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1
Introduction
In TR 38.890, RAN3 has captured many aspects, which have an impact on RAN2 specifications. In this contribution, we focus on three items from TR 38.890 and analyse them from RAN2 perspective:

1. RAN visible QoE information reporting by UE, as captured in section 6.7 of TR 38.890

2. Radio-related measurements and information for QoE, as captured in section 6.8 of TR 38.890

3. Per slice QoE measurement, as captured in section 6.9 of TR 38.890

2
Discussion
2.1
RAN visible QoE information reporting by the UE
RAN3 made the following agreements with respect to RAN visible QoE information reporting by the UE during their last meeting:
	RAN visibility of some QoE information may be useful - to be confirmed in next meeting

Study the solution for QoE awareness:

- Type 1: gNB understands QoE report up to implementation

Opt. a) gNB directly understand UE QoE report up to implementation

Opt. d) gNB derives QoE score from UE QoE report by ML model

- Type 2: gNB receives RAN-visible QoE metrics from UE

Opt. b) UE reports generic QoE score to gNB

Opt. e) UE provide the report data as two parts, one for RAN with RAN designed format, 

- Type 3: gNB receives RAN-visible QoE metrics from MCE.

To be continued: 

What kinds of QoE metrics for RAN to understand, generic QoE score or some selected QoE parameters?

How to derive the RAN visible QoE metrics, from access stratum or application layer?

 To be continued...




Some overall description of this feature is also captured in section 6.7 of TR 38.890, focusing mainly on Type 2 solutions, but according to the Editor’s Note at the beginning of the section, the procedure serves only as an example:

Editor's NOTE: This section describes the potential procedure for UE to report RAN visible QoE information. 

It should also be noted that RAN3 has not decided whether such information is truly useful for RAN.
Editor's NOTE: It is FFS whether RAN awareness of QoE information is useful, and whether UE reporting is needed.
In this section of the document, we would like to provide our RAN2 perspective on this aspect. 

Firstly, it should be noted that RAN is currently acting based on the per data flow QoS information provided from CN and it is unclear how QoE information would impact this behavior. Furthermore, a big part of the information reported in QoE is already available at radio level as well, e.g. buffer status of a logical channel, packet latency etc. Lastly, the QoE report is normally sent once at the end of QoE measurement session. If the motivation for RAN visibility of QoE reports is to allow for some real-time action in RAN, then some partial reports would have to be sent in the middle of the measurement session to allow RAN to react. Afterwards, an additional report should be sent so that RAN can verify whether its actions provided desired effects. Therefore, such mechanism would require many discussions and specification work in RAN2 while the benefits over the existing measurements were not proven. We provide more detailed analysis of usefulness of different QoE metrics in our RAN3 paper in [1].  Assuming that it is proven QoE related metrics are useful for RAN in general, then yet another question worth asking is why they should be linked with QoE measurements, which are configured only occasionally and only for a subset of UEs. It would make more sense to specify such mechanism separately from the QoE reporting which is destined for upper layers and whose big advantage is transparency to RAN at the moment.
Observation 1: RAN performs radio resource management procedures based on QoS requirements received from CN for a data flow currently. Usefulness of QoE reports utilization for RRM is unclear.
Observation 2: RAN can already obtain a lot of information allowing it to meet the QoS requirement of the service such as radio measurements, packet latency measurements, buffer status of a logical channel etc. It is unclear how QoE data could be used on top of it and whether it provides any additional useful information.
Observation 3: If the intention of RAN visible QoE reporting is for RAN to perform real-time actions at AS layer, then it is unclear why such mechanism was to be specified as part of the QoE framework and not as a separate reporting mechanism different from the one used for QoE reporting for upper layers which is currently transparent to RAN.
Proposal 1: Capture the above observations in TR 38.890.
Based on the above observations, we have doubts about the overall usefulness of RAN visible QoE reporting. At the same time, it seems the impacts on RAN2 specifications and RAN specifications in general seems very high. In the table below we provide some analysis of all the proposed solutions, focusing mainly on their impacts for RAN2 and potentially other WGs.
	Solution candidate (as per RAN3 agreement)
	Pros
	Cons

	Type 1: gNB understands QoE report by implementation (either by reading the report directly (option a)) or by determining QoE score with ML techniques (option d))
	- No impact on RAN specifications

- The QoE configuration/report design from upper layers can be reused directly

- No need to define and implement a separate QoE model for RAN, i.e. the same QoE model and implementation as specified by SA4 can be reused in both OAM and RAN
	- Not all information in QoE report is useful for RAN, so some filtering/parsing in RAN would be required
- Privacy issue may exist, i.e. it may be undesirable for a RAN node to read the contents of QoE reports

