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Introduction
At the end of the RAN2 AdHoc NR # 2 meeting, the following email discussion was triggered to capture RRM related agreements in a Text Proposal (TP) to 38.331, including the abovementioned agreement and other ones:
[NR-AH2#xx][NR/RRM] TP on RRM (Ericsson)
	TP in R2-1707289 to be updated based on agreements from this meeting to be used as initial input and then progressed by email.
	Intended outcome: Agreeable TP to be submitted to next meeting
	Deadline:  Thursday 2017-08-03 

Few open issues were identified based on the initial version of the TP and the comments from different companies. One of them is the configuration of the parameter s-Measure. This paper summarizes the usage of the parameter in LTE and highlight some potential differences in NR.
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Configuration of s-Measure for cell level measurements
To reduce the neighbour cell related measurements, the concept of s-Measure was introduced. S-Measure is set by the network and the UE will perform measurements on the neighbouring cells only if the Pcell quality goes below the s-Measure as configured by the network. In LTE, s-Measure was configured as part of the MeasConfig.
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	s-Measure
PCell quality threshold controlling whether or not the UE is required to perform measurements of intra-frequency, inter-frequency and inter-RAT neighbouring cells. Value “0” indicates to disable s-Measure.



Figure 1 : s-Measure related configuration from LTE RRC spec, 36.331
1. In LTE, the UE performs neighbour cell measurements only if the PCell quality is below the configured s-Measure.
1. In LTE, the s-Measure is configured as part of the MeasConfig.
In NR, it has been agreed to use both SS Blocks and CSI-RSs for RRM measurements where these RS Types can be beamformed differently, e.g., SS Blocks transmitted using wide beams while CSI-RS transmitted using narrow beams. Consequently, the number of beams that can be detected and/or measured by the UE to derive cell measurement results could differ depending on the RS-Type being used. This implies that a UE perceives the PCell quality differently depending on whether it is deriving the cell quality based on SS Blocks or CSI-RSs.
1. In NR, the UE perceives the PCell quality differently depending on whether it is deriving the cell quality based on SS Blocks or CSI-RSs.
As there are two RS-Types in NR, one could even say that there can be two different types of PCell quality. Then, a very natural question is which one(s) to use to compare with the s-Measure threshold(s) before neighbour cell measurements shall be triggered. Different possibilities exist and the table below tries to highlight the pros and cons of the different options. 
	Option
	s-Measure configuration and possible UE behaviour 
	Pros and Cons

	–Option-1
	· Single s-Measure configured
· UE performs neighbour cell measurements when the PCell quality as derived either by using SS Blocks or CSI-RSs goes below s-Measure. 
	· Single parameter to be configured by the network.
· UE measurement overhead is high as it measures on neighbour cells even if the PCell quality based on one of the RSs goes below s-Measure (e.g., neighbour SS Blocks are measurement even if serving cell quality as derived from CSI-RS goes below s-Measure). 
· The s-Measure as configured by the serving cell is applicable to both RSs though the perceived cell quality from different RSs can be vastly different, thus restricting the flexible configuration of s-Measure depending on the RS.
· Events may have different RS type while s-Measure can only be based on a single RS.

	–Option-2
	· Single s-Measure configured
· UE performs neighbour SS Block measurements when the PCell quality as derived by using SS Blocks goes below s-Measure.
· UE performs neighbour CSI-RS measurements when the PCell quality as derived by using CSI-RSs goes below s-Measure.
	· Single parameter to be configured by the network.
· UE performs RS-Types specific measurements based on PCell quality RS-Type’s being below s-Measure
· As the same s-Measure will be applicable to both RS-Types but the cell quality as derived from each RS-Type can vary vastly, the configuration will be pessimistic from one RS-Type point of view.

	–Option-3
	· Different s-Measures are configured for different RS-Types (s-Measure(SSB), s-Measure(CSI-RS))
· UE performs neighbour SS Block measurements when the PCell quality as derived by using SS Blocks goes below s-Measure(SSB).
· UE performs neighbour CSI-RS measurements when the PCell quality as derived by using CSI-RSs goes below s-Measure(CSI-RS).
	· s-Measure can be set per RS-Type leading to lesser UE measurement overhead when both RSs are configured for neighbour cells.
· Two parameters to be configured by the network

	Option-4
	· Different s-Measures are configured for different RS-Types (s-Measure(SSB), s-Measure(CSI-RS))
· Different conditions are provided for measurement of neighbour SS Blocks and CSI-RSs.
Perform neighbour cell’s SS Block measurements only if

Perform neighbour cell’s CSI-RS measurements only if


	· Very high degree of control on the network side to initiate only SS Block or CSI-RS related measurements of neighbour cell.
· Potentially least amount of neighbour cell related measurements to be performed by the UE.
· Four parameters to be configured by the network



Table 1: Analysis of impact of having one or more different s-Measures for different RS-Types in NR.
Based on the above analysis, it is clear that option-3 and option-4 seems to provide least UE measurement overhead. It comes with the additional cost of having more parameters instead of one in relation to s-Measure. However, with UEs required to perform both cell level and beam level measurements on SS blocks and CSI-RSs for neighbour cells, having more flexible configuration of S-Measure is beneficial.  
1. Having different s-Measure values for different RS-Types provides the least UE measurement overhead.
1. Having different s-Measure values for different RS-Types, allows the network to optimize the value according to the RS-Type.
Proposal 1. In NR, different s-Measure (s-Measure(SSB), s-Measure(CSI-RS)) values can be configured for different RS-Types.



