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Introduction
An email discussion has been triggered in the last meeting concerning the content of measurement reports. Although some consensus seemed to be reached for some aspects, there are still some remaining open issues such as: 
· The reporting of measurements associated to non-triggered cells;
· The reporting of beam-level measurements (or indications) associated to non-triggered cells; 
· The criteria to select beams to be reported e.g. for triggered and/or non-triggered cells
In this contribution, we discuss these remaining open issues from that email discussion that can be hopefully further clarified.
[bookmark: _Ref178064866]Discussion
[bookmark: _Hlk484691775]Cell level information in measurement reporting
Measurement quantities representing cell level information
In LTE, RSRP and RSRQ have been defined in the first release. Main purpose was to have a metric related to signal strength and another one related to the quality i.e. taking interference aspects into account. In Release-13, SINR has been included as another metric to be measured by the UE because a SINR based reporting better reflects the expected throughput. This is due to the fact that RSRQ was more prone to the serving cell load changes and hence not the ideal metric to reflect the achievable throughput for the UE.  
For NR, during RAN2#97bis it has been agreed that cell level quality (e.g. RSRP and/or RSRQ) can be measured based on at least SS and it is an FFS whether the same can be reported for CSI-RS based measurements or not.
In the email discussion it was asked whether cell measurement result of RSRP, RSRQ and/ or SINR could be included in the measurement report and whether they are configurable by the network. In our view, the support for having RSRP, RSRQ and SINR measurement quantities should be requested to RAN1. Another aspect to request RAN1, for each of these quantities, is whether they are supported each of these can be derived from SS and/or CSI-RS. 
Although we think this should be clarified with RAN1, RAN2 can anyway progress and assume that, from an RRC perspective. As in LTE, the network should be able to select one of the available quantities for reporting triggering and, independently, the quantity(ies) to be included in the measurement reporting. Hence, the following is proposed:
As in LTE, the network should be able to independently select the trigger quantity and the report quantity.
Send an LS to RAN1/RAN4 requesting whether the same LTE measurement quantities are supported (RSRP, RSRQ and SINR) and whether they can be computed based on SS and/or CSI-RS in connected mode. 

[bookmark: _Ref485132151]Cells to be included in the measurement report
In LTE, the parameter maxReportCells is defined as the maximum number of cells, excluding the serving cell, to include in the measurement report concerning CRS, and maximum number of CSI-RS resources to include in the measurement report concerning CSI-RS.. In the email discussion, almost all companies agreed that as in LTE the same parameter is supported. Though it is not explicitly stated in the email discussions, it would be beneficial to clarify that this cap excludes the serving cells.
As in LTE, maxReportCells is defined as the maximum number of reporting cells but excluding the serving cells i.e. PCell, configured SCells and best neighbour cells per serving frequency.
In LTE, there is the concept of serving cells. According to 36.331, section 5.5., the UE should perform measurements at least on PCell and configured SCells (SCells are not reported only if the purpose of the triggered reporting is reportLocation). In addition, these measurements should also be included when measurement reports are triggered. Since LTE is assumed as baseline for the reporting framework, the same should also be supported in NR, hence the following is proposed:
As in LTE, UE should perform measurements for PCell and configured SCells.
As in LTE, UE should include PCell measurements and configured SCell measurements.
In LTE, neighbour cells can also be measured and reported for the configured measurement Object IDs, if configured by network (if the reportConfig associated with the measId that triggered the measurement reporting includes reportAddNeighMeas). In our view the same solution should be adopted in NR. In that case, if configured, the UE should include in measurement reports the neighbour Scells in the serving frequencies. Such a reporting includes only the best non-serving cell on the concerned serving frequency. However, it should be noted that the so reported best neighbour cell of the serving frequency is not from the frequency where the measurements resulted in triggering the measurement report. 
As in LTE, Network should be able to configure the UE to perform neighbour cell measurements in serving frequencies.
As in LTE, if the UE is configured to perform neighbour cell measurements, the UE should include in measurement reports the best neighbour SCell in the serving frequency(ies).

In LTE, the concept of blackList cells has existed since Rel-8. According to the RRC specifications the listed cells should not be considered applicable if detected. In other words, if a UE detects a neighbour cell that belongs to the blacklist, that cell should not be considered for event triggering evaluation. Concerning measurement reporting, in particular, these cells are also not required to be reported.  In our view, and based on the response from many companies to the email discussion, the same concept should be adopted in NR and the following is proposed: 
As in LTE, network can configure the UE with a blackList so the cells from such a list cannot be used for event triggering evaluation and are not required to be included in measurement reports.

