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Introduction
QoE support in high mobility scenarios was discussed in past meetings, and the below agreement and TBCs captured during RAN3#117-bis-e, RAN3#118 and RAN3#119-bis-e:
OAM should have the flexibility to collect QoE only in high mobility scenarios and/or in HSDN cells instead of collecting blindly.
The following aspects on high speed scenario shall be discussed in next meeting:
Whether a “HSDN wide indication” can be included in the Area Scope of QoE configuration (from OAM to gNB), instead of OAM being required to provide the whole list of HSDN cells. 
Whether the ‘high UE velocity’ indication can be added into the QoE configuration.
RAN3 first focus on supporting the following scenario QMC:
· QoE measurement collection and reporting when the UE is in HSDN cells 
For confining the QoE measurements to HSDN cells, RAN3 to choose between the HSDN-wide indication, existing area scope and other possible enhancements if needed.
For supporting QMC in high mobility scenarios, RAN3 to determine the meaning of “high mobility”.

Discussion
We consider the following two scenarios:
· QoE (and RVQoE) measurements conducted only in HSDN cells.
· QoE (and RVQoE) measurements conducted only when the UE is in high mobility.
The scenarios above cannot be supported reusing Rel-17 solution and certain enhancements are needed. 

QMC in HSDN cells
A RAN3#119-bis-e agreement states:
For confining the QoE measurements to HSDN cells, RAN3 to choose between the HSDN-wide indication, existing area scope and other possible enhancements if needed.
According to the above, the HSDN scenario shall be supported, and the options are:
· Reusing the existing Area Scope for QMC IE.
· Introducing an “HSDN cells only” indication into the QMC configuration, to confine the measurements to HSDN cells.
· Other enhancements, such as the extension of the size of the Area Scope for QMC IE.
In general, the OAM knows whether a cell is an HSDN cell or not. Hence, some companies have argued that, instead of defining an explicit HSDN filtering criterion, an operator could manually/automatically assemble in the OAM the list of HSDN cells of interest and create a QMC job accordingly. Nevertheless, this approach has several disadvantages.
For the case of random trajectory scenario, extending the current cell list to capture all the HSDN cells along a route of interest does not scale. In random trajectory scenarios, the list of HSDN cells that the vehicle may traverse is unknown in advance. Herein, assembling the area scope by guessing the relevant list of cells may result in an extremely long list of cells. For each NR cell to be indicated in the QMC configuration, the payload size will be = (number of cells x size of NR CGI (PLMN Identity + NR Cell Identity)).
For the case of deterministic trajectory scenario, such as the high-speed train scenario, we should consider that high speed trains travel large distances, meaning that the number of HSDN cells along the route of interest may be several hundreds. On the other hand, the current signalling supports only up to 32 cells in the cell list in area scope. Hence, to assemble a cell list that would cover all the cells to be traversed by the train, the number of HSDN cells in the list, and, consequently, the size of the corresponding IE and the entire message size, is likely to be prohibitively large. 
Observation 1: Neither the HSDN scenarios with deterministic trajectory, nor the HSDN scenarios with random movement can be supported by the current Area Scope for QMC IE.
Observation 2: Neither the HSDN scenarios with deterministic trajectory, nor the HSDN scenarios with random movement can be supported by the extending the maximum size of the Area Scope for QMC IE.
Observation 3: The extension of Area Scope for QMC IE does not scale and cannot be supported by the current maximum size of the QoE configuration container.
As opposed to uneducated guessing which may result in quite long cell lists, an “HSDN cells only” indication can be used as a filtering criterion that complements the Area Scope for QMC IE, to evaluate the QoE only for HSDN cells. For example, superimposing the HSDN filtering criterion on the PLMN list in Area Scope for QMC IE can enable QoE measurement of all the HSDN cells in the PLMN. 
Proposal 1: To support QoE/RVQoE measurements in HSDN cells, add an “HSDN cells only” indication to the NGAP and XnAP UE Application Layer Measurement Configuration Information IEs, as a separate IE.

