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Introduction
In RAN2#105 meeting [1], it was agreed to include MDT for NR and some of the measurements to be included as part of the MDT contents are also agreed.  

[bookmark: _Hlk3808102]Agreements:
1	For Immediate MDT, the measurement quantities should consider both cell-level RSRP/RSRQ/SINR and BRSRP/BRSRQ/BSINR. The details about BRSRP/BRSRQ/BSINR for the serving cell and neighbour cells can be further studied.
2	From RAN2 perspective both Management-based MDT & signaling-based MDT can be either Logged MDT or Immediate MDT.
3	For Signaling-based MDT in NR, the user consent is required as in LTE.

As part of the agreements, it was kept as FFS as to whether the beam level measurements are included in the logged MDT and whether beam level measurements of serving cells are also included in the measurement report or not.FFS:	For Logged MDT, the beam-level RSRP/RSRQ should be included in the measurement logging together with cell-level RSRP/RSRQ. The details about the number of BRSRP/BRSRQ values for the serving cell and neighbour cells can be further studied.


In this contribution, we discuss the beam level measurements in detail for both logged and immediate MDT.  
[bookmark: _Ref178064866]Discussion
M1 measurement in LTE
As part of the Immediate MDT in LTE, different measurements are included. One of the measurements that is included in the MDT report is associated to RSRP and RSRQ measurements by the UE and this is classified as ‘M1 measurement’.
-	M1: RSRP and RSRQ measurement by UE.
Further, the network can collect this measurement as part of the normal RRM configurations and/or as part of the MDT specific configurations. Measurement collection triggers for the M1 measurement is given below. 
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]-	Event-triggered measurement reports according to existing RRM configuration for events A1, A2, A3, A4, A5 A6, B1 or B2
-	Periodic, A2 event-triggered, or A2 event triggered periodic measurement report according to MDT specific measurement configuration. As part of this measurement reporting configuration, OAM will provide the interval and the report amount along with A2 event threshold and the A2 event triggering quantity (RSRP or RSRQ).
1. [bookmark: _Toc3825686][bookmark: _Toc3970861][bookmark: _Toc4480460]The RSRP and RSRQ are reported as part of MDT in LTE based on existing RRM configurations for events (A1-A6, B1-B2) and/or periodic reporting configurations and/or MDT specific A2 event configurations.

As part of the measurement reporting in LTE for any of the A events and/or B events, the UE reports the following parameters (amongst other things).
1) Measurement ID associated to the measurement report
2) Serving cell RSRP and RSRQ measurements
3) Best neighbor cell RSRP and RSRQ measurements on serving frequencies, if reportAddNeighMeas is configured.
4) Measurements associated to the cell(s) that triggered the measurement report
5) Location information
6) Bluetooth beacon RSSI measurements if includeBT-Meas is configured
7)  WLAN APs RSSI measurements if includeWLAN-Meas is configured

1. [bookmark: _Toc3825687][bookmark: _Toc3970862][bookmark: _Toc4480461]As part of the RRM measurement report, the UE includes RSRP and RSRQ measurements associated to each of its serving cells and possibly of the best cell on serving frequencies.
[bookmark: _Ref3821120]NR RRM measurement reporting
As part of the NR RRM measurements, LTE was taken as the baseline. As part of this baseline for reporting configurations, each of A1-A6 and B1-B2 measurements were included in NR. 

1. [bookmark: _Toc3825688][bookmark: _Toc3970863][bookmark: _Toc4480462]Like LTE, A1-A6 and B1-B2 measurement are included.

One of the main reporting enhancements in NR is to include beam level measurements. Both cell and beam level measurements are included for one or more of RSRP, RSRQ and SINR measurement quantities. The main reason for including the beam level measurements is to aid the network in making either the handover decisions in an optimal way or for improved contention free random access (CFRA) allocations. Therefore, it was agreed that the network can configure the UE to include/exclude beam based measurements as part of the measurement report. In addition to BRSRP, BRSRQ and BSINR values, it is also possible to just indicate the beam index values as part of the beam level report.

1. [bookmark: _Toc3825689][bookmark: _Toc3970864][bookmark: _Toc4480463]Beam level measurements are included in the measurement report and the UE can report one or more of BRSRP, BRSRQ and SINR measurement quantities.
1. [bookmark: _Toc3825690][bookmark: _Toc3970865][bookmark: _Toc4480464]It is also possible to just report the beam index values and no measurement quantities.
Beam level measurements for Immediate MDT 
It is already agreed that BRSRP/BRSRQ/BSINR will be included in the MDT related measurement report. It is still an open issues as to whether the serving cells’ beam measurements, the best neighbor cell in serving frequencies’ beam measurements and also the beam measurements of the cell(s) that triggered the measurement report (cells in triggeredCellsList in case of event triggered reporting) are also included in the MDT report. 