In LTE, in Rel-13, the concept of whitelist was introduced. Cells in whitelistcells are eligible to be included in measurement reports since they can be “applicable” cells i.e. potentially triggered cells. Using the useWhiteCellList IE in the report configuration, the network can indicate whether only white-list cells as configured in measurement object are applicable. This does not mean that the UE “should” necessarily include all whitelist cells that were detected and measured.
if useWhiteCellList is set to TRUE:
6>	consider any neighbouring cell detected on the associated frequency to be applicable when the concerned cell is included in the whiteCellsToAddModList defined within the VarMeasConfig for this measId;
5>	else:
6>	consider any neighbouring cell detected on the associated frequency to be applicable when the concerned cell is not included in the blackCellsToAddModList defined within the VarMeasConfig for this measId;


As in LTE, cells in the whitelist can be applicable cells i.e. eligible to trigger measurement evets. And, if they also belong to the triggered cells, they should be included in measurement reports.

One of the issues in the email discussion that companies expressed quite different views concern the inclusion of non-triggered cells in measurement reports. In our view, one needs to first clarify what an non-triggered cell is, since that definition does not explicitly exists in LTE. In our interpretation, these would be cells which are not serving cells (i.e. not PCell and not configured Scells) and/or not the best neighbour SCell in the serving frequency. These are also not the neighbour cells whose events have been triggered. 

Inspired on existing LTE definition in 36.331 one could interpret non-triggered cells as the ones whose measurements are available but they have not triggered events at a given instant in time.
In the email discussion a distinction is made between the cells whose TTT has triggered and those whose TTT has expired. A plausible interpretation is that the quality of that cell was sufficient to trigger a configured event for a given measurement object, reporting configuration and measurement ID, however, the time to trigger has not yet expired. In our view, when the UE is performing measurements the UE cannot make a distinction between triggered and non-triggered cells. If CA is configured, depending on the number of supported carriers and the number of configured carriers, the UE could be reporting a significant amount of cells. Hence, in some scenarios, it may be beneficial to configure the UE to include the report of non-triggered cells whose measurements are available although some priority should be given to triggered cells. 
As in LTE, network should be able to configure the UE to report non-triggered cells. FFS how triggered cells should be prioritized. 

Beam level information in measurement reporting
Measurement quantities representing beam level information
The reporting of beam indication has been agreed in a previous meeting, RAN2#97bis, in Spokane. The agreement is the following:
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.

One of the main arguments at that time to support beam identifier reporting was the possibility to enable the target cell to allocate contention-free resources for an incoming UE, by knowing the most likely beam(s) the UE will access. In order to ensure that the beam level information as reported by the UE is not impacted by the fast fading as experienced by the UE, in the last meeting, companies have agreed that:
There is an additional configurable filter per beam of the beam level measurements output from the L1 filter for the purpose of reporting beam measurement results in RRC measurement reports.

Hence, the only remaining questions relates to beam reporting configuration and the type of cells for which the UE shall be reporting beam level information, as properly addressed by the rapporteur of email discussion [98#32][NR] Measurement report content (Intel).
In LTE, as explained in2.1.2, the number of cells and types to be reported has a capacity limit, which indicates that overhead in measurement reporting is a valid concern. The measurement report size reduction would be preferred as the time of sending the measurement report might be at the cell border which could be vulnerable for large RRC message transmissions/receptions. To solve that problem the network is able to configure which cells (for example, only cells in the TriggeredCellsList for event triggered measurement reports) and how many cells (as configured via maxReportCells IE) should be reported. However, it should be noted that when the eventTriggerType is set to periodical the UE shall include the applicable cells but still the maxReportCells limit applies to the maximum number of cells to be reported by the UE in the measurement report. This information could be used by the network to build up the detailed coverage map which in turn could be used by many optimization functions.   
In our view measurement report size is an equally valid concern in NR. Hence, having the previous agreements in mind, while the indication of beams is sufficient to enable efficient contention-free access in potential target cells, measurements may also be useful to optimize ping-pong handover vs. handover failures e.g. prioritizing cells with a higher number of beams even though cell quality has to certain extent a similar order of magnitude. Also, the beam level RSRP reporting will help the network to aid with coverage map build up and also possibly choosing the correct cell for the handover purposes. Therefore, the beam level reporting can be seen with different granularities and each granularity has an added advantage that enables better network operation.
	Beam level reporting quantity
	Advantages
	Disadvantages

