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Introduction
This paper is related to the “New Study Item on Self-Evaluation towards IMT-2020 submission” [1]. In this paper, we provide self-evaluation results for the simulation based metric of Mobility for NR eMBB test environments as outlined in [3]. We present the evaluation methodology and the detailed simulation assumptions considered for this evaluation and show that NR can meet IMT-2020 minimum requirements [2] for all test environments and frequency ranges of operation.
Evaluation Methodology
Mobility is evaluated for high mobility users for the test environments of Indoor Hotspot (10 km/hr), Dense Urban macro (30 km/hr) in frequency range 1 with carrier frequency 4 GHz as well as frequency range 2 with a carrier frequency of 30 GHz [5][6]; and for Rural macro (120 km/hr, 500 km/hr) for frequency range 1 with carrier frequencies of 700 MHz and 4 GHz as outlined in the IMT-2020 evaluation guidelines in [3]. The evaluation follows a combined system level and link level methodology, wherein the system level simulation with full-buffer traffic assumptions are used to determine the SINR distribution for each test environment and this, in turn, is used to run the link level simulator to determine the normalized link rate (bit/sec/Hz) at a target BLER of 1%. The IMT-2020 minimum requirements for mobility are as follows:
[bookmark: _Ref521445888]Table 1: IMT-2020 Requirements for Mobility
	Test Environnent
	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


Based on the above requirements, the detailed steps for self-evaluation are as follows [3]:
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 1, 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 1, 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 1.
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.
In this paper, we assume the following methodology derived from the requirements in Table I and the outlined evaluation method above: 
1. Run the link level simulator for each test environment and corresponding mobility speed taken from Table 1 and determine the SINR required to achieve the required normalized PUSCH link data rate shown in Table 1 for a BLER of 1%. 
2. Run system level simulator to evaluate the 50th percentile pre-processing SINR for each test environment according to the deployment assumptions provided in [3] and the antenna configurations and open loop power control parameters detailed in Section 3. 
3. To show that NR can meet the mobility requirements, it suffices to show that the 50th percentile SINR evaluated from the system level simulations is higher than the SINR required to achieve the required target normalized link PUSCH link data rate from Table 1.
Based on the outlined methodology, we present detailed results to show that the Mobility requirements for IMT-2020 can be easily met by NR. 
[bookmark: _Ref521446146]Evaluation Results 
In this section, we provide detailed link and system level results to show that NR can meet the minimum requirements for mobility in all test environments. The summary of results is provided in Table 2. For link level simulations, the SINR specified in Table 2, is the minimum SINR required to achieve the target normalized PUSCH data rate (bits/s/Hz) specified in Table 1, at a target BLER of 1%. For system level simulation, the SINR specified in Table 2 is the 50th percentile of the uplink pre-processing SINR. Furthermore, for FR1, we assumed the use of IMT Channel Model A and for FR2, we assumed the use of IMT Channel Model B for the corresponding test environments.
[bookmark: _Ref521449000][bookmark: _Ref521455206]Table 2: System and Link Level Evaluation Results for Mobility
	Test Environ-ment
	Carrier Frequency 
	Sub-carrier Spacing
(kHz)
	Link Level Results
	System Level Results

	
	
	
	Tx Ports  (UE)
	Rx Ports
(gNB) 
	Min. SINR (dB)
	50th % Pre-Processing SINR (dB)
	gNB Antenna Configuration
(M,N,P,Mp,Np)
	Power Control

 

	Indoor Hotspot
 (10 km/hr)
	4 GHz, 
12 TRxP 
(Config. A)
	15
	2
	8
	2.9
	9.5
	(8,8,2,2,2)
DFT beam switching
	(0.9,-90)

	
	
	30
	
	
	2.8
	9.19
	
	

	
	4 GHz, 
36 TRxP
(Config. A)
	15
	
	
	2.9
	3.29
	(16,4,2,2,2)
Single Beam
110 downtilt
	

	
	