	Type 2: gNB receives RAN-visible QoE metrics from UE

Opt. b) UE reports generic QoE score to gNB
	- Just a single QoE score metric has to be defined and reported
	- RAN2 has to specify dedicated RAN visible QoE IEs in RRC

- QoE score calculation algorithm has to be decided/specified by 3GPP (it is unclear which WG should do so)

- RAN WGs need to maintain QoE score and QoE configuration definitions in RAN specifications, e.g. when a new service gets supported by QoE
- The usefulness of the QoE score for real-time actions in RAN is unclear

	Type 2: gNB receives RAN-visible QoE metrics from UE

Opt. e) UE provide the report data as two parts, one for RAN with RAN designed format,
	- It is possible to only specify the QoE metrics which are found most useful for RAN
	- RAN2 has to specify dedicated RAN visible QoE IEs in RRC

- RAN WGs need to maintain QoE metrics and QoE configuration definitions in RAN specifications, e.g. when new service gets supported by QoE

- The usefulness of the QoE metrics on top of existing radio measurements/reports is unclear

	Type 3: gNB receives RAN-visible QoE metrics from MCE.
	- No impact to RAN specifications
	- The work is transferred from RAN WGs to other WGs (SA2, SA5)

- The latency of receiving the report in RAN is increased compared to other solutions


Proposal 2: Capture the analysis in the table above in TR 38.890.
2.2
Radio-related measurements and information for QoE

To be able to efficiently correlate radio measurements and other radio information with the QoE measurements, the information such as time stamps or UE mobility history is useful, e.g. in order to see how the UE radio configuration modification impacted the QoE of the application or how the same application performed in different cells in the network or under different UE mobility state or velocity. For radio measurements gathering, RAN3 has already agreed that MDT based framework can be reused. Furthermore, it seems there is no real motivation to introduce any new measurements, so the impact of this feature on current specifications is limited to network interface aspects such as interactions between RAN and CN or OAM. 

Observation 4: Current MDT framework and existing radio measurements can be used together with QoE measurements without additional specifications impact in RAN2.

On the other hand, for radio information collection two main approaches can be envisaged:

1. Radio related information gathering at the UE.

2. Radio related information gathering at the network side.

In order to decide which of the approaches is more efficient, it would be important to decide what kind of information is to be gathered first. TR 38.890 does not include such information as of now. The radio configuration parts that could be useful to analyse the QoE information could be:

· UE configuration, e.g.:

· utilized BWP

· CA or DC configuration of the UE
· PDSCH/PUSCH configuration of the UE
· UE mobility history

It should be noted that UE configuration elements are known to both RAN node and the UE. Similarly, the UE mobility history is gathered by both the UE (in RRC IDLE, RRC INACTIVE and RRC CONNECTED states) and by the network (only in RRC CONNECTED state, but the network may request the UE to report its logged mobility history).

As can be seen from TS 38.300, section 15.5.4 and 38.331, section 5.7.10.3, the logging at the UE side is performed each time the UE changes its serving cell and the following information is stored:

· Cell information (for each NR and LTE cell):

· CGI

· Physical cell ID

· Carrier frequency

· Time spent in the cell

On the network side, the source NG-RAN node collects and stores the UE History Information for as long as the UE stays in one of its cells. The information is propagated during the handover by including it in the Handover Preparation procedures either on the NG or Xn interfaces and then the target node continues to collect and store UE mobility information and propagates it further. 

Based on the above, it seems there is no need to define any new air interface procedures to support radio information gathering for QoE purposes as all the required information seems to be already available based on the current procedures. 
Observation 5: There is no need to define any new air interface procedures to support radio information gathering for QoE purposes as all the required information is already available based on the current procedures.
For the network side, there may be three additional issues which should be solved:

1. Time stamping of the radio information related to UE configuration and mobility allowing this information to be mapped to the QoE results.
2. Specifying network interface procedures allowing to provide this information to CN/OAM.
3. Specifying that configuration information should be forwarded from the source gNB to target gNB on handover (similarly as UE mobility history gets forwarded).
4. When to trigger the radio information collection at the network side.
First three bullets are rather straightforward, they are already being investigated by RAN3 and RAN2 involvement is not required. For the fourth bullet, there could be some extra work to do for RAN2, on the other hand. In theory, the network could start gathering radio information from the time when the QoE configuration is provisioned at the UE. However, this could be an unnecessary effort as the UE may not start the QoE measurement right away. RAN3 has already noticed this and captured the following in TR 38.890: “Since the application-related QoE measurements are only collected when the application session is ongoing, the same requirement holds for radio-related QoE measurements, as well. There are two ways to achieve such goal:

1. The UE can inform the network about the start of the QE measurement session and based on that the network may trigger radio measurements via MDT and/or start to record the UE radio configuration details. 