QMC for UEs in the high mobility
Another RAN3#119-bis-e agreement states:
For supporting QMC in high mobility scenarios, RAN3 to determine the meaning of “high mobility”.
In this section, we discuss:
· The definition of high mobility state in the context of QMC.
· The solution for QMC for UEs in the high mobility state. 
The definition of “high mobility” in the context of QMC
The quality of experience is likely to be inversely proportional to the UE speed, so collecting QoE measurements when UEs are in high mobility is of high interest. 
During previous meetings, it was proposed to classify a UE as a “UE in high mobility” based on the “high mobility state” as specified in TS 38.304. According to TS 38.304, a UE is in high mobility state if the number of cell reselections performed by the UE in a certain time interval is higher than a certain value. However, this information is collected by the UE while in non-CONNECTED RRC states and provided to the RAN when it resumes or (re)connects to the network in the mobilityState as a “snapshot” of the UE velocity. Hence, the “high mobility state” as defined in TS 38.304 is not representative of the UE speed when the UE is in RRC_CONNECTED state.
Observation 4: The definition of high mobility state in TS 38.304 pertains to the non-CONNECTED RRC states, which means that it cannot be reused for QMC.   
Another disadvantage of defining “high mobility” based on the “high mobility state” in TS 38.304 is that the “status” of the UE depends both on its actual speed and on the reselection parameters configured in the network (the combination of the two aspects determines the number of resections in a time interval). Since the cell reselection parameters can be set differently in different parts of the network, this creates an ambiguity in the meaning of “UE in high mobility”.
Observation 5: The use of high mobility state defined in TS 38.304 for QMC may lead to ambiguity, since the number of cell reselections performed by the UE does not only depend on UE speed, but it also depends on the reselection parameters configured in the network.
Moreover, according to the RRC specification, the mobilityState is not always sent by the UE, but only if speedStateReselectionPars is configured in the SIB2. This means that, if “high mobility” is defined based on the mobilityState, at least some basic “coordination” is needed to make sure that speedStateReselectionPars is broadcast in SIB2 in the cells where QoE measurements are to be collected. 
Hence, it does not seem meaningful to define “high mobility” in the context of QoE measurements based on TS 38.304 definition of high mobility. Instead, the QoE configuration provided by the OAM can be enhanced to include a high mobility threshold expressed in units of speed. In other words, a UE is high mobility state when its speed is above the threshold, which can be decided by the operator. This approach does not introduce any ambiguity, as the filtering criterion solely depends on the UE speed, and it pertains to any RRC state (as opposed to the approach based on TS 38.304). 
Proposal 2: For QMC, a UE is in high mobility when it is moving at a speed higher than a threshold, specified in the QoE measurement configuration.
The solution to support QMC for UEs in high mobility
Given that the QoE measurements are collected from session start to session end (or until the QoE configuration is released), there needs to be a mechanism to filter only the QoE measurements that fulfil the “high mobility” criterion, i.e., to discriminate QoE measurements associated to high mobility. The UE speed is known at the UE, and we analyse two options to support QoE and RVQoE for “UEs in high mobility”. We present two options, based on a threshold filtering parameter, and in both options the UE application layer does not need to be aware of the UE speed.
Option A) The UE AS filters the QoE/RVQoE reports: The gNB sends to the UE the threshold filtering parameter, to discriminate if the UE is in high mobility or not. The UE impact is limited to the UE AS, which evaluates the UE speed and sends to the RAN only the QoE/RVQoE reports containing measurements collected when the speed is above the threshold. 
Option B: The gNB filters the QoE/RVQoE reports: The gNB receives a QoE configuration including the threshold filtering parameter. When a UE is configured for QoE/RVQoE measurements, the gNB instructs the UE to report its speed together with QoE/RVQoE reports. When the UE AS sends the QoE/RVQoE reports to the gNB, it also sends the “UE speed”. The gNB checks whether the UE speed is higher than the “High mobility threshold”. The QoE/RVQoE reports collected when the speed is above the threshold are forwarded to the MCE/used by the gNB, while other reports can be discarded. 
The table below summarizes the two options:



	Option
	UE-related aspects
	gNB-related aspects

	A
	The UE sends only QoE/RVQoE reports collected when the speed is above the threshold.
	The gNB receives a “High mobility threshold” from OAM/CN and sends it to the UE.

	B
	The UE sends all collected QoE/RVQoE reports.
	The gNB receives a “High mobility threshold” and uses it to filter the received QoE/RVQoE reports. 


To reduce the amount of reporting over the air interface, it seems preferred to let the UE do the filtering, instead of the gNB, as per Option A. The “cost” of this approach is a reduced control at the network side, which seems acceptable, provided that the RAN still controls whether and how the filtering shall be done. 
To summarize, QMC for UEs in high mobility can be supported as follows:
· The OAM sends to the gNB (directly for m-based QoE, or via CN for s-based QoE) a “High mobility threshold” in the QoE configuration. This requires adding a new “High mobility threshold” IE in the NGAP and XnAP UE Application Layer Measurement Configuration Information IE. 
· The gNB sends the “High mobility threshold” to the UE.
· The UE sends to the gNB only the reports pertaining to the speeds higher than the threshold
Proposal 3: To support QoE/RVQoE measurements for UEs in high mobility, add a “high mobility threshold”:
· To the NGAP and XnAP UE Application Layer Measurement Configuration Information IEs, as a separate IE.
· In the QoE configuration sent to the UE.

Conclusion
In this contribution we discussed the QoE support in high mobility scenarios. The following is observed and proposed:
Observation 1: Neither the HSDN scenarios with deterministic trajectory, nor the HSDN scenarios with random movement can be supported by the current Area Scope for QMC IE.
Observation 2: Neither the HSDN scenarios with deterministic trajectory, nor the HSDN scenarios with random movement can be supported by the extending the maximum size of the Area Scope for QMC IE.
Observation 3: The extension of Area Scope for QMC IE does not scale and cannot be supported by the current maximum size of the QoE configuration container.
Proposal 1: To support QoE/RVQoE measurements in HSDN cells, add an “HSDN cells only” indication to the NGAP and XnAP UE Application Layer Measurement Configuration Information IEs, as a separate IE.
Observation 4: The definition of high mobility state in TS 38.304 pertains to the non-CONNECTED RRC states, which means that it cannot be reused for QMC.   
Observation 5: The use of high mobility state defined in TS 38.304 for QMC may lead to ambiguity, since the number of cell reselections performed by the UE does not only depend on UE speed, but it also depends on the reselection parameters configured in the network.
Proposal 2: For QMC, a UE is in high mobility when it is moving at a speed higher than a threshold, specified in the QoE measurement configuration.
Proposal 3: To support QoE/RVQoE measurements for UEs in high mobility, add a “high mobility threshold”:
· To the NGAP and XnAP UE Application Layer Measurement Configuration Information IEs, as a separate IE.
· In the QoE configuration sent to the UE.
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