As the measurement report sent by the UE already includes the beam level measurements for all the cells included in the measurement report, we do not see any reason why these measurements should not be included in the MDT report sent to the TCE.  The beam level information of serving cell measurements provide an indication of the beam level coverage of the serving cells in the location where the measurement report is triggered. The beams of the best neighbor cells in the serving frequencies provide an indication of the which neighbor beam might provide the coverage (or is acting as the interferer) in the serving frequencies and resulting in a different event configuration possibility for the future. The beam level information of the cells that triggered the measurement report aids in including the handover decisions and the CFRA allocations. 

1. [bookmark: _Toc3825697][bookmark: _Toc3970871][bookmark: _Toc4480470][bookmark: _Toc4480507]Beam level measurements of serving cells, best cells on the serving frequencies and the cells that triggered the measurement report are included in the MDT report.

As mentioned in section 2.2, it is possible to include just the beam index without including any measurement quantities as part of the measurement report. The current agreements do not capture this possibility and we propose to also include the possibility to include just beam index based reporting also.

1. [bookmark: _Toc3825698][bookmark: _Toc3970872][bookmark: _Toc4480471][bookmark: _Toc4480508]‘Beam index only’ related beam reporting is also included in the MDT report.
Beam level measurements for Logged MDT
In case of logged MDT, the UE performs camped cell and neighbor cell RSRP and RSRQ measurements (other measurements like Bluetooth and WLAN RSSI measurements are not mentioned here as we just highlight those measurements that have an impact related to beam level measurements of NR) in LTE.

1. [bookmark: _Toc1046623][bookmark: _Toc3216784][bookmark: _Toc3267457][bookmark: _Toc3825692][bookmark: _Toc3970866][bookmark: _Toc4480465]The UE measures and reports RSRP and RSRQ of the camped cell and the neighbor cells (intra-RAT and inter-RAT) in LTE.

The UE in NR is expected to perform RSRP and RSRQ related measurements. When the UE performs SSB based measurements in idle/inactive state of NR, the UE anyway must perform beam level measurements and then combine these beam level measurements in to a single cell level measurement. Also, the UE needs to know the beam ID to perform RACH procedure if the UE needs to transit to connected mode. 

1. [bookmark: _Toc3825693][bookmark: _Toc3970867][bookmark: _Toc4480466] A NR Idle/Inactive UE anyway performs beam level RSRP and RSRQ measurements.

Since MDT measurements are useful for the coverage and capacity optimization and especially in case of logged MDT, they are very useful for coverage understanding and enhancement, knowing the beam level coverage and UE distribution helps the CCO SON function. The beam level information to be collected in idle/inactive can be looked at different granularities.

1) Beam index only of the camped cell: 
By logging the best beam index in the idle/inactive mode for the camped cell, the network gets to know the idle mode UE distribution amongst different beams of the camped cell in the coverage area. This could be mainly used for RACH optimization. Also, CCO functions related to antenna parameter tuning functions could also benefit from this when the network wants to change the beam directions or tilt in such a way that the idle mode UE distribution is balanced amongst the beams.
2) Beam index only the camped cell and neighbor NR cells:
By logging the best beam index in the idle/inactive mode for the camped cell and the neighboring NR cells, the network gets to know the idle mode UE distribution amongst different beams and the coverage overlap aspects amongst different neighbor beams. This could be also be used for RACH and CCO like SON functions.
3) Best beam index and measurement quantities (best beam RSRP and RSRQ) of the camped cell:
In addition to the benefits of ‘beam index only’ reporting, the RSRP based reporting provides a detailed information of the coverage map of the beams of the camped cell.
4) Best beam index and measurement quantities (best beam RSRP and RSRQ) of the camped cell and the neighbor NR cells: 
In addition to the benefits of ‘camped cell only’ reporting of beam RSRPs, reporting of neighbor beam RSRP information can be used for CCO and MRO like functions.
5) Multiple beams’ indices and measurement quantities (best beam RSRP and RSRQ) of the camped cell: 
Multiple beam level RSRP/RSRQ measurements provide a clear indication of the beam relation amongst the beams of the camped cell and thus aid the network to perform antenna parameter optimization (beam pair optimization/shaping) for coverage and/or capacity reasons.
6) Multiple beams’ indices and measurement quantities (best beam RSRP and RSRQ) of both camped cell and neighbor NR cells: 
Having neighbor cells’ beam level measurement enables the inter-cell CCO functionalities like multi-cell beam shaping functions.

