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Introduction
[bookmark: _Ref178064866]In RAN2#96, the cell quality derivation from individual beams was discussed and the following agreements were made:
Agreements for connected active
1: 	RRM measurement for cell level mobility should be performed based on a common framework regardless of network beam configurations (e.g., number of beams) and the UE beam configuration.
FFS: Which beams the UE selects from the detected beams in order to derive a cell level quality. Options to be studied: 
	a/ best beam, 
	b/ N best beams, 
	c/ all detected beams
	d/ beams above a threshold.
	Other options are not precluded

In this contribution, we describe how L1 and L3 filtering should be performed by an RRC_CONNECTED UE in order to derive RRM measurements per cell level (and/or any other beam group). Simulations results are also provided.
Discussion
Cell-based mobility only based on individual beams may result in an extensive number of beam evaluations and measurement report triggering. It may also cause ping-pong effects, when the per-beam variations result in UEs being handed over between base stations back and forth. In the example in Figure 1, taking handover decisions based on individual mobility RS (MRS) measurements only, i.e. always handing over to the beam with the strongest MRS strength/quality, would lead to six handovers between beams (11->22->12->13->31->32->33) and three between base stations (1->2->1->3), where the handover between base stations 1 and 2 is unnecessary. 
[image: ]
Figure 1 Multiple beams per gNB.
In the example, it would have been beneficial if the UE could be configured to process groups of beams and use per beam-group processed measurements for report triggering to better support RRC based mobility.
In this contribution, in order to select the most appropriated filtering alternatives for RRM measurements in connected mode we study the alternatives listed in the latest RAN2 agreement i.e.:
a.  ‘Best beam’ with the grouping done before L1 filtering, after L1 filtering/before L3 filtering, and after L3 filtering 
b. ‘Average of X beams’ with the grouping done before L1 filtering, after L1 filtering/before L3 filtering, and after L3 filtering, wherein X = 3.
c. ‘Best X beams’ with the grouping done before L1 filtering, after L1 filtering/before L3 filtering, and after L3 filtering, wherein X = 3.
d. ‘All detected beams’ 
[bookmark: _Ref465756947]The rest of the simulation parameters are listed in Appendix 1.
Ping-pong and handover failure probability
The ping-pong probability is evaluated for the different options. The ping-pong probability is evaluated by counting the number of ping-pong occurrences (i.e., as in X  Y  X where X, Y refer to different cells) and successful and unsuccessful handover events. The ping-pong probability is derived by:



where  is the number of ping-pong occurrences, is the number of successful handovers,  is the number of failed handovers. The simulation results are shown in Figure 3.
[image: C:\Users\eumuugu\Desktop\simulation_slides\__new\PingPongAll_2.png]
Figure 2 The probability of ping-pong occurrence for the following filtering options: ‘Best 3 beams, ‘All detected beams’, ‘Average of 3 beams’, ‘Best beam’.
The handover failure probability is calculated by the ratio of the number of handover failures to all handover decisions, wherein the handover failure is determined by comparing the RSRP of the target cell to a cell detection threshold during the duration of TTT. If the measured RSRP is lower than the threshold, it is considered that the target cell cannot be detected hence a handover failure is registered. 
The evaluated handover probability is given by:



where  is the number of ping-pong occurrences, is the number of successful handovers,  is the number of failed handovers. The simulation results are shown for the “Best beam” and “Average of 3 beams” filtering options in Figure 4, wherein both are based on grouping after L3 filtering.
[image: C:\Users\eumuugu\Desktop\simulation_slides\__new\PingPongAll_2.png]
Figure 3 Handover failure probabilities for the ‘Best beam’ and ‘Average of 3 beams’ filtering options, wherein grouping is performed after L3 filtering.
As expected, the alternatives relying on ‘Best beam’ and ‘Average of 3 beams’ filtering appear to be less subject to ping-pongs as opposed to the other options although the differences between them were no significant, as shown in Figure 2. On the other hand, when comparing the handover failure probability, ‘Best beam’ filtering option performs better than ‘Average of 3 beams’ in all of the simulated cases (30 kmph and 120 kmph users) when the network operates at 2 GHz and 30 GHz frequencies, as shown in Figure 3.
Although these are preliminary results, under limited scenarios, they were somewhat expected. For the handover failure performance, only the best beam matters since that would be the one serving the UE after the handover instead of a combination of them (in reality, the UE would be served by a refined version of that beam) On the other hand, averages considering other beams that are not the best increase the chance the UE moves to a cell that will fail. 
Therefore, since the difference in the number of ping-pongs for the ‘Best beam case’ compared to the ‘average of 3 beams’ is not significant, RAN2 should further consider at least filtering based on ‘best beam’ to be further evaluated.
Based on these observations the following has been proposed:
1. At least filtering based on ‘Best beam’ average to derive the cell-level quality should be supported

[bookmark: _Toc458461065][bookmark: _Toc450773277][bookmark: _Toc450773306][bookmark: _Toc450773354][bookmark: _Toc450773369][bookmark: _Toc450774156][bookmark: _Toc450814189]Conclusion
[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]We made the following observations:
Observation 1. Beam groups can be formed without a transmitted shared cell or node ID.
Observation 2: The physical layer can be configured to detect, monitor, measure and filter individual beams.
Observation 3: By group-wise combining measurements associated to beams in the physical layer, much of the processing and signalling efforts can be reduced
Observation 4: Groupwise combining and filtering of beam measurements enable generation of cell-like filtered measurements similar to LTE.
And the following proposals:
Proposal 1: Support groupwise combining of measurements in physical layer
Proposal 2: Support at least the ‘Best beam’ filtering option for the derivation of cell-level quality.
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Appendix 1

Table 1 Parameters 
	Parameter name 
	Value 

	Operating frequency 
	2GHz / 30 GHz

	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 / 120 kmph

	UE position update period
	2 ms

	UE ports 
	2

	Propagation mode
	3GPP TR 36.873 at 2 GHz, 3GPP TR 38.900 at 30 GHz

	Channel estimation
	Ideal

	Cell detection threshold
	-110 dBm at 2 GHz, -130 dBm at 30 GHz

	Hysteresis margin 
	3 dB

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

	Handover measurement period
	20 ms

	Handover update period 
	20 ms 
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