Beam level measurements
In RAN2#98AH, it was agreed to use the following measurement model in NR.
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Figure 2 : RRM measurement model in NR
Based on the above agreed model, the UE will perform L3 filtering of cell level quantity and also for each of the ‘K’ beam level quantity from the said cell. The purpose of generating the filtered cell level measurements is to use them for evaluating the event triggering criterion and also to report these quantities to the serving cell. The beam level measurements are mainly used for identification of the beams in which the contention free random-access needs to be allocated in the target cell upon a handover and to enable the network to identify which cells have more or less stable beams to possibly minimize the occurrences of ping-pong handovers. The beam level measurements can also be used for handover decision making itself by the serving cell. 
Based on this model, when beam measurements are configured to be included in measurement reports, in addition to what is required for cell level measurements, the UE shall set-up one L3-filter for each detected beam for each detected cell. In other words, more detected cells the UE detects, more L3 filters per beam the UE shall set up.
In principle, considering that a UE could potentially hear many cells and many potential beams from these cells (up to 4/8/64 SS Blocks for sub-3GHz/ 3-6GHz/above-6GHz deployments), the number of L3 filters for beam level measurements that the UE needs to perform could be very large. In addition to that, complex operations might be required when some beams come and go, the number of detected beams change for different sample intervals, etc. That is not only complex but also requires quite some memory.
As mentioned previously, the beam level measurements are used only in the measurement reporting and not for event triggering criterion evaluation. Hence, they will be mostly used (at least during the event triggered measurement reporting) as part of the reporting along with the cell level measurements when the cell level measurements have triggered the measurement reporting. The main usage of these beam level measurements is in allocating contention free random access in the target cell and possibly for some further SON functions related to coverage and capacity optimization. Therefore, it can be useful from the UE point of view to initiate the beam level measurements computation (setting up on L3 beam filters) only when the neighbour cell level measurements are being performed.
Observation 6 The beam level measurements computation (setting up on L3 beam filters) is needed only when the neighbour cell level measurements are being performed i.e., the serving cell is below the s-Measure as configured by the network.
Also, the cells that will be included in the measurement report can be up to ‘MaxReportCells’. The main reason for including the beam level measurements in the measurement report is to aid the target cell in allocating the CFRA (Contention Free Random Access) in the target cell upon handover initiation. Ideally, tracking the beams of the cell that is considered to be the target cell in the handover decision suffices. However, the UE is unaware of the cell to which the network could handover the UE to. As the network relies on the cell level information in the measurement report to choose the target cell for the handover, it makes sense to include beam level information of only those cells. Ideally, the beam level related L3 filtering needs to be set up by the UE towards only those cells who are probable to be included in the measurement report and at only those time instances when the measurement report needs to be sent. Therefore, the beam level measurements can be set up only for those cells whose measurements are within the neighbourhood of triggering the measurement reporting event. 
Observation 7 The beam level measurements computation (setting up on L3 beam filters) is needed only when a cell level measurements is close to satisfying the event triggering criterion.
This can be explained using the simple illustration of cell and beam level measurements below. In the example shown, A3 event is shown wherein the neighbour cell (cell-A shown in orange colour) becomes better than the serving cell over time and causes A3 event to be triggered. At time=T1, the PCell quality drops below the s-Measure and the neighbour cell level measurements are triggered. At time=T2, the RSRP of neighbour cell, cell-A, is measured to be within ‘Y’ dB of the serving cell. The value of ‘Y’ dB could be configured as a relative offset to the event triggering criterion. At this stage, the UE shall set-up the L3 filtering for the beams from the cell-A. It is worth noting that the UE need not set-up beam level filtering for all the neighbouring cells. At time=T3, the A3 event triggering criterion is satisfied by the cell-A and a measurement report is sent by the UE involving cell and beam related measurements. By performing this procedure for beam level measurements, the UE can set-up the beam level filtering only towards the relevant cell at the relevant time. 
   
s-Measure
time
T1: Trigger neighbour cell measurements
T2: Set-up beam level L3 filtering of neighbor cell A’s beams. 
Cell-A within ‘Y’ dB of serving cell 
Cell-A better than serving cell by A3 offset+CIO
T3: Trigger A3 event and report both cell level and beam level measurements 

Figure 3 : How to set-up beam level filtering, using A3 event as an example
Observation 8 By performing beam level filtering only for those cells whose cell level measurements are close to satisfying the event triggering criterion, the UE shall perform the beam level measurements towards relevant cells and at relevant times only.
Proposal 2. UE performs beam level filtering for the beams of only those cells whose cell level measurements are within a threshold (Y dB) of the serving cell.
Conclusion
In the previous section, the following has been observed:

1. In LTE, the UE performs neighbour cell measurements only if the PCell quality is below the configured s-Measure.
1. In LTE, the s-Measure is configured as part of the MeasConfig.
1. In NR, the UE perceives the PCell quality differently depending on whether it is deriving the cell quality based on SS Blocks or CSI-RSs.
1. Having different s-Measure values for different RS-Types provides the least UE measurement overhead.
1. Having different s-Measure values for different RS-Types, allows the network to optimize the value according to the RS-Type.
Observation 9 The beam level measurements computation (setting up on L3 beam filters) is needed only when the neighbour cell level measurements are being performed i.e., the serving cell is below the s-Measure as configured by the network.
Observation 10 The beam level measurements computation (setting up on L3 beam filters) is needed only when a cell level measurements is close to satisfying the event triggering criterion.
Observation 11 By performing beam level filtering only for those cells whose cell level measurements are close to satisfying the event triggering criterion, the UE shall perform the beam level measurements towards relevant cells and at relevant times only.
Based on these observations, we have proposed the following:

Proposal 1. In NR, different s-Measure (s-Measure(SSB), s-Measure(CSI-RS)) values can be configured for different RS-Types.
Proposal 2. UE performs beam level filtering for the beams of only those cells whose cell level measurements are within a threshold (Y dB) of the serving cell.
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