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1. Introduction
In RAN#77 meeting, the preliminary work plan of self-evaluation was agreed in [1]. Also, in RAN1#92bis meeting, summary on mobility evaluation assumptions for self-evaluation in [2] was agreed and the summary has following proposals as:

Proposal 1: For SU-MIMO, pre-processing SINR is used (Section  2.1.1 can be used for reference). For MU-MIMO, further study whether pre/post-processing SINR can be used. The channel estimation impact in the case of post-processing SINR needs to be developed in system-level.
Proposal 2: The companies to report the antenna port pattern used in LLS. If the CDL channel model is used in LLS, the following three options can be used for reference.

· Option 1: 0dBi omni-directional gain is assumed for Tx and Rx antenna ports

· Option 2: 0dBi gain (linear gain = 1) for the paths within the 3dB beamwidth; linear gain = 0 (-∞ dB gain) for the paths outside the 3dB beamwidth. 
· Option 3: Use the pattern defined in Section 8.5 in Report ITU-R M.2412 for BS and UE side with maximum directional gain of 0dBi for related test environments.

Proposal 3: The inter-port spacing calculation is reported by the companies. The calculation method given by equation (4) and (5) as shown below can be used for reference.
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where dtx_element,H and dtx_element,V are the Tx inter-element spacing on horizontal and vertical domain, respectively, and 
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 are the number of antenna elements on the same polarization that virtualizes the Tx antenna port on horizontal and vertical domain, respectively.
Proposal 4: Use the 50%-tile point of CDF of the mean value of ZoD spread of all UEs based on UE dropping in system level simulation. The mean value of ZoD spread of a UE is calculated according to the formula given in Table 1 and Table 2 for Dense Urban and Rural test environment, respectively, where d2D and hUT of a UE is determined by the UE dropping.
Table 1 Mean value calculation for UMa ZoD spread

	
	Frequency
	Parameters
	UMa_x

	
	
	
	LOS
	NLOS

	UMa_A
	0.5 GHz≤ fc ≤6 GHz
	lgZSD
	max[-0.5, -2.1(d2D/1000) -0.01 (hUT - 1.5)+0.75]
	max[-0.5, -2.1(d2D/1000) -0.01(hUT - 1.5)+0.9]

	
	6 GHz< fc ≤ 100 GHz
	lgZSD
	max[-0.5, -2.1(d2D/1000) -0.01 (hUT - 1.5)+0.75]
	max[-0.5, -2.1(d2D/1000)-0.01(hUT - 1.5)+0.9]

	UMa_B
	0.5 GHz≤ fc ≤ 100 GHz
	lgZSD
	max[-0.5, -2.1(d2D/1000)-

0.01 (hUT -1.5)+0.75]
	max[-0.5, -2.1(d2D/1000)-0.01(hUT - 1.5)+0.9]


Table 2 Mean value calculation for RMa ZoD spread
	
	Frequency
	Parameters
	RMa_x

	
	
	
	LOS
	NLOS

	RMa_A

RMa_B
	RMa_A：0.5 GHz≤ fc ≤ 6 GHz, RMa_B：0.5 GHz≤ fc ≤ 7 GHz
	lgZSD
	max(-1, -0.17*( d2D /1000)-0.01*( hUT -1.5)+0.22)
	max(-1, -0.19*( d2D /1000) - 0.01*( hUT -1.5)+0.28)


In this contribution, we provide our initial evaluation results of high mobility for ITU IMT-2020 self-evaluation. 
2. Simulation Methodology for mobility and requirement 
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   In [3], it was shown the simulation methodology for mobility as:
Based on above simulation methodology, system level simulation will provide the 50th-percentile SINR value which will be used to obtain uplink spectral efficiency in link level simulation. The requirement for mobility simulation are listed in Table 3. 
Table 3. Traffic channel link data rates normalized by bandwidth
	Test environment
	Normalized traffic channel link data rate

(bit/s/Hz)
	Mobility (km/h)

	Indoor Hotspot – eMBB
	1.5
	10

	Dense Urban – eMBB
	1.12
	30

	Rural – eMBB
	0.8
	120

	
	0.45
	500


3. Initial evaluation results

  In this section, in order to obtain scaling value for ZOD in link level simulation, we provide the 50th-percentile mean value of ZOD spread for Dense Urban (4GHz), Rural Config. A (700MHz) and Config. B (4GHz). Figure 1 and 2 presents the CDF of mean value of ZOD spread for Dense Urban and Rual environment, respectively. In the plo, LOS UE and NLOS UE are determined by the LOS probability in the system level simulation, and mean value of ZOD is calculated according to the formula in Table 1 and 2. 
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Figure 1. CDF of mean value of ZOD for Dense Urban-eMBB
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Figure 2. CDF of mean value of ZOD for Rural-eMBB