	30
	
	
	2.8
	3.18
	
	

	
	30 GHz, 
12 TRxP
 (Config. C)
	60
	
	
	3.5
	16.76
	(4,4,2,2,2)
DFT beam switching
	(0.8,-70)

	
	
	120
	
	
	3.1
	16.43
	
	

	
	30 GHz, 
36 TRxP
 (Config. C)
	60
	
	
	3.5
	13.91
	(8,4,2,2,2)
DFT beam switching
	(0.7,-80)

	
	
	120
	
	
	3.1
	13.29
	
	

	Dense Urban
(30 km/hr)
	4 GHz
(Config. A)
	15
	
	
	1.0
	4.02
	(16,2,2,2,2)
Single Beam
102 downtilt
	(0.9,-90)

	
	
	30
	
	
	0.9
	3.93
	
	

	
	30 GHz
(Config. C)
	60
	
	
	1
	10.56
	(16,8,2,2,2,2)
DFT beam
switching
	(0.7,-80)

	
	
	120
	
	
	1
	7.82
	
	

	Rural Macro
(120 km/hr)
	700 MHz
(Config. A)
	15
	
	
	-1.2
	7.34
	(8,2,2,2,2)
Single Beam
100 downtilt
	(0.9,-90)

	
	
	30
	
	
	-0.9
	7.17
	
	

	
	4 GHz
(Config. B)
	15
	
	
	-1.5
	7.97
	(16,2,2,2,2)
Single Beam
100 downtilt
	

	
	
	30
	
	
	-1.2
	7.1
	
	

	Rural Macro
(500 km/hr)
	700 MHz 
(Config. A)
	15
	
	
	-4.7
	7.34
	(8,2,2,2,2)
Single Beam
100 downtilt
	
(0.9,-90)

	
	
	30
	
	
	-4.6
	7.17
	
	

	
	4 GHz
(Config. B)
	15
	
	
	-3.2
	7.97
	(16,2,2,2,2)
Single Beam
100 downtilt
	

	
	
	30
	
	
	-4.4
	7.1
	
	


Based on the results presented in Table 2, we observe that the 50th percentile pre-processing SINR SLS is greater than the minimum SINR (LLS) required to achieve the target normalized PUSCH data rate for all cases. 
Observation 1:
NR can meet the mobility requirement for all possible test environments and configurations. 
Link Level Simulation Assumptions: For link level simulations, 2 TXU at the UE and 8 RXU at the gNB is assumed for the results presented in Table 2. A more detailed summary of link level evaluation assumption and results are provided in Sections 6.1 and 6.2 respectively. 


System Level Simulation Assumptions: For system level simulations, the antenna configuration of the UE at FR1 (carrier frequency below 6 GHz) is  with 2 TXU at the UE. At FR2 (carrier frequency of 30 GHz), two opposite facing panels with the per-panel antenna configuration of   is used with UE having 2 TXU due to panel selection and single panel operation. For each of the test environments and related evaluation configurations, the evaluation assumptions in [3] are followed. The power control parameters for open loop uplink power control are detailed in Table 2. For the uplink SINR evaluation, we assume round robin scheduling and that one UE from each of the non-serving cells interferes with the serving gNB. 
Conclusions  
In this paper, we have evaluated the IMT-2020 mobility requirement for NR. Through extensive link and system level simulations, it was shown that NR can meet the mobility requirement for all test environments and evaluation configurations.
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Appendix
In this appendix, we provide detailed simulation assumptions for link level evaluations and corresponding results, a subset of which were used in Section 3 to show that NR can meet mobility requirements for IMT-2020 self-evaluation.
1 
2 
3 
4 
5 
6 
[bookmark: _Ref521455097]Link Level Simulation Assumptions
Indoor Hotspot

