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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]RAN4 has been discussing the impact of UE RX beams on the measurement period in previous meetings. In this paper, we continue the discussion and present initial dynamic system level simulation results in FR2.  
To analyze the system impact of mobility, dynamic simulations can provide more aspects than static system level simulation. As an example, the impact of UE RX beams and the measurement period on the system performance is discussed in this paper. 
2	Simulation Results
The simulation setup and the definition of outage probability have been addressed by our previous paper [1] and appended in the appendix for reference. In this paper, we update the simulation results by taking spatial consistency [2] into account and the layout is updated to be wrapped-around with 19 cells, as shown in Figure 1. The outage rate at UE mobility of 3 km/hr is shown in Table 1, by assuming the measurement period is scaled up with the number of RX beams, e.g. the 200ms/400ms measurement period is scaled up to be 400ms/800ms for 2 UE RX beams and to be 1.6/3.2 sec for 8 RX beams. 
From Table 1, it can observe the longer measurement period would lead to the higher outage rate. However, it also observes low outage rate (~1%) for 4 RX beams and 8 RX beams when spatial consistency is taken into account, even though the measurement period has been scaled up for more RX beams. The outage rate of 2 RX beams is significantly higher than the outage rate of 4 or 8 RX beams, due to the limited beamforming gain. 
[bookmark: _Ref510452398]Observation 1: Too few RX beams (e.g. 2 beams) would not provide enough beamforming gain and it may degrade system performance. 
[bookmark: _Ref510452403]Observation 2: Even though the longer measurement period could be, the reliability of serving cell can be improved by properly increasing the number of RX beams.


Table 1. Outage rate at UE mobility of 3 km/hr, by assuming measurement period is scaled up with the number of RX beams 
	Measurement period ()
	2 RX beams, K=2
	4 RX beams, K=4
	8 RX beams, K=8

	200 ms x K
	3.51 %
	0.76%
	0.88%

	400 ms x K
	4.99 %
	0.86%
	1.08%



To determine the final FR2 requirements on measurement period, we believe it should be justified by more dynamic system-level. 
[bookmark: _Ref506577886]Proposal 1: The measurement delay requirement in FR2 is extended X-times from the requirements in FR1, where X is down-selected from {4, 5, 6, 7, 8}.
[bookmark: _Ref510547751]Proposal 2: Encourage company to provide dynamic simulation results to justify measurement period.

3	Summary 
In this contribution, we provide our system-level simulations in FR2 with considering spatial consistency. The observations and proposals are summarized: 
Observation 1: Too few RX beams (e.g. 2 beams) would not provide enough beamforming gain and it may degrade system performance.
Observation 2: Even though the longer measurement period could be, the reliability of serving cell can be improved by properly increasing the number of RX beams.
Proposal 1: The measurement delay requirement in FR2 is extended X-times from the requirements in FR1, where X is down-selected from {4, 5, 6, 7, 8}.
Proposal 2: Encourage company to provide dynamic simulation results to justify measurement period.
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Appendix 
Simulation Parameters

Table 1 System level evaluation assumptions for Urban macro (simplified based on Table A.2.1-1 in TR 36.802)

	Parameters
	Urban macro

	Layout
	Single layer
Macro layer: Hex. Grid wrapped around with 19 cells

	Inter-BS distance 
	200m 

	Carrier frequency 
	30 GHz

	Channel model
	5GCM UMa

	BS Tx power 
	43dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 43dBm

	BS antenna height 
	25 m

	BS antenna element gain + connector loss
	See Table A.2.1-4

	BS receiver noise figure
	9dB 

	UE antenna height
	Follow TR36.873 

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	13dB 

	UE Mobility
	3 km/h, 30 km/h, without penetration loss



[bookmark: OLE_LINK26]Table 2: Antenna configurations for above 6GHz (simplified based on Table A.2.1-4 in TR 36.802)
	
	Above 6GHz (30GHz)

	TXRU mapping
	Per panel, reuse models in TR 36.897. 
30GHz: 2D DFT based beam per polarization;
Companies explain the details of TXRU mapping to antenna elements.
For evaluating multi beam based approaches at 30GHz, consider the following:
- TXRU to antenna mapping weights are adjustable and used to steer the panel beam direction in multi beam based approaches in time domain.

	TXRU mapping weights
	See table 4

	Number of BS antenna elements across all panels
	64

	BS (M,N,P,Mg,Ng)
	(4,8,1,1,1) 

	BS antenna element gain pattern
	See Table A.2.1-6 

	UE antenna element gain pattern
	See Table A.2.1-8

	Number of UE RX beams
	2 / 4 / 8 RX beams

	Number of UE antenna elements
	2 / 4 / 8 x 2 panels

	UE (M,N,P) with 2 RX beams
	(1,1,2), 2 panels

	UE (M,N,P) with 4 RX beams
	(1,2,2), 4 panels

	UE (M,N,P) with 8 RX beams
	(2,2,2), 8 panels




Simulation Setup
In general, we follow the simulation assumption provided in [3]. We further assume 64 SSBs are transmitted per cell, using 2 elevations. UEs are assumed moving with 3 kmp and 30 kmp, and their locations are updated accordingly. The layout of wrapped-around with 19 cells is shown in Figure 1, where only one UE is moving in this simulation.
Different number of RX beams (2, 4, 8 RX beams) and measurement period (200 ms ~ 3200 ms) are evaluated, and the corresponding antenna configuration can be found in Appendix. UE selects its Rx beam by assuming genie aided UE receive beamforming with codeword selection, as Option2 in [2].
[bookmark: _GoBack]In the simulation, it assumed 5 measurement samples within a measurement period. E.g. 200 ms measurement would have 5 samples, with SSB periodicity of 40 ms. More detailed assumptions can be found in Appendix.
To analyze the system impact, we further assume that: 
· At every time instant, the SINR of all Tx-Rx beam pairs for all cells are calculated. E.g., the SINR from SSB # in cell # observed by Rx beam # can be denoted by . For simplicity, only SINR metric is considered during the simulation.
· The SINR of a SSB # of cell # is then determined by the highest SINR among all Rx beams toward that SSB, e.g., .
· At a time instant, the serving cell # is selected by the best SINR beam, i.e.,
.
· The outage even is defined by the condition that the UE declares RLF toward the serving cell after a measurement period . RLF is defined when SINR of all SSBs from the serving cell are worse than -10 dB at time point 
),
where  is the indicator function.
· It assumed perfect beam management can be exploited to select the best SINR beam among the serving cell during a time interval . Therefore, at time instant , we do not care if the serving beam has been changed, once the serving cell remains the same.
· Finally, the outage rate is calculated based on all time instants.
From observing the outage rate, it can provide information about the reliability of the serving cell and how the system performance would be impacted by the measurement period and the number of RX beams. In general, more Rx beams can provide better SINR via better beamforming gain. However, more Rx beam would take longer measurement period to finish the whole measurement process, which increasing the probability of outage. 

[image: cid:77c1160f-442f-4965-b1f7-3578a50d82e3]
[bookmark: _Ref510280092]Figure 1. The layout of wrapped-around with 19 cells, where only one UE is moving during simulation.
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