Observation 1: For Dense Urban (4GHz), 50th percentile point of CDF of the mean value of ZoD spread is 2.84 and 4.36 for LOS and NLOS UE, respectively. 
Observation 2: For Rural Config A. (700MHz), 50th percentile point of CDF of the mean value of ZoD spread is 1.31 and 1.41 for LOS and NLOS UE, respectively. 
Observation 3: For Rural Config B. (4GHz), 50th percentile point of CDF of the mean value of ZoD spread is 1.29 and 1.43 for LOS and NLOS UE, respectively. 
Figure 4 plots the CDF of Pre-processing SINR. Based on this plot, we summarized the 50th-percentile UE Pre-processing SINR in Table 4. 
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Figure 2. CDF of pre-processing SINR

Table 4. 50%-tile UE pre-processing SINR
	Test environment
	Mobility (km/h)
	50%-tile UE Pre-processing SINR (dB)

	Indoor Hotspot (4GHz, 12Site)
	10
	5.94

	Dense Urban (4GHz)
	30
	5.61

	Rural (700MHz)
	120
	8.53

	
	500
	8.51

	Rural (4GHz)
	120
	7.49

	
	500
	7.48


4. Conclusion

In this contribution, we provided our initial evaluation results of mobility for ITU IMT-2020 self-evaluation submission. Based on the above discussion, following observation are given as:
Observation 1: For Dense Urban (4GHz), 50th percentile point of CDF of the mean value of ZoD spread is 2.84 and 4.36 for LOS and NLOS UE, respectively. 
Observation 2: For Rural Config A. (700MHz), 50th percentile point of CDF of the mean value of ZoD spread is 1.31 and 1.41 for LOS and NLOS UE, respectively. 
Observation 3: For Rural Config B. (4GHz), 50th percentile point of CDF of the mean value of ZoD spread is 1.29 and 1.43 for LOS and NLOS UE, respectively. 
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Annex A: Simulation Parameters and Assumptions

Table A-1. Simulation assumptions 
	Scenarios 
	Rural Config A (700MHz), Rural Config B (4GHz), Dense Urban (4GHz), 

Indoor Hotspot (4GHz, 12 Site)

	BS antenna configurations 
(M,N,P,Mg,Ng,Mp,Np)
	Rural Config A: 8TRxP=(8,4,2,1,1,1,4), (dH,dV) = (0.5, 0.8)λ
Rural Config B: 16TRxP=(8,8,2,1,1,1,8), (dH,dV) = (0.5, 0.8)λ
Electrical Tilt Angle: 100 degree
Dense Urban: 4TRxP=(8,8,2,1,1,2,1), (dH,dV) = (0.5, 0.8)λ
Azimuth angle φi = [-5*pi/16, -3*pi/16, -pi/16, pi/16, 3*pi/16, 5*pi/16]
Zenith angle θj = [5*pi/8, 7*pi/8]

	MS antenna configurations 
	4 Rx X-pol (0/+90) / 2 Rx X-pol (0/+90) 

	System bandwidth 
	10MHz (52RBs) 

	UE attachment 
	Based on RSRP 

	Duplex
	FDD

	Traffic model 
	Full buffer

	Receiver 
	Non-ideal channel estimation and interference modeling

	
	LMMSE-IRC receiver

	Hybrid ARQ 
	Maximum 4 transmissions 

	Wrapping method
	Geographical distance based
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Mobility shall be evaluated under Indoor Hotspot-eMBB, Dense Urban-eMBB, and Rural-eMBB test environments using the same evaluation parameters and configuration selected for the evaluation of average spectral efficiency and 5th percentile user spectral efficiency. Under Rural-eMBB test environment, target values for both mobility of 120 km/h and 500 km/h in Table 4 of Report ITU-R M.2410-0 shall be achieved to fulfill mobility requirements of Rural-eMBB test environment. 


The evaluator shall perform the following steps in order to evaluate the mobility requirement. 


Step 1: Run uplink system-level simulations, identical to those for average spectral efficiency, and 5th percentile user spectral efficiency except for speeds taken from Table 4 of Report ITU-R M.2410-0, using link-level simulations and a link-to-system interface appropriate for these speed values, for the set of selected test environment(s) associated with the candidate RITs/SRITs and collect overall statistics for uplink SINR values, and construct CDF over these values for each test environment. 


Step 2: Use the CDF for the test environment(s) to save the respective 50th-percentile SINR value. 


Step 3: Run new uplink link-level simulations for the selected test environment(s) for either NLOS or LOS channel conditions using the associated speeds in Table 4 of Report ITU-R M.2410-0, as input parameters, to obtain link data rate and residual packet error ratio as a function of SINR. The link-level simulation shall use air interface configuration(s) supported by the proposal and take into account retransmission, channel estimation and phase noise impact. 


Step 4: Compare the uplink spectral efficiency values (link data rate normalized by channel bandwidth) obtained from Step 3 using the associated SINR value obtained from Step 2 for selected test environments, with the corresponding threshold values in the Table 4 of Report ITU-R M.2410-0. 


Step 5: The proposal fulfils the mobility requirement if the spectral efficiency value is larger than or equal to the corresponding threshold value and if also the residual decoded packet error ratio is less than 1%, for all selected test environments. For the selected test environment it is sufficient if one of the spectral efficiency values (using either NLOS or LOS channel conditions) fulfils the threshold. 


Similar methodology can be used for downlink in case this is additionally evaluated.
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