	Assumption
	Value

	Scenario
	Indoor Hotspot

	Mobility (km/h)
	3

	UL waveform
	CP-OFDM

	Carrier frequency (GHz)
	4
	30

	Numerology
	0
	1
	2
	3

	Subcarrier spacing (KHz)
	15
	30
	60
	120

	System bandwidth (MHz)
	10
	10
	10
	50

	Channel model
	TDL-i (TDL-A)
	TDL-i (TDL-A)
	TDL-i (TDL-A)
	TDL-i (TDL-A)

	Delay spread (ns)
	39
	39
	26
	26

	Channel coding
	LDPC

	Antenna configuration
	2Tx 8Rx

	Data bandwidth
	6 PRBs
	6 PRBs
	6 PRBs
	12 PRBs

	Modulation
	16QAM
	16QAM
	16QAM
	16QAM

	DMRS configuration
	NR Type 1
DMRS symbol position [3rd, 6th, 9th, 12th]

	Channel estimation
	MMSE-Block (No PRB bundling)

	Transmission scheme
	1 layer transmission

	HARQ
	No HARQ

	Link adaptation
	Fixed MCS



Dense Urban

	Assumption
	Value

	Scenario
	Dense Urban

	Mobility (km/h)
	30

	UL waveform
	CP-OFDM

	Carrier frequency (GHz)
	4
	30

	Numerology
	0
	1
	2
	3

	Subcarrier spacing (KHz)
	15
	30
	60
	120

	System bandwidth (MHz)
	10
	10
	10
	50

	Channel model
	TDL-iii (TDL-C)
	TDL-iii (TDL-C)
	TDL-iii (TDL-C)
	TDL-iii (TDL-C)

	Delay spread (ns)
	363
	363
	263
	263

	Channel coding
	LDPC

	Antenna configuration
	2Tx 8Rx

	Data bandwidth
	6 PRBs
	6 PRBs
	6 PRBs
	12 PRBs

	Modulation
	16QAM
	16QAM
	16QAM
	16QAM

	DMRS configuration
	NR Type 1
DMRS symbol position [3rd, 6th, 9th, 12th]

	Channel estimation
	MMSE-Block (No PRB bundling)

	Transmission scheme
	1 layer transmission

	HARQ
	No HARQ

	Link adaptation
	Fixed MCS


Rural (120kmh)

	Assumption
	Value

	Scenario
	Rural

	Mobility (km/h)
	120

	UL waveform
	CP-OFDM

	Carrier frequency (GHz)
	0.7
	4

	Numerology
	0
	1
	0
	1

	Subcarrier spacing (KHz)
	15
	30
	15
	30

	System bandwidth (MHz)
	10
	10
	10
	10

	Channel model
	TDL-iii (TDL-C)
	TDL-iii (TDL-C)
	TDL-iii (TDL-C)
	TDL-iii (TDL-C)

	Delay spread (ns)
	37
	37
	37
	37

	Channel coding
	LDPC

	Antenna configuration
	2Tx 8Rx

	Data bandwidth
	6 PRBs
	6 PRBs
	6 PRBs
	6 PRBs

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK

	DMRS configuration
	NR Type 1
DMRS symbol position [3rd, 6th, 9th, 12th]

	Channel estimation
	MMSE-Block (No PRB bundling)

	Transmission scheme
	1 layer transmission

	HARQ
	No HARQ

	Link adaptation
	Fixed MCS



Rural (500kmh)

	Assumption
	Value

	Scenario
	Rural

	Mobility (km/h)
	500

	UL waveform
	CP-OFDM

	Carrier frequency (GHz)
	0.7
	4

	Numerology
	0
	1
	0
	1

	Subcarrier spacing (KHz)
	15
	30
	15
	30

	System bandwidth (MHz)
	10
	10
	10
	10

	Channel model
	TDL-iii (TDL-C)
	TDL-iii (TDL-C)
	TDL-iii (TDL-C)
	TDL-iii (TDL-C)

