Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG2 #124	Tdoc R2-2312647
Chicago, US, November 13th-17th, 2023
Agenda Item: 7.8.2

Source:	Ericsson
Title:	Remaining aspects for UAV measurement reports, NS values and capabilities 
Document for:	Discussion, Decision
Introduction

In this paper we discuss these RAN2#123bis agreements and related FFS about measurement report enhancement for UAV UE in NR. 

Agreements:
-	The altitude from -420m to 1k above mt. Everest (i.e. ~10km) with 2m granularity.  
-	The maximum number of height ranges can be 8
-	Hysteresis is 1m granularity.  Value range for h1-Hysteresis, h2-Hystereris, heightHyst is 1m to 64m.
-	It is up to network implementation how to configure height range and hysteresis  
-	The height range configurations in ssb-toMeasure and AxHy are independent.
-	FFS UE behavior with respect to cell list is already clear when it switches to a new height range in either SSB to Measure or in eventAxHy (in rapporteur CR email discussion)
-	Regardless of whether the measurement object is associated with report configuration including numberOfTriggeringCells, UE measures height dependent SSBs for the current height (If any SSB-ToMeasure is not configured, UE measures all SS blocks as a legacy operation)
-	height based ssb-toMeasure configuration for IDLE/INACTIVE will not be support in Rel-18
-	Prohibit timer will not be supported
-	RSRP/RSRQ measurements will always be reported with height reporting (as currently it is mandatory)
-	Similar to all other event triggers in NR, allow reportOnLeave and timeToTrigger configuration for all newly introduced events (already captured in the running CR)

[bookmark: OLE_LINK5]The following agreements were made in RAN2#123bis for aerial NS values for OOBE requirements:
Agreements on NS values
-	RAN2 will adopt Option2 -  Specify a new Information Element. This new IE should contain the list of NS values applicable for UAV UEs only for the considered bands. When attaching to the cell, the UAV shall then support both the list of legacy NS values (from “NR-NS-PmaxList” in SIB4), and the list of “UAV specific” NS values (from the new IE element).
-	As of now, there is no explicit UAV UE capability but we will discuss which capability will implicitly be linked to a UAV UE capability.  Tell RAN4 that we will let them know which capability they can use, once RAN2 agrees on capabilities.     

Height-dependent configuration for reporting measurements 
In RAN2#121bis, the following agreements were made:

Agreements
1. Height-dependent more-than-one configurations is supported on parameter/field level (i.e. different fields/values within the same MO) where different values (or value ranges) of the parameter/field applies to different height or height range.
2. For MO configuration parameters: at least the following will have ability to be configured with height-dependent more-than-one configurations/values, each for a specific height region: SSB-ToMeasure. Details on how to specify is FFS.    FFS on UE behavior on L1 and L3 measurement.  
3.  For MR configuration parameters: at least the following will have ability to be configured with height-dependent more-than-one configurations/values, each for a specific height region: Event A4 threshold and numberoftriggeringcells.  Details on how to specify is FFS (i.e. maybe it can be achieved by combination of events).   
4. When height-dependent more-than-one configurations are provided, UE applies the new value once it moves to new height (or height range) similar to the case of RRC reconfiguration. Need Codes, field descriptions, etc. as in legacy specifications apply
5. If a height-specific value is not explicitly configured for certain height, whether to keep using the value that was used or consider the parameter as released (i.e. parameter/value not applicable at this height) should be looked into case by case, and can be clarified by need code, field description, or procedural text as needed.   FFS details

In RAN2#122, the following agreements were made for enhancements to UAV measurement reports:
Agreements
1. Add height-based list of SSB-ToMeasure with corresponding height ranges and hysteresis in MeasObjectNR.  FFS on the number of height ranges 
2. As a basic principle, if no height-specific SSB-ToMeasure is configured for a specific height region, the legacy behaviour applies.  
3. For UE behavior on L1 and L3 measurement, it is left to UE implementation whether to keep/discard the old samples while UE moves to a new height region with a different SSB-ToMeasure value
4. New event types will be introduced on the combination of event Ax and event Hx, at least for event A4 + event H1/H2. FFS for other event Ax + event H1/H2. FFS on details, e.g. whether to include one height threshold (H1 or H2 threshold) or a height range (both H1 and H2 threshold) in the new event, how to configure height-dependent numberOfTriggeringCells, etc.    This will be applied to all height dependent MR parameters.  
5. Whether UE height is included when UAV specific MR is triggered is configurable by the network.
6. We will use LTE UEheight.

