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Introduction
In RAN2#96 the following agreements have been made concerning measurement reports in NR for RRC_CONNECTED UEs: 
2	Measurement report will contain cell measurements
FFS whether the measurement report contains beams measurements

In RAN2#97 NR meeting in Athens, the following agreement was made.
Agreement:
1	Support reporting of individual beam measurement i.e. that network can configure the UE to report the N best beams. Actual beam result may be reported (as in LTE)
FFS whether it will be possible to report 'beam' based on idle RS (RAN1 issue)

In RAN2#97bis, further progress was made in the measurement report contents via the following agreements.
Agreements
1	In NR, as in LTE, it should be possible to include cell quality (e.g. RSRP and/or RSRQ) in the measurement report.
2	UE can indicate the SS block identifier (terminology to be confirmed by RAN1 LS) of x best beams where x is configurable in measurement reports triggered by the events on SS block. 
FFS whether it is needed for all events. 
FFS how the UE can choose the best beams. 
FFS whether quality of the beams are also reported
FFS whether the same applies for CSI-RS

[bookmark: _Ref462918989]In this paper we further discuss the reporting format for the SS block based measurement reporting. 
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Content of measurement reports for IDLE RS
In NR, it has been agreed that the UE should be able to perform RRM measurement on IDLE RS. According to RAN1 agreements, these will be transmitted in the so called SS Block Sets which will carry the PSS/SSS/PBCH from which it would be possible to identify each cell and SS block (either via an index transmitted in PBCH or in as a separated signal, depending on RAN1 decision). In NR, different SS Blocks can be transmitted in multiple beams but will carry the same cell level identifier. Hence, cell quality should be determined based on these.
In LTE several events can be configured as part of the reportConfigEUTRA. A1-A6 events were defined based on the cell level Intra LTE measurements. The UE would receive L3 filtered RSRP and RSRQ measurements on the serving and neighboring cells for every measurement instance. Both RSRP and RSRQ are part of the reportQuanitity in the reportConfigEUTRA. In LTE it is possible to request the UE to include only RSRP or RSRQ in the measurement report and it is also possible to request to include both. For UEs supporting release-13 and higher in LTE, it is possible to send the measurement report containing RSRP and SINR, RSRQ and SINR. It is also possible to use these quantities to trigger the measurement report. As in LTE, at least cell-level RSRP / RSRQ and SINR should be possibly included in measurement reports. 
In LTE, it is possible to configure the UE to report cell-specific RSRP and/or RSRQ and SINR in the measurement report.
In NR, a UE can be configured to include cell-specific RSRP and/or RSRQ and SINR in the measurement report. 

In LTE, it is possible to control the number of cells to be reported in the measurment report via the parameter maxCellReport. Using this configurable parameter, the network node can request for upto 8 cells to be included in the measurement report. The same should be applicable in NR as well.
 
In LTE, using maxCellReport parameter, the network could control the number of cells to be included in the measurement report by the UE. 
In NR, as in LTE, the number of cells to be included shall be based on the maxCellReport parameter.

In NR, there is additional beam level information available at the UE. It has been decided to include ‘X’ best beams in the measurement report to be sent to the serving cell upon triggering the measurement report based on SS block measurements. However, it has not been decided as to whether the UE will include ‘X’ best beams available from all the cells or whether the UE will report ‘X’ best beams from each of the cell included in the measurement report. The main purpose of including the best beam indexes in the measurement report is to aid the possiblity of including only relevant contention free random access resources in the handover command. Therefore, at least the UE should be capable of including the best beams from the cell whose measurements trigger the measurement report. 

The main purpose of including the SS block indexes in the measurement report is to aid the contention free random access allocation in the target cell.
The UE can include up to ‘X’ best beams from the cell whose measurement triggers the measurement report.

Though, the measurement report triggering responsible cell (in an A3 like event) can have a very high probability of being chosen as the target cell of the handover, there are scenarios wherein the cell that triggered the measurement report and the cell to which the serving cell decides to handover the UE is different. Such scenarios are more often seen in areas with multi-cell overlapping border that are candidates for handover to wrong cell scenarios. To further aid the network in taking the correct decisions in such scenarios, it might be useful to include beam level information about rest of the cells in the measurement report. Therefore, the network should be able to configure the UE to include beam level information of additional cells (cells that are part of the measurement report but did not trigger the measurement report) also. 
There are benefits of including beam level information of the cells that are part of the measurement report though they did not trigger the measurement report.


The UE shall include ‘Y’ best beams for rest of the cells (cells that are part of the measurement report but did not trigger the measurement report). 
It is FFS as to whether ‘Y’ can be same as ‘X’ or if it must be separately configured.