	Delay spread (ns)
	37
	37
	37
	37

	Channel coding
	LDPC

	Antenna configuration
	2Tx 8Rx

	Data bandwidth
	6 PRBs
	6 PRBs
	6 PRBs
	6 PRBs

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK

	DMRS configuration
	NR Type 1
DMRS symbol position [3rd, 6th, 9th, 12th]

	Channel estimation
	MMSE-Block (No PRB bundling)

	Transmission scheme
	1 layer transmission

	HARQ
	No HARQ

	Link adaptation
	Fixed MCS









[bookmark: _Ref521455100]Detailed Link Level Simulation Results
In this section, we provide an extensive set of link level evaluations.

Summary of SINR vs. BLER (CP-OFDM)
The following table shows the summary of the required SINR (in dB) to achieve a BLER of 10-2 and the target normalized PUSCH link data rates from Table 1, for different scenarios with CP-OFDM waveform and under different channel estimation assumptions.
Required SINR for achieving 10-2 BLER
	
	Indoor Hotspot (10 km/h)
	Dense Urban (30 km/h)
	Rural (120 km/h)
	Rural (500 km/h)

	Fc (GHz)
	4
	30
	4
	30
	0.7
	4
	0.7
	4

	SCS (KHz)
	15
	30
	60
	120
	15
	30
	60
	120
	15
	30
	15
	30
	15
	30
	15
	30

	Perfect
	8
	7.8
	8.2
	7
	5.5
	4.8
	4.7
	3.8
	3.9
	3.2
	2.5
	2.9
	-1
	-0.6
	-2.5
	-1.5

	DMRS
Config 1
	8.4
	7.8
	8.4
	7.2
	5.7
	5.2
	5.2
	4.9
	4.1
	3.6
	3.1
	3.5
	0
	0.1
	>10
	7.4

	DMRS
Config 2
	8.4
	7.9
	8.4
	7.2
	5.7
	5.4
	5.2
	4.9
	4.3
	3.7
	2.8
	3.7
	-0.2
	0.2
	0
	-0.9



The following DMRS configuration were used for the simulations: 
· DMRS Configuration 1: NR-Type 1 DMRS, Number of symbols: 2, Symbol position: [3rd 12th]
· DMRS Configuration 2: NR-Type 1 DMRS, Number of symbols: 1, Symbol position: [3rd, 6th, 9th, 12th]

Table 2 shows the required SINR (dB) to achieve the BLER of 10-2 for different scenarios with CP-OFDM waveform with different number of Rx antenna ports (baseband) at the gNB.

Required SINR for 10-2 BLER with DMRS Configuration 2 and different Rx Ports at gNB
	
	Indoor Hotspot (10 km/h)
	Dense Urban (30 km/h)
	Rural (120 km/h)
	Rural (500 km/h)

	Fc (GHz)
	4
	30
	4
	30
	0.7
	4
	0.7
	4

	SCS (KHz)
	15
	30
	60
	120
	15
	30
	60
	120
	15
	30
	15
	30
	15
	30
	15
	30

	4 Rx
	8.4
	7.9
	8.4
	7.2
	5.7
	5.4
	5.2
	4.9
	4.3
	3.7
	2.8
	3.7
	-0.2
	0.2
	0
	-0.9

	8 Rx
	2.9
	2.8
	3.5
	3.1
	1.0
	0.9
	1
	1
	-1.2
	-0.9
	-1.5
	-1.2
	-4.7
	-4.6
	-3.2
	-4.4

	16 Rx
	-0.6
	-0.4
	-0.4
	-0.8
	-3.0
	-2.8
	-2.7
	-2.2
	-4.2
	-4.9
	-4.9
	-5.1
	-7
	-8.3
	-6.3
	-6.8















Indoor Hotspot (CP-OFDM)

Fc = 30 GHz, SCS = 60 KHz, TDL-A

	
	Spectral efficiency
	BLER

	10km/h, Delay spread scaling  =  26 ns
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	Impact of different No. of Rx antenna
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Fc = 30 GHz, SCS = 120 KHz, TDL-A