	Best ‘X’ beam indexes for the cells included in the measurement report
	Least overhead in terms of beam level reporting. 
Aids in contention free random-access allocation in the target 
	Not possible to further evaluate the correct HO candidate based on the measurement report.
Not possible for the network to build up the coverage map that aids most of the optimization functions. 

	(Best ‘X’ beam indexes + number of good (within a relative threshold of the best beam) beams) for the cells included in the measurement report 
	Aids in contention free random-access allocation in the target.
Aids in possible HO candidate optimization based on the number of good beams.
Just one ‘integer’ overhead compared to sending only best ‘X’ beam indices
	Not possible for the network to build up the coverage map that aids most of the optimization functions.

	(Best ‘X’ beam indexes + Beam level RSRP based statistics like mean and variance of BRSRP distribution) for the cells included in the measurement report
	Aids in contention free random-access allocation in the target.
Aids in possible HO candidate optimization based on the number of good beams.
Two integers (assuming mean and variance can be compressed quantized values) overhead only per cell to be reported.

	Not possible for the network to build up the coverage map that aids most of the optimization functions.

	(Best ‘X’ beam indexes + their RSRP values) for the cells included in the measurement report
	Aids in contention free random-access allocation in the target.
Aids in possible HO candidate optimization based on the number of good beams.
Possible for the network to build up the coverage map that aids most of the optimization functions.
	Assuming 7 bits per RSRP value (based on LTE RSRP range) of beams, larger overhead of measurement report size,  



Based on the above analysis of different flavors of beam level measurement reporting, network should be able to decide which metric is the most appropriated and reported by the UE. 

The overhead of measurement reporting was a valid concern in LTE and should be a valid concern in NR.
Network should be able to configure the UE to either report beam indications or beam measurement quantities (e.g. RSRP).
In LTE, the reporting quantity can be configured to include either the cell level RSRP only or the cell level RSRQ only or both or cell level SINR. The purpose of including the cell level measurements could be different from the purpose of including the beam level measurements in the measurement report. For example, cell level measurement quantity is configured to RSRP so that the serving cell could use them for optimizing the handover border for the future UEs and the beam level measurement quantity could be configured to SINR so that the target cell could allocate CFRA only in those beams where the SINR is most optimal. Therefore, it should be possible to configure different ReportQuantity for cell level measurements and beam level measurements.
Network should be able to configure the UE with different reportQuanity for cell level measurements and beam level measurements.
  
Beams to be included in the measurement report
In NR, as mentioned before, 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 (for example the target cell might be chosen as the one for which the TTT is still running). 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.
In the cases wherein one would like to further reduce the number of beams to be reported per cell dynamically (as perceived by the UE’s radio conditions), the network could configure a relative threshold (from the best beam measurement of the reported cell) that the UE considers to check which beams to be included in the measurement report. This will further reduce the probability of including beam level measurements which are not useful for the network. 
It is FFS as to whether there is any relative threshold from the best beam measurement of a cell which should be considered for limiting the number of beams to be reported for that cell.
During the e-mail discussion, it was discussed that if the UE could use the same number of beams that are used for cell quality derivation into the measurement reporting as well. However, one needs to first understand the role of these parameters. This is explained below. As can be seen, there is no relation between the purpose of number of beams to be used for cell quality derivation and number of beams to be included in the measurement report. Hence, we propose to consider these two parameter separately.
	Number of beams (N) to be used for cell quality derivation
	Number of beams (X) to be included in the measurement report per cell

	· This parameter was introduced in the discussions for NR as it was perceived that the handover performed based on the single beam level measurements in unstable. N beam level measurements are averaged to derive a cell level quality instead of taking the best beam of all the beams from a cell. 
· This parameter was introduced to reduce the possible increase in ping-pong handovers if only the best beam from a cell is used for cell quality derivation.
· (under the assumption that there is a relation between the beam level quality averaging and ping-pong handover probability) If ping-pong handover is not perceived as a problem by the network, N can be configured as one.
	· The purpose of this parameter is to indicate to the UE about the number of beams to be included in the measurement report. These beam identities are informed to the target cell so that the contention free random access allocation is possible.
· Allocation of CFRA will increase the probability of successful accessing of the target cell upon reception of the handover command y the UE.
· Even when N is configured as one, there is a need for the network to know beam level information from the UE i.e. X needs to be larger than 1.


