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1. Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK166][bookmark: OLE_LINK167]At RAN#75 meeting, a new Study Item on Self Evaluation towards IMT-2020 submission was approved [1] and self-evaluation should be done to confirm whether NR meets the ITU-R IMT-2020 requirements or not. The key minimum technical performance requirements are provided in Report ITU‑R M.2410 [2].
Reference [2] described that mobility is the maximum mobile station at which a defined QoS can be achieved (in km/h) and 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.
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



2. Evaluation method and parameters
Following system level and link level steps to evaluate mobility requirements are captured in [3] and we used the steps to conduct our simulation. In addition, other guidelines toward mobility evaluation agreed in RAN1#92bis can be found in [4].

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


2.1 System level simulation parameters
Mobility should be evaluated under InH, Dense Urban and Rural scenarios. Besides, the evaluation assumptions and configurations should follow the ones defined for average and 5% user spectral efficiency. System level evaluation parameters are attached in Appendix A.
2.2 Link level simulation parameters
The parameters for link level simulation are listed in Appendix B
3. Initial evaluation results

3.1 System level part
According to evaluation method and assumptions above, we have got the uplink SINR curves for different eMBB test environments: 
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	Figure 1 CDF of uplink SINR for Indoor Hotspot
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	Figure 2 CDF of uplink SINR for Dense Urban
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	Figure 3(a) CDF of uplink SINR for Rural, 700MHz
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	Figure 3(b) CDF of uplink SINR for Rural, 4GHz


From the CDF curves, we can further get the respective 50th-percentile SINR values as shown in Table 2 below:
TABLE 2
50th-percentile SINR values
	Test environments
	50th percentile SINR(dB)

	
	Mode A
	Mode B

	Indoor Hotspot - eMBB
	4G: 3.20
	4G: 3.83

	Dense Urban – eMBB
	4G: 10.63
	4G:11.05

	Rural - eMBB
	4G: 7.42
700M: 11.04
	4G: 6.66
700M: 10.90



3.2 Link level part
Based on the median SINR values, we obtained the uplink spectral efficiency values (link data rate normalized by channel bandwidth) form the link level simulations. Table 3 captured the evaluated values compared with ITU requirements.
TABLE 3
Evaluation results of mobility
	Test environment
	Freq(Hz)
	Simulation(Bit/s/Hz)
	Req. (Bit/s/Hz)

	
	
	Mode A
	Mode B
	

	Indoor Hotspot – eMBB
	4G
	1.88
	1.88
	1.5@10km/h

	Dense Urban – eMBB
	4G
	2.11
	2.1
	1.12@30km/h

	Rural – eMBB
	700M
	2.12
	2.12
	0.8@120km/h

	
	4G
	1.53
	1.53
	

	
	700M
	1.92
	1.92
	0.45@500km/h

	
	4G
	1.18
	1.18
	



From our simulation, it’s observed that all the three test environments can fulfill the IMT-2020 requirements on eMBB mobility. Another observation is that although the median SINR values are slight different between channel mode A and B, but the spectral efficiency values obtained from link level simulation are almost same. So we suggest to evaluate only one channel mode (e.g. Mode A) to reduce workload of the mobility evaluation.
Observation: NR can fulfill the IMT-2020 requirements on eMBB mobility.
4. Conclusion
In this contribution, we provide initial evaluation results for eMBB mobility. As we can see, the simulation results are obviously larger than ITU requirements and we get an observation that,
Observation: NR can fulfill the IMT-2020 requirements on eMBB mobility.
5. Appendix A
TABLE 4
System level evaluation assumptions

	Technical configuration Parameters
	Reference value
	Indoor Hotspot
	Dense Urban
	Rural

	Multiple access
	OFDMA
	Aligned with reference
	Aligned with reference
	Aligned with reference

	Duplexing
	
	FDD
	FDD
	FDD

	Modulation
	Up to 256QAM
	Aligned with reference
	Aligned with reference
	Aligned with reference

