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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, the considerations on self evaluation and evaluation results for mobility is presented.
Evaluation method
The general evaluation method and procedure for mobility evaluation is defined in Report ITU-R M.2412 [1]. This procedure includes system level simulation (SLS) part and link level simulation (LLS) part. In RAN1#92bis meeting, the detailed evaluation method and parameters for these two parts are discussed [2].
For SLS part, the pre-processing SINR is used. The pre-processing SINR is defined on an Rx antenna port with respect to a Tx antenna port. The details of calculating pre-processing SINR is refer to Section 2.1.1 in [2].
For LLS part, the antenna pattern options are proposed, and inter-port distance is specified. There are three options for the use of antenna port pattern [2]. 0dBi omni-directional gain is assumed for Tx and Rx antenna ports is used in this contribution.
The evaluation method in [2] is used to derive the evaluation results in this contribution.
[bookmark: _Ref129681832]Mean ZoD spread of system level channel model
In [2], there is a remaining issue on mean value of ZoD spread. According to ITU-R guideline, the ZoD spread in link level channel model should be scaled to the mean value in system level channel model. It is agreed in [2] that,
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)


Detailed method of deriving mean value of ZoD spread for LOS and NLOS
In link level simulation, LOS and NLOS channel will be evaluated separately. Therefore, the mean value of ZoD spread should be derived for LOS and NLOS, separately. Based on the above agreement, the detailed derivation is as follows:
· In the UE drop in system level simulation, determine “LOS” UE and “NLOS” UE according to LOS probability from system level channel model (“LOS UE” means the channel state is LOS for UE to its serving TRxP; “NLOS UE” means the channel state is NLOS for UE to its serving TRxP)
· Assume there are N “LOS” UEs, and M “NLOS” UEs; N+M=570 for dense urban and rural test environment. Calculate the value of lgZSD for “LOS” UE and “NLOS” UE according to “LOS” and “NLOS” column in Table 1 or Table 2, respectively. 
· Plot CDF of lgZSD for “LOS” UEs, based on the N samples, and find the 50%-tile point as the mean value of ZoD spread in case of LOS. Similarly, plot CDF of lgZSD for “NLOS” UEs, based on the M samples, and find the 50%-tile point as the mean value of ZoD spread in case of NLOS.
Proposal 1: Use the detailed method shown in Section 3.1 to derive the mean value of ZoD spread for LOS and NLOS.
The results of mean value of ZoD spread
According to the above-mentioned method, the mean value of ZoD in degree is shown is Table 3 (see gray grids), and the CDF figures are provided in Appendix 1. 
Table 3 Mean value of ZoD spread for Dense Urban and Rural – eMBB test environment
	Parameters
	Dense Urban-eMBB
	Rural-eMBB

	
	Config A
(4 GHz)
	Config B
(30 GHz)
	Config A/B
(700 MHz/4 GHz)

	Link-level Channel model
	LOS: CDL/TDL-v
	NLOS: CDL/TDL-iii
	LOS: CDL/TDL-v
	NLOS: CDL/TDL-iii
	LOS: CDL/TDL-v
	NLOS: CDL/TDL-iii

	ZoD angular spreads scaling parameter [image: ] 
(degree)
	3.3
	4.6
	TBD from 50%-tile point of CDF of ZoD spread
	TBD from 50%-tile point of CDF of ZoD spread
	1.25
	1.44


Evaluation results 
SINR distribution
In this section, the evaluation results for mobility is provided. In Figure 1, the pre-processing SINR CDFs for eMBB test environment are provided. The assumptions are provided in Appendix 2.
[image: ][image: ]
(a) Rural – eMBB (700 MHz)                                        (b) Rural – eMBB (4 GHz)
[image: ][image: ]
                          (c) Dense Urban – eMBB (4 GHz)                               (d) Indoor Hotspot – eMBB (4 GHz)
[bookmark: _Ref510626396]Figure 1 UL SINR distribution for eMBB test environments
Based on the above figures, the 50%-tile point of the CDF for different test environments are listed in Table 4.
Table 4 The 50%-tile point of SINR CDF for different test environments
	Test environment
	Evaluation configuration
	UE mobility
	50%-tile point of SINR CDF (dB)

	
	