  
Number of beams to be used for cell quality derivation (N) and the number of beams per cell to be included in the measurement report (X) are independently configured.
The beam level information of the neighboring cell is mostly useful in the handover procedure. It should be noted that, purely for the handover purposes the serving cell’s beam level information is not needed. However, the measurement reporting is used not just for the handover purposes, for eample, Event-A2 can be used for triggering the inter-RAT/Carrier measurements. In such a case, the serving cell might use the information about the UE’s current perceived best SS block/CSI-RS beam for choosing which frequencies/RATs do the UE need to measure. Also, the PCell beam level measurement report information could be used to build the coverage map of the serving cell and beams, thus enabling a platform for plethora of SON functions. Therefore, it is necessary to include serving cell beam level information, however it needs to be further studied as to which events needs to include the serving cell’s beam level reporting.   
Serving cell’s beam level measurement reporting is also supported in NR. It is FFS as to which events needs to support the serving cell’s beam level measurement reporting.

Measurement report contents for SS block measurements vs CSI-RS measurements 
In the email discussions, it was discussed if the measurement report contents will be the same for CSI-RS based measurements just like the SS block based measurement reports. In our view, one could apply all the above mentioned proposals to both SS block based measurements and CSI-RS based measurements. However, based on the final decisions on CSI-RS design in RAN1, there could be some further implications on the contents of the CSI-RS based measurement reports. Also, in case any new event is supported for CSI-RS measurements, then the contents of the measurement report for such an event could be revisited. Therefore, we propose to discuss any different between the SS block based measurements reporting contents and the CSI-RS based measurements reporting contents after the finalization of RAN1 design of CSI-RS and the identification of any new events to be configured.   
Conclusion
In section 2 we made the following observations:
1. Inspired on existing LTE definition in 36.331 one could interpret non-triggered cells as the ones whose measurements are available but they have not triggered events at a given instant in time.
The overhead of measurement reporting was a valid concern in LTE and should be a valid concern in NR.
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.
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.

Based on the discussion in section 2 we propose the following:
1. As in LTE, the network should be able to independently select the trigger quantity and the report quantity.
Send an LS to RAN1 requesting whether the same LTE measurement quantities are supported (RSRP, RSRQ and SINR) and whether they can be computed based on SS and/or CSI-RS in connected mode. 
As in LTE, maxReportCells is defined as the maximum number of reporting cells but excluding the serving cells i.e. PCell, configured SCells and best neighbour cells per serving frequency.
As in LTE, UE should perform measurements for PCell and configured SCells.
As in LTE, UE should include PCell measurements and configured SCell measurements.
As in LTE, Network should be able to configure the UE to perform neighbour cell measurements in serving frequencies.
As in LTE, if the UE is configured to perform neighbour cell measurements, the UE should include in measurement reports the best neighbour SCell in the serving frequency(ies).
As in LTE, network can configure the UE with a blackList so the cells from such a list cannot be used for event triggering evalution and are not required to be included in measurement reports.
As in LTE, cells in the whitelist can be applicable cells i.e. eligible to trigger measurement evets. And, if they also belong to the triggered cells, they should be included in measurement reports.
As in LTE, network should be able to configure the UE to report non-triggered cells. FFS how triggered cells should be prioritized. 
Network should be able to configure the UE to either report beam indications or beam measurement quantities (e.g. RSRP).
Network should be able to configure the UE with different reportQuanity for cell level measurements and beam level measurements.
The UE can include up to ‘X’ best beams from the cell whose measurement triggers 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.
It is FFS as to whether there is any relative threshold from the best beam measurement of a cell which should be considered for limiting the number of beams to be reported for that cell.
Number of beams to be used for cell quality derivation (N) and the number of beams per cell to be included in the measurement report (X) are independently configured.
Serving cell’s beam level measurement reporting is also supported in NR. It is FFS as to which events needs to support the serving cell’s beam level measurement reporting.
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