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Introduction
Mobility is the maximum mobile station speed at which a defined QoS can be achieved (in km/h) [1]. The following classes of mobility are defined:
· Stationary: 0 km/h
· Pedestrian: 0 km/h to 10 km/h
· Vehicular: 10 km/h to 120 km/h
· High speed vehicular: 120 km/h to 500 km/h
A mobility class is supported if the traffic channel link data rate on the uplink, normalized by bandwidth, is as shown in Table 1.  In this contribution, mobility evaluation results of NR for rural – eMBB test environment is provided. 
Table 1. 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


Evaluation methodology
The following procedure is defined in [2] to evaluate mobility.
	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.[IMT-2020.TECH PERF REQ], 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.[IMT-2020.TECH PERF REQ], 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.[IMT-2020.TECH PERF REQ].
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.


We have followed the above procedure and agreements made in prior meetings. 
Evaluation results
System level evaluation results
In [3], pre-defined SINR is defined to be utilized as an interface between system level and link-level evaluation. Fig. 1 and Fig. 2 show the CDFs of UL pre-defined SINR in channel model A (RMa_A) and channel model B (RMa_B) for 700MHz and 4GHz, respectively. Other system level evaluation assumptions and parameters are listed in Table A1 in Annex.
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	Fig. 1. 700MHz
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	Fig. 2. 4GHz


Based on the CDF curves, we can get the 50-th percentile SINR values as in Table 2. 
Table 2. 50th percentile value of UL pre-processing SINR [dB]
	
	Channel model A
	Channel model B

	700MHz
	9.92
	9.73

	4GHz
	8.87
	8.84



Observation 1:	CDF curves of UL SINR values for channel model A and channel model B are close;  the 50-th percentile SINR values are almost same. 

Link level evaluation results
To run link level simulation, mean ZoD spread should be computed from the system level simulator. During RAN1-#92bis, the following procedure has been agreed to compute mean ZoD spread from system level evaluation [3]:  
	· 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.


In Table 3, the 50-th percentile point of mean ZoD spread obtained from system level simulator is provided. It can be noted that mean ZoD spread does not depends on channel model and carrier frequency but LOS/NLOS condition.
Table 3. 50th percentile value of mean ZoD spread [degree]
	
	Channel model A, B

	LOS
	1.27

	NLOS
	1.45



Based on the system level input, link level evaluation results are provided in Table 4. Link level evaluation parameters are shown in Table A2. In link-level simulation, we do not include link adaptation, but one MCS level is chosen and to check whether the mobility requirements, target rate and BLER, are satisfied. The normalized data rate is acquired with the highest MCS level satisfying the mobility requirements. 
 
Table 4. Normalized data rate [bit/s/Hz]
	
	700MHz
	4GHz

	120km/h
	LOS
	2.631
	2.418

	
	NLOS
	1.926
	1.713

	500km/h
	LOS
	2.418
	1.373

	
	NLOS
	1.196
	0.578



Observation 2:	NR satisfies the mobility requirement for IMT-2020 under Rural-eMBB scenario.

Conclusions
In this contribution, we present our evaluation results for mobility in Rural-eMBB scenarios. Based on the discussion and evaluation results, we have made the following observations. 
Observation 1:	CDF curves of UL SINR vlues are close between channel model A and channel model B. Therfore, 50-th percentile SINR values are similar. 
Observation 2:	NR satisfies the mobility requirement for IMT-2020 under Rural-eMBB scenario
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Annex A: Evaluation assumptions
Table A1. System level evaluation assumptions
	Parameters
	Values

	Deployment scenario
	Rural Macro – eMBB

	Cell layout
	Hexagonal grid, 19 sites with 3-sector TRP

	Center frequency
	1) 700MHz
2) 4GHz

	Simulation bandwidth
	10MHz

	Number of antenna elements per TRP
	(M, N, P, Mg, Ng) = (8,2,2,1,1) for 700MHz, 4GHz
(dH,dV) = (0.5, 0.8)λ

	TXRUs virtualization 
	4R: (Mp, Np, Pp, Mg, Ng) = (1,2,2,1,1) for 700MHz, 4GHz

	BS antenna gain
	8dBi

	BS antenna radiation pattern
	Follow BS antenna pattern in [2]

	BS mechanical down-tilt
	90˚ in GCS

	BS electrical down-tilt
	100˚ in LCS 

	UE antenna height
	1.5m

	Number of antenna elements per UE
	1T: (M, N, P, Mg, Ng) = (1,1,1,1,1) for 700MHz, 4GHz

	UE antenna gain
	0dBi

	UE antenna radiation pattern
	Omni-directional

	UE array orientation
	Random and uniformly distributed direction

	Device deployment
	50% indoor, 50% outdoor (in car)
Randomly and uniformly distributed over the area

	UE mobility model
	Fixed and identical speed |v| of all UEs, randomly and uniformly distributed direction

	UE speed of interest
	1)120km/h
2) 500km/h

	UE noise figure
	7dB

	Channel model
	1) RMa_A
2) RMa_B

	UE density
	10 UEs per TRP

	Handover margin
	0dB

	Traffic model
	Full buffer

	Scheduler
	Random scheduling

	Power control
	Open-loop power control: P0 = -60dBm, α = 0.6



Table A2. Link level evaluation assumptions
	Parameters
	Values

	Center frequency
	1) 700MHz
2) 4GHz

	Simulation bandwidth
	10MHz

	Subcarrier spacing
	30kHz

	Number of users in simulation
	1

	Data allocation
	14 symbols with 10 RB allocated

	Number of antenna elements per TRP
	(M, N, P, Mg, Ng) = (1,2,2,1,1)

	Number of TXRUs per TRP
	4R: (Mp, Np, Pp, Mgp, Ngp) = (1,2,2,1,1)

	BS antenna radiation pattern
	Omni-directional

	Number of antenna elements per UE
	(M, N, P, Mg, Ng) = (1,1,1,1,1)

	UE antenna radiation pattern
	Omni-directional

	UE speed
	1) 120km/h
2) 500km/h

	Traffic model
	Full buffer

	Channel model
	1) CDL-III (NLOS)
2) CDL-V (LOS)

	Channel coding
	LDPC

	Channel estimation
	2D MMSE channel estimation

	DM-RS configuration
	2 symbol DMRS (front loaded and one additional) with configuration type 2, no FDM with data and full power utilization in DMRS symbols

	Link adaptation
	No (Single fixed MCS level)

	HARQ
	No

	Overhead
	No
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