	
	Channel model A
	Channel model B

	Rural – eMBB
	Config. A (700 MHz)
	120 km/h
	10.21
	10.14

	
	
	500 km/h
	9.67
	9.65

	Rural - eMBB
	Config. B (4 GHz)
	120 km/h
	4.66
	4.50

	
	
	500 km/h
	2.90
	2.72

	Dense Urban – eMBB
	Config. A (4 GHz)
	30 km/h
	5.52
	5.32

	Indoor Hotspot – eMBB (12 TRxP)
	Config. A (4 GHz)
	10 km/h
	3.90
	3.95

	Indoor Hotspot – eMBB (36 TRxP)
	Config. A (4 GHz)
	10 km/h
	-0.21
	-0.07


Link performance
In this section, the uplink link level evaluation results for mobility is provided, and the results of NR for different test environments are listed in Table 5, the results of LTE are listed in Table 6.
Table 5 The uplink link level evaluation results for different test environments for NR
	Test environment
	ITU requirement (bit/s/Hz)
	Evaluation configuration
	Channel Model
	50%-tile point of SINR CDF (dB)
	Uplink SE (bit/s/Hz)

	
	
	
	
	
	FDD
	TDD

	
	
	
	
	
	NLOS
	LOS
	NLOS
	LOS

	Indoor Hotspot –eMBB 
(12 TRxP)
	1.5
	Config. A
(4 GHz)
	Channel model A
	3.90
	1.75 
	2.05 
	1.59 
	1.94 

	
	
	
	Channel model B
	3.95
	1.75 
	2.07 
	1.60 
	1.95 

	Dense Urban – eMBB
	1.12
	Config. A
(4 GHz)
	Channel model A
	5.52
	1.92 
	2.22 
	1.82 
	2.17 

	
	
	
	Channel model B
	5.32
	1.89 
	2.19 
	1.79 
	2.06 

	Rural –eMBB 
(120 km/h)
	0.8
	Config. A
(700 MHz)
	Channel model A
	10.21
	2.32 
	2.90 
	2.10 
	2.63 

	
	
	
	Channel model B
	10.14
	2.31 
	2.90 
	2.09 
	2.63 

	
	
	Config. B
(4 GHz)
	Channel model A
	4.66
	1.30 
	1.74 
	1.18 
	1.57 

	
	
	
	Channel model B
	4.50
	1.28 
	1.68 
	1.16 
	1.52 

	Rural –eMBB 
(500 km/h)
	0.45
	Config. A
(700 MHz)
	Channel model A
	9.67
	2.07 
	2.64 
	1.88 
	2.39 

	
	
	
	Channel model B
	9.65
	2.07 
	2.64 
	1.87 
	2.39 

	
	
	Config. B
(4 GHz)
	Channel model A
	2.90
	0.92 
	1.33 
	0.84 
	1.22 

	
	
	
	Channel model B
	2.72
	0.91 
	1.33 
	0.83 
	1.22 


Observation 1: NR can fulfill the mobility requirements of IMT-2020 in all test environments.

Table 6 The uplink link level evaluation results for different test environments for LTE
	Test environment
	ITU requirement (bit/s/Hz)
	Evaluation configuration
	Channel Model
	50%-tile point of SINR CDF (dB)
	Uplink SE (bit/s/Hz)

	
	
	
	
	
	FDD
	TDD

	
	
	
	
	
	NLOS
	LOS
	NLOS
	LOS

	Rural –eMBB 
(120 km/h)
	0.8
	Config. A
(700 MHz)
	Channel model A
	10.21
	2.20 
	2.79 
	1.96 
	2.49 

	
	
	
	Channel model B
	10.14
	2.19 
	2.79 
	1.94 
	2.49 

	Rural –eMBB 
(500 km/h)
	0.45
	Config. A
(700 MHz)
	Channel model A
	9.67
	1.94 
	2.59 
	1.73 
	2.31 

	
	