2. The network may provide the required radio measurements configuration together with QoE configuration and the UE may trigger these measurements automatically when QoE measurement session starts.

The second solution would only work for the measurements/information gathered at the UE side while, as mentioned above, it seems more beneficial to collect it at the network side. 
Proposal 3: UE should inform the network when starting/ending a QoE measurement session to allow the network to trigger/stop gathering of additional information, e.g. radio measurements or other radio information.
2.3
Per slice QoE measurement

There is very little information about the per-slice QoE measurement in the current version of TR 38.890. The only pieces of information that are relevant for RAN2 are the following:

	6.9.2.1 
Configuration

The Slice Scope information should be included in the QoE configuration. 
Editor’s NOTE: The Slice Scope in the QoE configuration is FFS.

(…)
6.9.2.3 
Reporting

The slice identification should be included in the QoE report. 

Editor’s NOTE: The slice identification in the QoE report is FFS.


However, this information relates mainly to the QoE configuration and report which are exchanged between RAN and CN/OAM, not for QoE configuration and report sent over the air interface. Even though there might be some impacts to RRC, e.g. to include some slice ID or PDU session ID in the QoE configuration/report, this still depends on the outcome of discussion in RAN3, e.g. about what scenarios are considered for this feature (please see, e.g. our RAN3 Tdoc in [2]). For the moment, it then seems that per-slice QoE support has no or minimal impact to RAN2, but this will have to be verified after RAN3 makes further progress. 
Observation 6: Per-slice QoE support seems to have no/minimal impact to RAN2, but this has to be verified after RAN3 makes further progress on this topic. 
3
Conclusions

Based on the discussion in the paper, the following is observed and proposed:
Observation 1: RAN performs radio resource management procedures based on QoS requirements received from CN for a data flow currently. Usefulness of QoE reports utilization for RRM is unclear.
Observation 2: RAN can already obtain a lot of information allowing it to meet the QoS requirement of the service such as radio measurements, packet latency measurements, buffer status of a logical channel etc. It is unclear how QoE data could be used on top of it and whether it provides any additional useful information.
Observation 3: If the intention of RAN visible QoE reporting is for RAN to perform real-time actions at AS layer, then it is unclear why such mechanism was to be specified as part of the QoE framework and not as a separate reporting mechanism different from the one used for QoE reporting for upper layers which is currently transparent to RAN.

Proposal 1: Capture the above observations in TR 38.890.
Proposal 2: Capture the analysis in the table above in TR 38.890.
Observation 4: Current MDT framework and existing radio measurements can be used together with QoE measurements without additional specifications impact in RAN2.

Observation 5: There is no need to define any new air interface procedures to support radio information gathering for QoE purposes as all the required information is already available based on the current procedures.

Proposal 3: UE should inform the network when starting a QoE measurement session to allow the network to trigger gathering of additional information, e.g. radio measurements or other radio information.
Observation 6: Per-slice QoE support seems to have no/minimal impact to RAN2, but this has to be verified after RAN3 makes further progress on this topic. 

A Text Proposal capturing these observations and proposals is provided in an Annex.
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6.7 
RAN visible QoE information reporting by UE

Editor's NOTE: This section describes the potential procedure for UE to report RAN visible QoE information. 

Editor's NOTE: It is FFS whether RAN awareness of QoE information is useful, and whether UE reporting is needed.
QoE aware by gNB enables close loop QoE optimization by RAN. It is too complicated for gNB to understand the real QoE metrics. RAN visible QoE information is simplified QoE information abstracted from QoE metrics by UE. gNB uses the RAN visible QoE information for close loop QoE optimization. Figure 6.7-1 shows the message flow for RAN visible QoE information reporting. 
[image: image1.emf] 
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Figure 6.7-1: RAN visible QoE information reporting

1.
gNB sends the RAN visible QoE configuration to UE, may along with the QoE measurement configuration container transmited from CN or OAM. 

2.
UE receives and applies the RAN-visible QoE configuration and/or QoE measurement configuration container. The RAN visible QoE Configuration may be so that the corresponding RAN visible QoE information can be a unique score or a combination of scores reflecting the QoE metrics useful for RAN (such as buffer level). The encoding of RAN visible QoE configuration and RAN visible reporting is FFS. The RAN-visible report is provided from the application layer of the UE to the UE’s RRC layer by means of an AT command. The UE’s RRC layer then includes the RAN-visible report, along with the QoE report container, but as a separate IE, in the MeasReportAppLayer IE, and sends it to the RAN.
3.
gNB reads the RAN visible QoE information and/or forwards the QoE report container to QoE server accordingly. 