One thing that can be straightforward is that if X and Y are not included in the measurement configuration, the UE can assume their value to be 1. Hence, the following is proposed:
If not configured explicitly, then the default value of X and Y is 1.

It is worth clarifying as to what is meant by ‘best’ beams in the reporting context. The ‘best’ could imply those beams that are above a certain network configured threshold or standardized threshold value (e.g., beams above -120 dBm) or it can be a relative threshold from the strongest beam of the cell (e.g., beams within 10 dBm of the strongest SS block from the cell). As the relative threshold based scheme provides a better understanding of which beams are most likely to cover the current location of the UE, the network could just use the relative threshold based method. Hence, the following is proposed:
The ‘best’ beams refers to the beams that are within a relative threshold from the strongest beam of the cell.

The cell level measurement value generation involves the averaging of ‘N’ best beam level measurements from that cell. This has already been agreed in RAN2#97bis, as follows:
Agreements
1	Averaging is used to derive the cell quality from multiple beams (if number of beams is larger than 1). Details averaging are FFS

The number of beams used for cell value generation and the number of beams to be reported to the network for further usage of contention free random access allocation in the target cell could be different. As the purpose of using N beams is to derive cell level measurements and the purpose of reporting ‘X’ beams is to aid the contention free random access allocation (and possibly aiding SON functions like MRO, CCO etc.), they can be different. Even when only the best beam is used for deriving cell level measurement (N=1), there is an added value in having X to be greater than 1. Therefore, these two configurable parameters needs to be independently configured.

Purpose of N in cell quality derivation and the purpose of X in measurement reporting are not related.
‘Parameter ‘N’ for cell quality derivation and parameter ‘X’ for beam level reporting are different.

The measurement model for cell level and beam level measurements were discussed in RAN2#97bis and are still being looked at. In LTE, cell level measurements were used for multitude of radio network optimization functions like mobility robhustness optimization (MRO), mobility load balancing (MLB), cell coverage and capacity optimization (CCO) etc. In order for the network to understand and optimize the cell coverage, the UE reports of Cell-specific RSRP values were used. In NR, a cell coverage will be dependent on the SS block coverages. A single cell could encompass multiple SS block transmission and each of these SS blocks could have different coverage area depending on the beamformer used and the propagational environments in the bore direction. Therefore, any coverage optimization function running in the network node will benefit in knowing which beam (SS block or CSI-RS) is covering the region of concern with what quality. Hence, we propose the following:

The UE shall include beam level RSRP values in measurement reports.

Also, the network could take further detailed RSRP distribution based handover decisions depending on the handover algorithm’s optimization policy (minimize short stay, minimize handover failure etc.). In order to understand the beam RSRP distribution, either the UE could provide the beam level RSRP values and allow the network to compute mean and variances or the UE by itsef could provide the mean and variances of beam RSRP distribution. Again, the beams to be considered for the distribution calculation could be those that are within a certain relative threshold from the strongest beam from the cell.

Knowing the beam level RSRP distribution aids the network in determining the most suitable handover target cell. 
The UE shall include beam level RSRP value distribution (mean and variance) in the measurement report.
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In this contribution, the following observations were made:
Observation 1	In LTE, it is possible to configure the UE to report cell-specific RSRP and/or RSRQ and SINR in the measurement report.
Observation 2	In LTE, using maxCellReport parameter, the network could control the number of cells to be included in the measurement report by the UE.
Observation 3	The main purpose of including the SS block indexes in the measurement report is to aid the contention free random access allocation in the target cell.
Observation 4	There are benefits of including beam level information of the cells that are part of the measurement report though they did not trigger the measurement report.
Observation 5	Purpose of N in cell quality derivation and the purpose of X in measurement reporting are not related.
Observation 6	Knowing the beam level RSRP distribution aids the network in determining the most suitable handover target cell.

Based on these observations the following has been proposed:
1. In NR, a UE can be configured to include cell-specific RSRP and/or RSRQ and SINR in the measurement report. 
1. In NR, as in LTE, the number of cells to be included shall be based on the maxCellReport parameter.
1. The UE can include up to ‘X’ best beams from the cell whose measurement triggers the measurement report.
1. The UE shall include ‘Y’ best beams for rest of the cells (cells that are part of the measurement report but did not trigger the measurement report). 
1. It is FFS as to whether ‘Y’ can be same as ‘X’ or if it must be separately configured.
1. If not configured explicitly, then the default value of X and Y is 1.
1. The ‘best’ beams refers to the beams that are within a relative threshold from the strongest beam of the cell.
1. ‘Parameter ‘N’ for cell quality derivation and parameter ‘X’ for beam level reporting are different.
1. The UE shall include beam level RSRP values in measurement reports.
1. The UE shall include beam level RSRP value distribution (mean and variance) in the measurement report.
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