	
	Channel model B
	9.65
	1.93 
	2.59 
	1.72 
	2.31 


Observation 2: LTE can fulfill the mobility requirements of IMT-2020 in Rural–eMBB test environment.
Summary
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this document, the consideration and evaluation results on mobility is provided. The following proposals are made.
Proposal 1: Use the detailed method shown in Section 3.1 to derive the mean value of ZoD spread for LOS and NLOS.
[bookmark: _GoBack]Observation 1: NR can fulfill the mobility requirements of IMT-2020 in all test environments.
Observation 2: LTE can fulfill the mobility requirements of IMT-2020 in Rural–eMBB test environment.
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Appendix 1 	CDF for ZoD spread for LOS and NLOS
The CDF of mean value of ZoD spread for LOS and NLOS for Rural and Dense Urban test environment are plotted from Figure A1-1 to Figure A1-3, respectively.
[image: ] 
Figure A1-1 Mean value of ZoD (degree) for Rural (4 GHz) 
[image: ]
Figure A1-2 Mean value of ZoD (degree) for Rural (700 MHz) 

[image: ]
Figure A1-3 Mean value of ZoD (degree) for Dense Urban (4 GHz) 
Appendix 2 	Simulation assumption of SLS part for mobility 
The simulation assumption of system level part for mobility evaluation is listed in Table A2-1.
Table A2-1. Simulation assumptions of SLS
	
	Indoor Hotspot – eMBB
	Dense urban - eMBB
	Rural - eMBB

	Evaluation configuration
	Configuration A,
 Configuration B
	Configuration A
 
	Configuration A,
 Configuration B

	Carrier frequency for evaluation
	4 GHz
	4 GHz
	Configuration A :700 MHz
Configuration B : 4 GHz

	Multiple access
	OFDMA
	OFDMA
	OFDMA

	Duplexing 
	FDD, TDD
	FDD, TDD
	FDD, TDD

	Transmission scheme
	UL SIMO
	UL SIMO
	UL SIMO

	BS antenna height
	3m
	25 m
	35 m

	Total transmit power per TRxP
	21 dBm for 10 MHz bandwidth
	41 dBm for 10 MHz bandwidth
	46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm
	23 dBm
	23 dBm

	Percentage of high loss and low loss building type
	-
	20% high loss, 80% low loss (applies to Channel model B)
	100% low loss (applies to Channel model B)

	Inter-site distance
	20 m
	200 m
	1732 m

	Number of antenna elements per TRxP
	32 Tx/Rx, (M,N,P,Mg,Ng) = (4,4,2,1,1), (dH,dV) = (0.5, 0.5)λ
+45°, -45° polarization
	64 Tx/Rx, (M,N,P,Mg,Ng) = (8,4,2,1,1), (dH,dV) = (0.5, 0.8)λ
+45°, -45° polarization
	32 Tx/Rx, (M,N,P,Mg,Ng) = (8,2,2,1,1), (dH,dV) = (0.5, 0.8)λ
+45°, -45° polarization

	Number of TXRU per TRxP
	8TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)
	8TXRU, (Mp,Np,P,Mg,Ng) = (1,4,2,1,1)
	4TXRU, (Mp,Np,P,Mg,Ng) = (1,2,2,1,1)

	Number of UE antenna elements
	1Tx/Rx, (M,N,P,Mg,Ng) = (1,1,1,1,1)
	1Tx/Rx, (M,N,P,Mg,Ng) = (1,1,1,1,1)
	1Tx/Rx, (M,N,P,Mg,Ng) = (1,1,1,1,1)

	Device deployment
	100% indoor
Randomly and uniformly distributed over the area
	80% indoor, 20% outdoor (in car)
Randomly and uniformly distributed over the area under Macro layer
	50% indoor, 50% outdoor (in car)
Randomly and uniformly distributed over the area

	UE speeds of interest
	10 km/h
	30 km/h;
	120 km/h;500km/h;

	Traffic model
	Full buffer
	Full buffer
	Full buffer

	Simulation bandwidth
	For FDD: 10 MHz
For TDD: 20 MHz
	For FDD: 10 MHz
For TDD: 20 MHz
	For FDD: 10 MHz
For TDD: 20 MHz

	UE density
	10 UEs per TRxP
	10 UEs per TRxP
	10 UEs per TRxP

	UE antenna height
	1.5 m
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5;
nfl ~ uniform(1,Nfl) where
Nfl ~ uniform(4,8)
	1.5 m

	Channel model variant
	Alt. 1: Channel model A
Alt. 2: Channel model B
	Alt. 1: Channel model A
Alt. 2: Channel model B
	Alt. 1: Channel model A
Alt. 2: Channel model B