At the moment, RAN performs radio resource management (RRM) procedures based on QoS requirements received from CN for a data flow currently. Usefulness of QoE reports utilization for RRM is unclear. It should be also noted that RAN can already obtain a lot of information allowing it to meet the QoS requirement of the service such as radio measurements, packet latency measurements, buffer status of a logical channel etc. and it is unclear how and which QoE data could be used on top of it and whether it provides any additional useful information. Furthermore, QoE reporting for upper layers is assumed to be transparent to RAN to a large extent and it is unclear why QoE metrics reporting should be specified as part of the QoE framework and not as a separate reporting mechanism (if its usefulness was proven).
6.8 
Radio-related measurements and information for QoE 

In order for the network to further evaluate and improve the QoE, RAN could also trigger radio-related measurements towards a certain UE, based on the QoE measurement configuration received from the OAM. For triggering the measurements an existing mechanism, e.g. MDT procedure can be used. 

The radio-related QoE measurements are reported for all types of supported services, and they include MDT-like measurements and, potentially, additional measurements related to the radio interface. If new radio-related measurements, with respect to what is currently specified in MDT, are required for NR QoE management, these additional radio-related QoE measurements will be specified as a part of MDT measurements. Since the application-related QoE measurements are only collected when the application session is ongoing, the same requirement holds for radio-related QoE measurements, as well.

Besides radio-related measurement results, radio-related information may also be reported. Radio-related information may be reported even when radio-related measurements are not triggered over the radio.

Both of the radio-related measurement results and radio-related information, if reported, should be aligned and correlated with the QoE report, using e.g. trace ID. 
UE should inform the network when starting/ending a QoE measurement session to allow the network to trigger/stop gathering of additional information, e.g. radio measurements or other radio information for correlation with QoE reports.
Editor’s NOTE: Whether other information, e.g. time stamp could be used for correlation is FFS. 

	Next change


7
Potential Impacts on NR specifications
Editor’s NOTE: Description of potential Specification impact, according to the potential solutions of NR QoE.
The table below summarizes pros and cons as well as specifications impacts of RAN visible QoE reporting for various considered solutions.
	Solution candidate
	Pros
	Cons

	Type 1: gNB understands QoE report by implementation (either by reading the report directly (option a)) or by determining QoE score with ML techniques (option d))
	- No impact on RAN specifications

- The QoE configuration/report design from upper layers can be reused directly

- No need to define and implement a separate QoE model for RAN, i.e. the same QoE model and implementation as specified by SA4 can be reused in both OAM and RAN
	- Not all information in QoE report is useful for RAN, so some filtering/parsing in RAN would be required
- Privacy issue may exist, i.e. it may be undesirable for a RAN node to read the contents of QoE reports

	Type 2: gNB receives RAN-visible QoE metrics from UE

Opt. b) UE reports generic QoE score to gNB
	- Just a single QoE score metric has to be defined and reported
	- RAN2 has to specify dedicated RAN visible QoE IEs in RRC

- QoE score calculation algorithm has to be decided/specified by 3GPP (it is unclear which WG should do so)

- RAN WGs need to maintain QoE score and QoE configuration definitions in RAN specifications, e.g. when a new service gets supported by QoE

- The usefulness of the QoE score for real-time actions in RAN is unclear

	Type 2: gNB receives RAN-visible QoE metrics from UE

Opt. e) UE provide the report data as two parts, one for RAN with RAN designed format,
	- It is possible to only specify the QoE metrics which are found most useful for RAN
	- RAN2 has to specify dedicated RAN visible QoE IEs in RRC

- RAN WGs need to maintain QoE metrics and QoE configuration definitions in RAN specifications, e.g. when new service gets supported by QoE

- The usefulness of the QoE metrics on top of existing radio measurements/reports is unclear

	Type 3: gNB receives RAN-visible QoE metrics from MCE.
	- No impact to RAN specifications
	- The work is transferred from RAN WGs to other WGs (SA2, SA5)

- The latency of receiving the report in RAN is increased compared to other solutions


Potential RAN2 specifications impacts for radio-related measurements and information for QoE:

- 
If new MDT measurements are deemed needed, RAN2 will have to specify those, 
-
In case the current measurement are deemed sufficient, there is no RAN2 impact
-
No new air interface procedures are required for radio-related measurements and information for QoE.
	End of changes
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