Based on current running RRC CR, the height dependent numberoftriggeringcells is not implemented such that there would be height range in which UE applies certain numberOfTriggeringCells. When UE is configured with an event which is a combination of RSRP threshold and H threshold, it is true that that event may have certain numberOfTriggeringCells configured, and UE may be configured with another similar event but another height threshold and numberOfTriggeringCells. However, as it is an combined event, the event does not trigger unless UE itself exceeds the heigth threshold.

[bookmark: _Toc149893968]The current implementation of height dependent numberOfTriggeringCells requires a UE itself to exceed the height threshold in order to trigger with that numberOfTriggeringCells.
Proposal 1 [bookmark: _Toc149739320][bookmark: _Toc134525456][bookmark: _Toc149893971]For height dependent numberoftriggeringcells, RAN2 to implement the agreement such that in certain height range, there can be a certain configured numberOfTriggeringCells.
Further, a report interval, report amount and maximum number of non-serving cells in the ReportConfigNR can be configured corresponding to different heights. These should not lead to issues on updating filters or other ongoing procedures that the UE might have. Specifically, in TS 36.331 and TS 38.331, one parameter “maxReportCells” exists in the measurement report configuration (both event triggered and periodical), and denotes the max number of non-serving cells to include in the measurement report. As specified, maxCellReport equals to 8 both in TR 36.331 [1] and TS 38.331 [2].  The procedure would be a memoryless process: in a certain height range, if an event is triggered, the UE reports up to max amount configured for that height range. Since UAV UE is likely to see or be seen by more cells when flying at certain altitude and/or moving fast, 8 reports of non-serving cells might not be enough in this case and a height dependent maxCellReport is needed. 
[bookmark: _Toc149893969]The current value of maxCellReport in LTE and NR is not enough to handle the case where more non-serving cells should be included in the measurement report from UAV UE 
Similarly, for report interval and report amount, it is not reasonable to use the same configuration for UE in different heights. Hence, the following proposal is made: 
Proposal 2 [bookmark: _Toc134525457][bookmark: OLE_LINK9][bookmark: _Toc149893972]Support height dependent configuration for at least the following parameters: report interval, report amount and maximum number of non-serving cells

additionalPmax
In RAN2#123bis, it was agreed that a new information element will be introduced to contain the list of NS values applicable for UAV UEs only for the considered bands. In the running CR, this information element is named as NR-NS-PmaxListAerial-r18 like the existing NR-NS-PmaxList. In NR-NS-PmaxList, a list of NR-NS-PmaxValue which includes additionalPmax is shown below:
NR-NS-PmaxList ::=                      SEQUENCE (SIZE (1..maxNR-NS-Pmax)) OF NR-NS-PmaxValue

NR-NS-PmaxValue ::=                     SEQUENCE {
    additionalPmax                          P-Max                               OPTIONAL,   -- Need N
    additionalSpectrumEmission              AdditionalSpectrumEmission
}

[bookmark: OLE_LINK7]Then the question is that whether similar additionalPmax-r18 should be included in NR-NS-PmaxListAerial-r18 as shown below:
NR-NS-PmaxListAerial-r18 ::=            SEQUENCE (SIZE (1..maxNR-NS-Pmax)) OF NR-NS-PmaxValueAerial-r18

NR-NS-PmaxValueAerial-r18 ::=               SEQUENCE {
    additionalPmax-r18                          P-Max                           OPTIONAL,   -- Need N
    additionalSpectrumEmission-r18              AdditionalSpectrumEmission-r18
}

However, additionalPmax-r18 is not supported and defined in RAN4 for aerial UEs. Hence, additionalPmax-r18 should not be added in NR-NS-PmaxListAerial-r18.  

Proposal 3 [bookmark: _Toc149893973]RAN2 not to add additionaPmax-r18 in IE NR-NS-PmaxValueAerial-r18

UAV capabilities
In earlier RAN2 discussions, especially in the context of signalling of aerial NS values, there have been some proposals about defining an Aerial UE capability which the UE can use to indicate that it is an aerial UE. In our view, there is no good reason for defining such a stand-alone device capability. 
-First, 3GPP typically defines UE capability for each feature, e.g., UE measurement reports triggered by height thresholds. Hence, one can use a set of features, such as measurement reports triggered by height thresholds or by a number of triggering cells, to collectively indicates that a UE supporting such features is an aerial UE. In fact, it was the approach used in LTE Rel-15 and we see that the same approach can be used for NR Rel-18. This makes a stand-alone aerial UE capability redundant.
-Second, there could be UEs that behave like aerial UEs but do not support aerial capabilities, such as normal UEs in flying vehicles or on the high floors in high-rise buildings. On the other hand, for aerial UE landing on the ground or flying quite close to the ground, it actually doesn’t behave like a typical high-flying aerial UE which causes more interference in uplink and receives more interference in downlink. 

