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Introduction
In RAN2#97, the following agreement was made [1]:
Agreement
1	Cell quality can be derived from N best beams where value of N can be configured to 1 or more than 1. 
FFS: Details of filtering to be applied
FFS: How the quality of the serving cell is determined (e.g. from serving beam only or cell quality)
FFS: Whether the agreement applies to both additional RS and idle RS.
FFS: Whether to only consider beams above a threshold ('good' beams)

The agreement indicates that in deployments where beamforming is used, a single cell-level quality value (e.g. RSRP) will be determined for RRM measurements, based on measurement results from a configurable number of beams per carrier frequency. This implies an additional step in NR compared to the LTE measurement model, since individual beam measurements might have to be combined to a single cell quality value.
In this paper we discuss how the quality of the serving cell should be determined (e.g. from serving beam only or cell quality) and present simulation results. In a companion contribution we discuss the details of the NR measurement model and propose how cell quality derivation and filtering should be performed at UE [2].
[bookmark: _Ref178064866]Discussion
For taking the decision if a handover should be executed, the quality of the serving cell has to be compared to that of neighbour cells. A priori it is not obvious that the quality of the serving cell should be derived in the same way as that of the potential target cells. This is because the situation is inherently asymmetric: For a potential target cell with more than one beam, it is uncertain which of these beams will serve the UE after a handover is completed and the UE is attached to the target. It might thus be advantageous to consider several potential serving beams in determining the cell quality of that cell. (See [2] for a more detailed discussion on measurement model and cell quality derivation.) For the serving node, on the other hand, the cell quality can be determined by either the serving beam or a cell-level quality based on multiple beams, e.g., ‘N best beams’. The UE is expected to be served by one source beam at a time, however, it is also likely that the serving beam of the UE may be switched to a different source beam by the network over time as the ‘best source beam’ detected by UE changes. On one hand, it is true that UE is served by one source beam (i.e., possibly the ‘best beam’) at a time. On the other hand, it is unclear how frequently the source node will switch the UE to a different serving beam as long as the UE stays attached to the source. Figure 1 illustrates this situation.
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Figure 1: A UE with its serving beam moving towards several potential target cells.
In this paper, we study the following three different options for the comparison of serving and target cell and present simulative evaluation results:
· Option 1: the quality of both serving and target cell is defined by the strongest beam only.
· Option 2: the quality of both serving and target cell is determined by averaging the 4 strongest beams.
· Option 3: the quality of the serving cell is defined by the strongest beam only, but the quality of the target cell is determined by averaging the 4 strongest beams.
A full list of simulation parameters is presented in Appendix A.
As in other contributions [3,4], we evaluate mobility performance in terms of ping-pong rate and handover failure rate. Ping-pong handovers may occur, for example, when the handover is triggered too early, so that the UE upon arrival in the target cell realizes that the old source cell has still higher quality, and immediately goes back (X  Y  X, where X and Y refer to different cells). The ping-pong rate is evaluated by counting the number of ping-pong occurrences within one second, divided by the total number of (successful and unsuccessful) handover events:

where  is the number of ping-pong occurrences, is the number of successful handovers, and  is the number of failed handovers. Simulation results are shown in the left panel of Figure 1.
A handover failure, on the other hand, might occur if the handover decision is delayed too much, or if the quality of the target cell drops too much before the handover can be completed. In this paper we determine handover failure rates by comparing the measured RSRP of the target cell to a cell detection threshold during the duration of TTT. If the measured RSRP falls below the threshold, it is assumed that the target cell can no longer be detected, and hence a handover failure is registered. Throughout this study, we assume a TTT of 100 ms. The handover failure rate is given by the ratio of the number of failed handovers to the total number of handover attempts (i.e., both successful and unsuccessful):

where is the number of successful handovers, and  the number of failed handovers. Simulation results are shown in the right panel of Figure 2.
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Figure 2: Ping-pong and handover failure rates for various methods for the derivation of cell quality in serving and target cells.
The presented results for the first two options are in consistency with the results presented in another contribution entitled “Mobility performance in heterogeneous networks”, even though the simulation parameters are somewhat different: averaging more beams leads to better ping-pong performance, but more handover failures. The performance of the third option (“different”), where the quality of the strongest beam from the serving cell is compared to the average of the 4 strongest beams from the target cell, is approximately the same as that of option 2, where the averaging is done for both serving and target cells. The third option seems to perform slightly better in terms of HOF rate, but the differences are not significant.
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Conclusion
We made the following observation:

Observation 1	Using different methods for determining the cell quality value in serving and target cells does not seem to be viable way of breaking the balance between handover failures and ping-pong occurrences.
Observation 2	So far, results are not conclusive to decide how the quality of the serving cell should be determined.
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Appendix A. Simulation Parameters

	Parameter name 
	Value 

	Operating frequency 
	2GHz

	Deployment
	3-site urban-macro with wrap-around (9 sectors)

	Duplex 
	FDD

	Tx antenna configuration
	1x16 (row array), 16 beams per sector

	System Bandwidth 
	40 MHz 

	TTI length 
	0.125 ms 

	Subcarrier spacing 
	60KHz 

	UE speed
	30 kmph

	UE position update period
	2 ms

	UE ports 
	2

	Propagation mode
	3GPP TR 36.873

	Channel estimation
	Ideal

	Cell detection threshold
	-110 dBm

	Hysteresis margin 
	3 dB

	Filter coefficients 
	L1 filter λ = 0.8, L3 filter k = 4

	Beam grouping
	After L3 filtering

	Handover measurement period
	20 ms

	Handover update period 
	20 ms 

	TTT
	100 ms
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