	
	Spectral efficiency
	BLER

	10km/h, Delay spread scaling  =  26 ns
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	Impact of different No. of Rx antenna
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Fc = 4 GHz, SCS = 15 KHz, TDL-A

	
	Spectral efficiency
	BLER

	10km/h, Delay spread scaling  =  39 ns
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	Impact of different No. of Rx antenna
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Fc = 4 GHz, SCS = 30 KHz, TDL-A
Number of Tx antenna: 2; Number of Rx antenna: 4
Channel coding: LDPC
DMRS Configuration 1: NR-Type 1, Number of symbols: 2, Symbol position: [3rd 12th]
DMRS Configuration 2: NR-Type 1, Number of symbols: 1, Symbol position: [3rd, 6th, 9th, 12th]
	
	Spectral efficiency
	BLER

	10km/h, Delay spread scaling  =  39 ns
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	Impact of different No. of Rx antenna
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Dense Urban (CP-OFDM)
Fc = 30 GHz, SCS = 60 KHz, TDL-C

	
	Spectral efficiency
	BLER

	30km/h, Delay spread scaling  =  263 ns
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	Impact of different No. of Rx antenna
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Fc = 30 GHz, SCS = 120 KHz, TDL-C

	
	Spectral efficiency
	BLER

	30km/h, Delay spread scaling  =  263 ns
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	Impact of different No. of Rx antenna
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Fc = 4 GHz, SCS = 15 KHz, TDL-C

	
	Spectral efficiency
	BLER

	30km/h, Delay spread scaling  =  363 ns
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	Impact of different No. of Rx antenna
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Fc = 4 GHz, SCS = 30 KHz, TDL-C

	
	Spectral efficiency
	BLER

	30km/h, Delay spread scaling  =  363 ns
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	Impact of different No. of Rx antenna
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Rural (120 kmh) (CP-OFDM)
Fc = 4 GHz, SCS = 15 KHz, TDL-C

	
	Spectral efficiency
	BLER

	120km/h, Delay spread scaling  =  37 ns
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	Impact of different No. of Rx antenna
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Fc = 4 GHz, SCS = 30 KHz, TDL-C

	
	Spectral efficiency
	BLER

	120km/h, Delay spread scaling  =  37 ns
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	Impact of different No. of Rx antenna
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Fc = 700MHz, SCS = 15 KHz, TDL-C

	
	Spectral efficiency
	BLER

	120km/h, Delay spread scaling  =  37 ns
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	Impact of different No. of Rx antenna
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Fc = 700MHz, SCS = 30 KHz, TDL-C

	
	Spectral efficiency
	BLER

	120km/h, Delay spread scaling  =  37 ns
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	Impact of different No. of Rx antenna
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Rural (500 kmh) (CP-OFDM)
Fc = 4 GHz, SCS = 15 KHz, TDL-C

	
	Spectral efficiency
	BLER

	500km/h, Delay spread scaling  =  37 ns
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	Impact of different No. of Rx antenna
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Fc = 4 GHz, SCS = 30 KHz, TDL-C

	
	Spectral efficiency
	BLER

	500km/h, Delay spread scaling  =  37 ns
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	Impact of different No. of Rx antenna
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Fc = 700MHz, SCS = 15 KHz, TDL-C

	
	Spectral efficiency
	BLER

	500km/h, Delay spread scaling  =  37 ns
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	Impact of different No. of Rx antenna
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Fc = 700MHz, SCS = 30 KHz, TDL-C

	
	Spectral efficiency
	BLER

	500km/h, Delay spread scaling  =  37 ns
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	Impact of different No. of Rx antenna
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Perfect channel estimation
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Perfect channel estimation

MMSE-Block, DMRS Config 1

MMSE-Block, DMRS Config 2
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Perfect channel estimation

MMSE-Block, DMRS Config 1
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