Proposal 4 [bookmark: _Toc149893974]RAN2 not to introduce a standalone aerial UE capability to indicate whether a UE is an aerial UE.

Conclusion
[bookmark: _In-sequence_SDU_delivery]
In the previous sections we made the following observations: 
Observation 1	The current implementation of height dependent numberOfTriggeringCells requires a UE itself to exceed the height threshold in order to trigger with that numberOfTriggeringCells.
Observation 2	The current value of maxCellReport in LTE and NR is not enough to handle the case where more non-serving cells should be included in the measurement report from UAV UE

Based on the discussion in the previous sections we propose the following:
Proposal 1	For height dependent numberoftriggeringcells, RAN2 to implement the agreement such that in certain height range, there can be a certain configured numberOfTriggeringCells.
Proposal 2	Support height dependent configuration for at least the following parameters: report interval, report amount and maximum number of non-serving cells
Proposal 3	RAN2 not to add additionaPmax-r18 in IE NR-NS-PmaxValueAerial-r18
Proposal 4	RAN2 not to introduce a standalone aerial UE capability to indicate whether a UE is an aerial UE.
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Appendix

As described in [3], the WID for supporting UAV in NR includes an objective on enhancing measurement reports, as follows:

	[bookmark: _Hlk149645109]1. Specify the following enhancements on measurement reports [RAN2]:
· UE-triggered measurement report based on configured height thresholds
· Reporting of height, location and speed in measurement report
· Flight path reporting
· Measurement reporting based on a configured number of cells (i.e. larger than one) fulfilling the triggering criteria simultaneously
Note: Work done in LTE is a starting point for this objective. NR-specific enhancements can be considered, if needed, while overall the LTE and NR solutions should be harmonized as much as possible.



In the revised WID for supporting UAV in NR [4], a new objective is introduced as follows:
	5. Based on the technical conditions defined for aerial UE usage in ECC Decision (22)07, study and specify the necessary UE types and additional OOBE requirements for aerial UEs in 1710-1785 MHz, 2500-2570 MHz and 2570-2620 MHz. [RAN4].
Note: In other frequency bands, OOBE limits applicable to terrestrial UE remain unchanged for aerial UE
Note2: Applicability of power classes for aerial UE may need to be addressed in RAN4
[bookmark: _Hlk130393847]Note3: RAN4 to identify the supported bands for aerial UE impacted by above information.



In RAN2#119e, the following agreements are made related to enhancement for measurement reports in NR:
	Agreements
1. Use LTE principle as a baseline, introduce similar event H1 (aerial UE height become higher than threshold) and H2 (aerial UE height become lower than threshold.  FFS if further NR enhancements are needed.  FFS study scaling of RRM parameters (e.g. which parameters and what is the purpose/benefit of the scaling and how)
FFS how to limit excessive measurements and measurement reporting 
FFS if user consent is needed for location reporting in CONNECTED
FFS study the vertical movement and associated mobility for UAV UEs
2. Rel-18 NR supports reporting of UAV UE’s height, location and velocity. It is for further study what accuracy and reporting mechanisms are required and if further enhancements are needed.  
3. As in LTE, flight path plan reporting will be introduced.  Location list of waypoints (3D location information) and timestamp is adopted as the basic content of flight path report.  FFS if timestamp is mandatory or optional for NR.  FFS if further enhancements are needed
4. Introduce similar functionality to LTE (numberofTriggeringCells).  FFS whether numberoftriggerbeams for NR is required or other enhancements.  FFS study how to avoid sending the measurement reports mainly due to reportOnLeave.



In RAN2#119bis-e, the following agreements were made:
	[bookmark: _Hlk126828526]Agreements:
1. The time information reported as part of flight path plan is optional. UE includes time info, if configured by the network and available at the UE. FFS on flight path details (waypoints and what is time information). 
2. Allow the flight path to be updated. FFS on the details. 
3. FFS on reporting format and initial flight path reporting (i.e. what information to report and how) – next meeting 
4. Continue to study height-depending scaling, triggering and combinations
5. As in LTE, as a baseline, events A3, A4 and A5 can be configured with the configured number of cells (numberofTriggeringCells).



