms to support for RAN QoE parameters collection and RAN network optimization. 

To support NR RAN QoE, it needs to study the mechanisms of trigger, configuration and reporting for QoE measurement collection, including all relevant entities (e.g. UE, network entities). Some other solution if possible. How to configure the reporting interval, reporting information is very important, and proper reporting configuration can guarantee the UE QoE optimization and will not cause unnecessary waste of radio resource.

Q4: Is it necessary to define different mechanisms or configuration parameters for different service types?
Table 4: Reporting resource configuration
	Companies
	Answers

	Huawei, HiSilicon
	Since QoE feature has been defined in 3G and 4G, so we think the feature can be considered as a baseline for NR QoE. In addition, we have more comments:

(1) QoE feature in 3G and 4G is based on MDT framework. On one hand, MDT framework is well defined and it has been deployed in some networks, so it should be a reasonable framework; on the other hand, MDT is aimed at coverage and QoS requirement, while QoE is aimed at higher level user experience, so it may be an option to have some differences, e.g. QoE feature and MDT feature could be performed separately. Generally, we are open to think about the structure for NR QoE.

(2) From RAN point of view, we also support that NR QoE could be future compatible so that more and more services could benefit from the feature.

	CHTTL
	Yes we are supportive to further study this aspect in the WI.

	CATT
	Can be further studied in the WI.

	OMESH
	Yes

	China Telecom
	The performance seems better if different mechanisms or configuration parameters are defined according to service types. But the signalling overhead may be an issue and should be considered, especially the trade-off between performance and cost.

	Spreadtrum
	As the MDT and SON has been supported in RAN and can be used for RAN network optimization, we think we should justify and evaluate the requirements of introducing the QoE for RAN network optimization first. Furthermore, the complexity and cost of UE should be considered carefully.

	China Unicom
	MDT is used for network coverage and Qos improvement. QoE is mainly focusing on UE-specific service optimization, and the mechanism should adaptive to new 5G services in the future. The details of  mechanism can be further studied in the WI.


Summary
8 companies participate in this email discussion.

Summary of Q1

8 companies reply Q1.

8 companies support case 1 and 3. Streaming and AR/VR video service are high priority use case for operators and vendors.

6 companies support case 2, 5 companies support case 4 and 5. One company is open for case 4 and 5, and one company perfer to study case 4 and 5 in SA4. For real-time gaming and uRLLC service are from operator market demands, and these two use cases are not clear whether DASH framework could support or not. For case 2, this use case is already supported in LTE, and this use case should be supported in NR QoE collection as well.

Proposal 1:  All the listed 5 use cases should be studied. For the use cases of real-time gaming and uRLLC, it can be further studied that whether the existing mechanism (e.g. DASH) could support or not.

Summary of Q2

8 companies reply Q2.

Most of the companies agree that RAN parameters impact user QoE. There is a mapping between 5QI parameters configured by 5G-C and RAN parameters. On one hand, some companies propose to consider but not limited in RAN-side parameters studied in R16 SI RAN-centric Data Collection and Utilization for NR. On the other hand, operators propose to consider these RAN parameters for QoE should be case-specific and user related.
Proposal 2:  RAN side parameters should be further studied case by case as listed in Q1.

Summary of Q3

7 companies reply Q3 and all the  companies agree to further study the resource allocation mechanism for QoE.

5 companies support that NR QoE could be utilized for RAN RRM purposes. Resource allocation in RAN side could quickly react to QoE requirements in a shorter cycle than 5GC or OAM based implementation. 

Proposal 3:  Resource allocation mechanism for QoE need further study, and QoE parameters could be utilized for RAN RRM purposes.

Summary of Q4

7 companies reply Q4.

Most companies support to study the mechanism fulfilling for all 5G service types. As QoE parameters are related with service type and user experience, the mechanism for QoE may be different with MDT.

Proposal 4:  The mechanism to support NR QoE shall support for all types of 5G service, and the mechanism may be different with the existing mechanism (e.g. MDT). This new mechanism needs further study.
Conclusion
In this email, 7 companies share views on NR QoE. Based on the summary above, email moderator provide following proposals:

Proposal 1:  All the listed 5 use cases should be studied. For the use cases of real-time gaming and uRLLC, it can be further studied that whether the existing mechanism (e.g. DASH) could support or not.

Proposal 2:  RAN side parameters should be further studied case by case listed in Q1.
Proposal 3:  Resource allocation mechanism for QoE need further study, and QoE parameters could be utilized for RAN RRM purposes.

Proposal 4:  The mechanism to support NR QoE shall support for all types of 5G service, and the mechanism may be different with the existing mechanism (e.g. MDT). This new mechanism needs further study.
In addition, email moderator is expecting the followings to be discussed in email discussion between RAN#85 and RAN#86.

Discuss on the new 5G use cases that operator are planning for 5G commercial deployment.

Discuss on QoE parameters beneficial for RAN side RRM.

Discuss on the QoE mechanism which are adaptive to easily extend to support all new emerging 5G service.