1. [bookmark: _Toc3825694][bookmark: _Toc3970868][bookmark: _Toc4480467]Reporting of beam index of camped call and neighbor cells enables very basic coverage analysis and possibly basic coverage/capacity optimization functions.
1. [bookmark: _Toc3825695][bookmark: _Toc3970869][bookmark: _Toc4480468]Having the best beam level measurement quantities enables the network to create coverage maps and have coverage overlay analysis in terms of interference heavy and interference free regions.
1. [bookmark: _Toc3825696][bookmark: _Toc3970870][bookmark: _Toc4480469]Having up to top ‘X’ beams’ measurement quantities from camped cell and neighbor cell enables the network to perform CCO functions like multi cell beam shaping optimization.

Based on the above observations, it is clear that depending on the type of coverage analysis that the OAM needs to perform, different granularity of beam level information can be included in the measurement report. By including multiple beam related measurements per cell, the amount of information stored per sampling of a logged measurement increases. Therefore, as a minimum viable option, the UE shall at least include the best beam index and the best beam RSRP/RSRQ of the camped cell. 

1. [bookmark: _Toc4480472][bookmark: _Toc4480509]Include the beam index and the measurement quantity (RSRP/RSRQ) of the strongest beam of the camped cell in the logged measurements of MDT report.

In addition, the network can indicate the UE to include additional ‘X’ strongest beams of the camped cell and also the neighbor cells. The value of ‘X’ can be discussed further (whether the same value applies to both camped cell and the neighbor cell or different values can be configured for camped cell and the neighbor cells). 

1. [bookmark: _Toc1046624][bookmark: _Toc1059611][bookmark: _Toc1061181][bookmark: _Toc1062132][bookmark: _Toc3216785][bookmark: _Toc3267461][bookmark: _Toc3825700][bookmark: _Toc3970873][bookmark: _Toc4480473][bookmark: _Toc4480510]It is FFS if the logged MDT configuration can include request to include up to ‘X’ strongest beam indices and beam measurement quantities in the logged MDT report.
Conclusion
In section 2 we made the following observations:
Observation 1	The RSRP and RSRQ are reported as part of MDT in LTE based on existing RRM configurations for events (A1-A6, B1-B2) and/or periodic reporting configurations and/or MDT specific A2 event configurations.
Observation 2	As part of the RRM measurement report, the UE includes RSRP and RSRQ measurements associated to each of its serving cells and possibly of the best cell on serving frequencies.
Observation 3	Like LTE, A1-A6 and B1-B2 measurement are included.
Observation 4	Beam level measurements are included in the measurement report and the UE can report one or more of BRSRP, BRSRQ and SINR measurement quantities.
Observation 5	It is also possible to just report the beam index values and no measurement quantities.
Observation 6	The UE measures and reports RSRP and RSRQ of the camped cell and the neighbor cells (intra-RAT and inter-RAT) in LTE.
Observation 7	A NR Idle/Inactive UE anyway performs beam level RSRP and RSRQ measurements.
Observation 8	Reporting of beam index of camped call and neighbor cells enables very basic coverage analysis and possibly basic coverage/capacity optimization functions.
Observation 9	Having the best beam level measurement quantities enables the network to create coverage maps and have coverage overlay analysis in terms of interference heavy and interference free regions.
Observation 10	Having up to top ‘X’ beams’ measurement quantities from camped cell and neighbor cell enables the network to perform CCO functions like multi cell beam shaping optimization.

Based on the discussion in section 2 we propose the following:

Proposal 1	Beam level measurements of serving cells, best cells on the serving frequencies and the cells that triggered the measurement report are included in the MDT report.
Proposal 2	‘Beam index only’ related beam reporting is also included in the MDT report.
Proposal 3	Include the beam index and the measurement quantity (RSRP/RSRQ) of the strongest beam of the camped cell in the logged measurements of MDT report.
Proposal 4	It is FFS if the logged MDT configuration can include request to report up to ‘X’ strongest beam indices and beam measurement quantities in the logged MDT report.
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