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1 Introduction

1. Mobility – Intra-NR RAT

Agreements

Two levels of network controlled mobility:

1: RRC driven at 'cell' level.

2: Zero/Minimum RRC  involvement (e.g. at MAC /PHY) 

FFS what is the definition of a cell

In Intra-NR mobility, Especially in HF (High Frequency (Above 6 GHz)) NR, we assume beam change decision (L1/L2 mobility) should be based on beam’s RSRP/RSRQ and ‘cell’ level change decision should be based on ‘cell’ level RSRP/RSRQ. Currently, it is not clear how to derive ‘cell’ level RSRP/RSRQ in beamforming system.
In this contribution, we try to derive ‘cell’ level signal quality in multi-beam system environment using ray-tracing simulation tool, which is widely used for channel modelling. 
2 Discussion
In multi-beam system, when UE evaluate ‘cell’ level RRM measurement for cell (re)selection or handover, there will be two options as follows:
1. Single beam based (i.e. Best-beam)
UE measures signal quality of all beams of eNB and UE can select best beam among them. A RSRP/RSRQ of the best beam of eNB can be used for ‘cell’ level mobility decision.
2. Multi-beam based (i.e. N-best beams or all beams)
UE measures signal quality of all beams of eNB. A RSRP/RSRQ (e.g. power sum or weighted average) from multiple beams (i.e. N-best beams or all beams) of eNB can be used for ‘cell’ level mobility decision.
3 Simulation Results
3.1 Simulation Setup
To evaluate the above options discussed in section 2, we used ray-tracing simulation tool, which is calibrated by field measurement [1].
1. Location : Wolpyeong-dong, Daejeon, Korea
2. Tx Beamforming parameters
A. Gain 21.14 dBi, Azimuth Degree :18⁰  Elevation Degree :10⁰
B. Tx Power : 35 dBm

3. UE Rx Beamforming : Omni

4. Beam power (dBm) = dBmf(Beamidx)
5. Beam power sum (dBm) = dBmf([image: image2.png]


)
A. idx : beam index

B. Beam : power of Beam (mW), 

C. n : number of beam

D. dBmf(x) = 10*log10(x)
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Figure 1. 3D modeling and trajectory A (LoS) and B (NLoS)
3.2 Simulation Results
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Figure 2. Trajectory A (LoS)
As shown in Figure 2 (LoS case), UE experiences large signal fluctuation (i.e. following eNB’s beam shape, called “beam bump” as in [2]) when best-beam is used for ‘cell’ level signal quality. However, when 4-best beams or all beams are used for ‘cell’ level signal quality, the signal fluctuation is much less than best-beam case due to averaging effect (i.e. weighted averaging or summation). Therefore, if multiple beams are used in a ‘cell’, single beam (best beam) based RRM measurement results a large signal fluctuation, which could cause unnecessary mobility impact (e.g. ping-pong)
Observation 1: In case of LoS, single-beam based RRM measurement results a large fluctuation, which could cause unnecessary mobility impact.
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Figure 3. Trajectory A (NLoS)
As shown in Figure 3 (NLoS), large signal fluctuation is not observed in both single beam and multi-beam based RRM measurement. It is intuitively correct because signals are scattered or reflected in NLoS case, which makes the effects of eNB beam shape be non-visible. However, we observe irregular power offset between single-beam based and multi-beam based RRM measurement. This is mainly because if best beam is dominant, then this power offset value is negligibly small, but if comparable multiple beams are exist, then this power offset is much larger when single beam based RRM is used. Therefore, it is expected that this power offset variance has a possibility to cause unnecessary mobility impact if we consider A3 offset, hysteresis margin.
Observation 2: In case of NLoS, single-beam based RRM measurement results power offset variation, which could causes unnecessary mobility impact.
In the above sections, it is shown that UE can experience unstable signal quality and power offset variance in a single TRP case. However, in multi-TRPs case, it is not sure that the above observations are still valid. To see the multi-TRPs case, we use system level simulator of [3]. We assumes UE mobility = 60km/h, TTT = 160ms, loading factor = 1 and the other simulation parameters are shown in Annex B. 
In high frequency multi-beam system, the ping-pong rate is calculated as follows:
Table 1. Ping-Pong rate (Single-beam RRM vs. Multi-beam (detectable all beams) RRM)
	
	LOS
	NLoS

	Ping-Pong rate
	Single-beam 
	Multi-beam 
	Single-beam 
	Multi-beam 

	
	9.89%
	4.18%
	16.39%
	12.19%


As a result, we get a higher ping-pong rate in case of single-beam based RRM measurement, which is expected from single TRP observations. It is also same conclusion as in [4], which also shows that single-beam based RRM causes negative impact of mobility performance (i.e. higher ping pong rate).
Observation 3: Single beam based RRM causes negative impact of UE’s mobility performance (i.e. higher ping pong rate).
Proposal: To determine ‘cell’ level signal quality, UE should be able to group beams of the same cell for RRM measurement, which leads stable mobility performance.
4 Conclusion

Based on the above, RAN2 is requested to discuss and if possible note on the followings:

Observation 1: In case of LoS, single-beam based RRM measurement results a large fluctuation, which could cause unnecessary mobility impact.
Observation 2: In case of NLoS, single-beam based RRM measurement results power offset variation, which could causes unnecessary mobility impact.
Observation 3: Single beam based RRM causes negative impact of UE’s mobility performance (i.e. higher ping pong rate).
Proposal: To determine ‘cell’ level signal quality, UE should be able to group beams of the same cell for RRM measurement, which leads stable mobility performance.
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Annex B: Simulation Parameters
	Parameter
	Value
	Reference

	UE Speed
	60 km/h
	[5]

	Filtering Factor K
	4
	[5]

	Qout 
	- 8 dB
	[5][6]

	Qin
	- 6 dB
	[5][6]

	Measurement Report Triggering Event 
	A3
	[5][6]

	A3 Time To Trigger (TTT)
	160ms
	[5][6]

	A3 Offset
	0 dB
	[5][6]

	Hysteresis
	2 dB
	[6]


