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Introduction
In this contribution we discuss the enhancements needed for supporting high mobility scenarios, based on the below RAN3#117-bis-e agreement and RAN3#118 TBC:
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. 

Discussion
Rel-17 specifications support two types of filtering criteria for QoE measurements: geographical and non-geographical.  
With the Area Scope of QMC IE, the OAM provides the gNB with a filter, based on a common, geographical, characteristic, indicating where the QMC shall take place, as specified in clause 5.4 of TS 28.405: 
The area scope parameter defines the area in terms or cells or Tracking Area/Routing Area/Location Area where the QMC shall take place. If the parameter is not present the QMC shall be done throughout the PLMN specified in PLMN target.
Observation 1: The Area Scope that a gNB obtains from the OAM defines a geographical filter for QMC.
With the Slice Support List for QMC IE, the OAM provides the gNB with a filter, based on a common, non-geographical, characteristic, indicating to the gNB a condition for sending QMC reports to the MCE, as described in clause 4.5.1 of TS 28.405:
13.	The gNB sends the QMC report to the MCE associated to the qoEReference and SliceScope.
Observation 2: The Slice Scope that a gNB obtains from the OAM defines a non-geographical filter for QMC.
For “QMC in high mobility”, we consider the following two scenarios:
· QoE (and RVQoE) is interesting only in HSDN cells.
· QoE (and RVQoE) is interesting only for UEs moving at high speed.
We think that QMC in the above two scenarios cannot be obtained reusing Rel-17 filtering tools. 

QMC in HSDN cells
Regarding the HSDN cell scenario, 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. We see however at least the following limitations when using this brute force approach:
· High speed train scenario is a flagship scenario for QMC in HSDN cells. High speed trains travel large distances and the number of HSDN cells along the route of interest may be a few hundreds, whereas the current signalling supports only up to 32 cells in the cell list in area scope. Hence, to assemble a meaningful configuration, 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. For each NR cell, the signalling payload will be = (number of cells x size of NR CGI (PLMN Identity + NR Cell Identity)). 
· Extending the current cell list to capture all the HSDN cells along the route of interest does not scale for random trajectory scenarios, where the is uncertainty of the trajectory implies the need to include prohibitively many cells in the cell list as well. 
· The longer the list, the more prone it is to errors in the configuration.
· Lack of flexibility: for example, an operator may want to evaluate the QoE in HSDN cells within a certain area scope. Instead of manually inserting the NR-CGIs of the HSDN cells into the cell list in the area scope, the “HSDN” indication can be used as a filtering parameter superimposed on the area scope, focusing the measurements only on the HSDN cells within the area scope. In fact, the HSDN indication (i.e., filtering criterion) can also be superimposed on the TAI list or the PLMN list, which not only greatly simplifies the network operations, but it is also infeasible by reusing the current area scope IE. In fact, superimposing the HSDN filtering criterion on the PLMN list could enable QoE measurement of all the HSDN cells in the PLMN.
· The operator may want to change the list at a later stage, so the list would require constant maintenance.
Observation 3: The approach where the OAM prepares beforehand a (very long) list of cells to indicate where QMC collection should take place has several limitations: prohibitive message size, vulnerability to errors, lack of flexibility and the need for maintenance.
Therefore, for the HSDN scenario, it seems required to define an HSDN-wide indication as a part of the QoE configuration.
The “HSDN” indication” should be signalled outside area scope. As explained above, this would allow to apply the area scope in conjunction with the HSDN filtering criterion and obtain a good flexibility. 
Proposal 1: To support QoE/RVQoE measurements in HSDN cells, add an “HSDN” indication to the NGAP and XnAP UE Application Layer Measurement Configuration Information IEs, as a separate IE.

QMC for high mobility UEs
With respect to the high UE mobility scenario, its defining property is that the UE is moving fast. This cannot be captured by means of geographical filters. For a UE onboard of a train traveling at high speed it is obvious that such UE is a fast-moving UE, but the UEs targeted by the use case are not restricted to a specific route or geographical area.
Observation 4: QMC for fast moving UEs is not restricted to a specific route or a geographical area.
We also observe that different operators may have different requirements to discriminate “high mobility UEs”. For example, a UE can be considered a “high mobility UE”, if its speed is above a certain threshold. In this case, instead of defining a certain (fixed) absolute value of speed above which a UE is considered in high mobility, it seems more appropriate to define a threshold parameter and let the operator set the desired threshold. For example, different operators may want to optimize the QoE according to different requirements in terms of the speed of the user, depending on their network deployment. 
Using a different approach, it may be interesting to consider as “UEs in high mobility” those users whose “mobility state” is “high mobility”.  
Observation 5: Different operators may have different requirements to discriminate “High mobility UEs”.
Therefore, RAN3 should discuss whether “High mobility UE” refers to a UE moving at a speed higher than a threshold, or to a UE in high mobility state.
Proposal 2: RAN3 to discuss whether “High mobility UE” refers to a UE moving at a speed higher than a threshold, or to a UE in a high mobility state.
It is evident that the existing Rel-17 mechanisms do not support the high mobility UE scenario, since no “high mobility” criterion (either “speed related” or “mobility state related”) is supported, neither in the QoE configuration, nor in the QoE reporting.
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. Since the “UE speed” and the “UE mobility state” are known at the UE, some impact at the UE side is required.
There are several options for supporting “QoE/RVQoE for high mobility UEs”:
a) The UE AS is responsible for filtering the QoE/RVQoE reports.
The gNB sends to the UE a “High UE mobility” filtering criterion, to instruct the UE to report only the QoE/RVQoE measurement results collected when this criterion is satisfied. Before the QoE/RVQoE are sent over the air interface, the UE AS evaluates whether the UE satisfies the “high UE mobility” condition. In this case, the UE application layer is not aware of the “high UE mobility” parameter, and the UE impact is limited to the UE AS.
b) The UE application layer is responsible for filtering the QoE/RVQoE reports. 
The gNB sends to the UE a “High UE mobility” filtering criterion, to instruct the UE to report only the QoE/RVQoE measurement results collected when this criterion is satisfied. Before the QoE/RVQoE are sent over the UE AS, the UE application layer evaluates whether the UE satisfies the “high UE mobility” condition. In this case, the UE application layer needs to be aware of the “high UE mobility” parameter.
c) The gNB is responsible for filtering the QoE/RVQoE reports.  
The gNB receives a QoE configuration including the “High UE mobility” filtering parameter. When a UE is configured for QoE/RVQoE measurements, the gNB instructs the UE to report, together with QoE/RVQoE reports, its “mobility” information (i.e., either the velocity or mobility state, pending RAN3 discussion). When the gNB receives the QoE/RVQoE reports, it checks whether the UE currently satisfies the filtering condition, and, if the condition is satisfied, the RVQoE reports are processed by the RAN, and legacy QoE reports are sent to the MCE. Otherwise, they can be discarded. In this case, either:
c.1) The UE AS reports the “UE mobility” information, OR
c.2) The UE application layer reports the “UE mobility” information.
In all the above options, the “High UE mobility” filtering condition can be sent from the OAM to the gNB as a part of the QoE configuration (in case of s-based QoE, in as part of NGAP and XnAP UE Application Layer Measurement Configuration Information IE). The encoding of this IE can be further discussed.
Proposal 3: To support QoE/RVQoE measurements for high-mobility UEs, add a “High UE mobility” filtering parameter to the NGAP and XnAP UE Application Layer Measurement Configuration Information IEs, as a separate IE.