	Numerology
	
	15 kHz SCS
	15 kHz SCS
	For 120 km/h: 15 kHz SCS
For 500 km/h: 30 kHz SCS

	Simulation bandwdith
	
	10MHz
	10MHz
	10MHz

	Transmission scheme
	
	UL SIMO
	UL SIMO
	UL SIMO

	UL codebook
	
	N/A
	N/A
	N/A

	MU dimension
	
	N/A
	N/A
	N/A

	SU dimension
	
	1 layer
	1 layer
	1 layer

	SRS transmission
	
	Non-precoded, 1T SRS port
	Non-precoded, 1T SRS port
	Non-precoded, 1T SRS port

	Antenna configuration at TRxP
	(M, N, P, Mg, Ng; Mp, Np)
	8R,(4,4,2,1,1; 1,4)
	8R,(8,4,2,1,1; 1,4)
	4R,(8,2,2,1,1; 1,2)

	Antenna configuration at UE
	(M, N, P, Mg, Ng; Mp, Np)
	1T, (1,1,1,1,1; 1,1)
	1T, (1,1,1,1,1; 1,1)
	1T,(1,1,1,1,1; 1,1),

	Scheduling
	PF
	Aligned with reference
	Aligned with reference
	Aligned with reference

	Receiver
	MMSE-IRC
	Aligned with reference
	Aligned with reference
	Aligned with reference

	Power control parameter
	
	[0.8,-85]
	[0.8, -85]
	[0.8, -85]

	SINR
	Pre-processing SINR as in Section 2.1.1 in R1-1805643
	Aligned with reference
	Aligned with reference
	Aligned with reference


6. Appendix B
TABLE 5
Link level evaluation assumptions
	Parameters
	Reference value
	Indoor Hotspot
	Dense Urban
	Rural

	Carrier frequency
	
	4GHz
	4GHz
	700 MHz/4 GHz

	Waveform
	CP-OFDM
	Aligned with reference
	Aligned with reference
	Aligned with reference

	Duplexing
	
	FDD
	FDD
	FDD

	Evaluated service profiles
	Full buffer best effort
	Aligned with reference
	Aligned with reference
	Aligned with reference

	Simulation bandwidth
	10 MHz
	Aligned with reference
	Aligned with reference
	Aligned with reference

	Number of users in simulation
	1
	Aligned with reference
	Aligned with reference
	Aligned with reference

	Link-level Channel model
	NLOS: CDL/ TDL-iii
	NLOS: CDL-i
	NLOS: CDL-iii
	NLOS: CDL-iii

	
	LOS: CDL/TDL-v
	LOS: CDL-iv
	LOS: CDL-v
	CDL-v

	UE speed
	
	10km/h
	30km/h
	120km/h, 500km/h

	Subcarrier spacing
	
	15 kHz
	15 kHz
	15 kHz

	Symbols number per slot
	14
	Aligned with reference
	Aligned with reference
	Aligned with reference

	Antenna configuration at TRxP
	
	8R, (4,4,2,1,1; 1,4)
	8R, (8,4,2,1,1; 1,4)
	4R, (8,2,2,1,1; 1,2)

	Antenna configuration at UE
	
	1T, (1,1,1,1,1; 1,1)
	1T, (1,1,1,1,1; 1,1)
	1T, (1,1,1,1,1; 1,1)

	TXRU pattern at TRxP
	
	Option 1: 0dBi Omni-directional
	Option 1: 0dBi Omni-directional
	Option 1: 0dBi Omni-directional

	TXRU pattern at UE
	
	Option 1: 0dBi Omni-directional
	Option 1: 0dBi Omni-directional
	Option 1: 0dBi Omni-directional

	Transmission mode
	
	SIMO
	SIMO
	SIMO

	Transmission rank
	
	Rank 1
	Rank 1
	Rank 1

	UL precoder
	
	-
	-
	-

	TRxP receiver type
	MMSE-IRC
	Aligned with reference
	Aligned with reference
	Aligned with reference

	Channel estimation
	
	LMMSE
	LMMSE
	LMMSE

	Number of subcarriers per PRB
	12
	Aligned with reference
	Aligned with reference
	Aligned with reference

	Data allocation
	
	14 symbol slots, with 12 RB allocated
	14 symbol slots, with 12 RB allocated
	14 symbol slots, with 12 RB allocated

	Channel coding scheme
	LDPC
	Aligned with reference
	Aligned with reference
	Aligned with reference

	Link adaptation
	
	Yes
	Yes
	Yes

	HARQ
	
	Max 4 HARQ transmissions
	Max 4 HARQ transmissions
	Max 4 HARQ transmissions
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