In RAN2#121, the following agreements were made to enhance the measurement report for mobility and interference control:
Agreements:
1. When event H1 or H2 triggers, the content of the measurement report is configurable by the network (i.e. it can contain UAV UEs height, location information and/or RSRP/RSRQ measurement results). FFS whether UAV UE’s height is mandatorily reported and which parameter/IE is used for height reporting. 
2. [bookmark: _Hlk131590702]Joint use of height-dependent condition and RSRP/RSRQ/SINR-based condition for measurement report triggering is supported in NR Rel-18 UAV.   The combination of existing events will be used
3. Height-dependent parameter scaling is not supported as a part of Rel-18 NR
4. Do not extend the Number of triggering cells mechanism to apply to the inter-RAT scenario, i.e. event B1 and B2 triggering
5. Do not restrict the applicability of Number of triggering cells mechanism to FR1 only. In other words, the Number of triggering cells mechanism is applicable to FR1 and FR2 (up to network configuration).  
6. The UE shall not ignore or bypass the Number of triggering cells mechanism, once configured.
7. Do not introduce the use of a “numberOfTriggeringBeams” mechanism.
8. Do not introduce an alternative mechanism to the Number of triggering cells mechanism. 
9. Do not introduce an additional mechanism based on Number of changed cells. 
10. For the purpose of interference control (i.e. for number of trigger cells), do not introduce a prohibit timer mechanism. 
11. Report on leave is not triggered by a cell that was not previously included in the measurement report for the number of triggering cell.  
Another agreement was made for “more than a single config, each for a specific height region” as follows:
[bookmark: OLE_LINK4]Agreements:
1. Support configuring height-dependent more-than-one configurations targeting measurement and measurement reporting enhancement. UE applies corresponding configuration based on the UE height. The proposed solutions should aim at avoiding RAN4 impacts. FFS how this would be configured (i.e. different MO configurations or different parameters. FFS Exact parameters and details.

In RAN2#121bis, the following agreements were made:

Agreements
1. Height-dependent more-than-one configurations is supported on parameter/field level (i.e. different fields/values within the same MO) where different values (or value ranges) of the parameter/field applies to different height or height range.
2. For MO configuration parameters: at least the following will have ability to be configured with height-dependent more-than-one configurations/values, each for a specific height region: SSB-ToMeasure. Details on how to specify is FFS.    FFS on UE behavior on L1 and L3 measurement.  
3.  For MR configuration parameters: at least the following will have ability to be configured with height-dependent more-than-one configurations/values, each for a specific height region: Event A4 threshold and numberoftriggeringcells.  Details on how to specify is FFS (i.e. maybe it can be achieved by combination of events).   
4. When height-dependent more-than-one configurations are provided, UE applies the new value once it moves to new height (or height range) similar to the case of RRC reconfiguration. Need Codes, field descriptions, etc. as in legacy specifications apply
5. If a height-specific value is not explicitly configured for certain height, whether to keep using the value that was used or consider the parameter as released (i.e. parameter/value not applicable at this height) should be looked into case by case, and can be clarified by need code, field description, or procedural text as needed.   FFS details

In RAN2#122, the following agreements were made for enhancements to UAV measurement reports:
Agreements
7. Add height-based list of SSB-ToMeasure with corresponding height ranges and hysteresis in MeasObjectNR.  FFS on the number of height ranges 
8. As a basic principle, if no height-specific SSB-ToMeasure is configured for a specific height region, the legacy behaviour applies.  
9. For UE behavior on L1 and L3 measurement, it is left to UE implementation whether to keep/discard the old samples while UE moves to a new height region with a different SSB-ToMeasure value
10. New event types will be introduced on the combination of event Ax and event Hx, at least for event A4 + event H1/H2. FFS for other event Ax + event H1/H2. FFS on details, e.g. whether to include one height threshold (H1 or H2 threshold) or a height range (both H1 and H2 threshold) in the new event, how to configure height-dependent numberOfTriggeringCells, etc.    This will be applied to all height dependent MR parameters.  
11. Whether UE height is included when UAV specific MR is triggered is configurable by the network.
12. We will use LTE UEheight.

In RAN2#123, the following agreements were made for enhancements to UAV measurement reports:

Agreements:
Measurement reporting
1. New event type is introduced to implement both height-dependent MR configuration and combination of events
2. The new event type includes only one of H1 or H2 thresholds.   A hysteresis for each threshold will be introduced.  A single time to trigger for the event will be introduced. Rapporteur will implement the solution and we can come back next meeting if there are technical issues.  
3. Event combination of H1/H2 with A3, A4, A5 will be support 
4. When the UE moves to a new height region with a different numberOfTriggeringCells value for one configured event, it is up to UE implementation whether the UE keeps the old measurement report or cellstriggeredlist
5. At least 300m above ground level will be supported.  FFS if higher ranges can/need to be considered.  
6. Signalling should allow the network to simultaneously configure height-based event thresholds for the whole range of possible UE heights
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