In the table below we compare the above options:

	Option
	UE-related aspects
	gNB-related aspects
	Uu-related aspects

	a)
	· UE AS is impacted.
· UE application layer is not impacted. 
· AT commands is not impacted. 
· QoE/RVQoE reports not fulfilling the filtering condition are propagated from application layer to UE AS.
	· The gNB does not filter QoE/RVQoE reports. 
	· “high UE mobility” filtering condition sent to UE.
· QoE/RVQoE reports not fulfilling the filtering condition are not sent over the air interface.


	b)
	· UE AS is impacted.
· UE application layer is impacted.
· AT commands are impacted.
· QoE/RVQoE reports not fulfilling the filtering condition are not propagated from application layer to UE AS.
	· The gNB does not filter QoE/RVQoE reports. 

	· “high UE mobility” filtering condition sent to UE.
· QoE/RVQoE reports not fulfilling the filtering condition are not sent over the air interface.


	c.1)
	· UE AS is impacted.
· UE application layer is not impacted. 
· AT commands are not impacted. 
· QoE/RVQoE reports not fulfilling the filtering condition are propagated from application layer to UE AS.
	· The gNB filters QoE/RVQoE reports.

	· “high UE mobility” filtering condition not sent to UE.
· “UE mobility” information sent from UE.
· QoE/RVQoE reports not fulfilling the filtering condition are sent over the air interface.

	c.2)
	· UE AS is impacted.
· UE application layer is impacted.
· AT commands are impacted.
· QoE/RVQoE reports not fulfilling the filtering condition are not propagated from application layer to UE AS.
	· The gNB filters QoE/RVQoE reports.
	· “high UE mobility” filtering condition not sent to UE.
· “UE mobility” information sent from UE.
· QoE/RVQoE reports not fulfilling the filtering condition are sent over the air interface.


To reduce the impact on the air interface, it seems convenient to let the UE do the filtering, instead of the gNB, i.e., options a) and b) seem preferred compared to option c). The “cost” of this approach is a reduced control at the network side. This seems acceptable, provided that the RAN is still in control of whether and how for the filtering shall be done. 
Between option a) and option b), signalling support option a) seems simpler, since only the UE AS is impacted. The “cost” in this case is that the UE application layer will provide to the UE AS some QoE/RVQoE reports which are of no use, which seems acceptable.
Proposal 4: To support the “High UE mobility” QoE/RVQoE collection, a “high UE mobility” filtering condition is sent to the UE AS, which filters the QoE/RVQoE reports accordingly.

Conclusion
In this contribution we discussed the QoE support in high mobility scenarios. The following is observed and proposed:
Observation 1: The Area Scope that a gNB obtains from the OAM defines a geographical filter for QMC.
Observation 2: The Slice Scope that a gNB obtains from the OAM defines a non-geographical filter for QMC.
Observation 3: The approach where the OAM prepares beforehand a (very long) list of cells to indicate where QMC collection should take place has several limitations: prohibitive message size, vulnerability to errors, lack of flexibility and the need for maintenance.
Proposal 1: To support QoE/RVQoE measurements in HSDN cells, add an “HSDN” indication to the NGAP and XnAP UE Application Layer Measurement Configuration Information IEs, as a separate IE.
Observation 4: QMC for fast moving UEs is not restricted to a specific route or a geographical area.
Observation 5: Different operators may have different requirements to discriminate “High mobility UEs”.
Proposal 2: RAN3 to discuss whether “High mobility UE” refers to a UE moving at a speed higher than a threshold, or to a UE in a high mobility state.
Proposal 3: To support QoE/RVQoE measurements for high-mobility UEs, add a “High UE mobility” filtering parameter to the NGAP and XnAP UE Application Layer Measurement Configuration Information IEs, as a separate IE.
Proposal 4: To support the “High UE mobility” QoE/RVQoE collection, a “high UE mobility” filtering condition is sent to the UE AS, which filters the QoE/RVQoE reports accordingly.
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