	TRxP number per site
	1 or 3
	3
	3

	Mechanic tilt
	For 1 TRxP per site:180° in GCS (pointing to the ground)
For 3 TRxPs per site: 110°
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	90° in LCS
	105° in LCS
	100° in LCS

	Handover margin (dB)
	1
	1
	1

	TRxP boresight
	For 1 TRxP per site::-
For 3 TRxP per site: 30 / 150 / 270 degrees
	30 / 150 / 270 degrees
	30 / 150 / 270 degrees

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0

	Wrapping around method
	No wrapping around
	Geographical distance based wrapping
	Geographical distance based wrapping

	Minimum distance of TRxP and UE
	d2D_min=0m
	d2D_min=10m
	d2D_min=10m

	Polarized antenna model
	Model-2 in TR36.873
	Model-2 in TR36.873
	Model-2 in TR36.873

	Power control parameters
	= 0.6,  P0 = -60 dBm
	= 0.9,  P0 = -86 dBm
	For 700 MHz := 0.8,  P0 = -76 dBm
For 4 GHz := 0.6,  P0 = -60 dBm

	Numerology
	For FDD: One slot with 15 kHz SCS
For TDD: One slot with 30 kHz SCS
	For FDD: One slot with 15 kHz SCS
For TDD: One slot with 30 kHz SCS
	For 700 MHz:
· 120 km/h: one slot with 15 kHz SCS
· 500 km/h: one slot with 30 kHz SCS
For 4 GHz:
· 120 km/h: one slot with 30 kHz SCS
· 500 km/h: one slot with 60 kHz SCS

	Scheduling
	PF
	PF
	PF

	Receiver
	MMSE-IRC
	MMSE-IRC
	MMSE-IRC

	Pre-processing SINR calculation
	Aligned with Section 2.1.1 in R1-1805643
	Aligned with Section 2.1.1 in R1-1805643
	Aligned with Section 2.1.1 in R1-1805643


Appendix 3 	Simulation assumption of LLS part for mobility 
The simulation assumption of link level part for mobility evaluation is listed in Table A3-1.
Table A3-1. Simulation assumptions of LLS
	
	Indoor Hotspot – eMBB
	Dense urban - eMBB
	Rural – eMBB 

	Carrier frequency for evaluation
	4 GHz
	4 GHz
	Configuration A :700 MHz
Configuration B : 4 GHz (for NR only)

	RIT
	NR
	NR
	NR
	LTE

	Waveform
	CP-OFDM
	CP-OFDM
	CP-OFDM
	DFT-S-OFDM

	Duplexing 
	FDD, TDD
	FDD, TDD
	FDD, TDD
	FDD, TDD

	TDD frame structure
	DDDSU
	DDDSU
	DDDSU
	DSUDD

	Evaluated service profiles
	Full buffer best effort
	Full buffer best effort
	Full buffer best effort
	Full buffer best effort

	Simulation bandwidth
	10 MHz
	10 MHz
	10 MHz
	10 MHz

	Number of users in simulation
	1
	1
	1
	1

	Link-level Channel model
	NLOS: CDL-i
LOS: CDL-iv
	NLOS: CDL-iii
LOS: CDL-v
	NLOS: CDL-iii
LOS: CDL-v
	NLOS: CDL-iii
LOS: CDL-v

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

	Subcarrier spacing
	For FDD: 15 kHz
For TDD: 30 kHz
	For FDD: 15 kHz
For TDD: 30 kHz
	For 700 MHz:
· 120 km/h: 15 kHz
· 500 km/h: 30 kHz
For 4 GHz:
· 120 km/h: 30 kHz
· 500 km/h: 60 kHz
	15 kHz

	Symbols number per slot
	14
	14
	14
	14

	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)
	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)
	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
	Option 1: 0dBi Omni-directional

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

	Transmission mode
	SIMO
	SIMO
	SIMO
	SIMO

	Transmission rank
	Rank 1
	Rank 1
	Rank 1
	Rank 1

	UL precoder
	-
	-
	-
	-

	TRxP receiver type
	MMSE-IRC
	MMSE-IRC
	MMSE-IRC
	MMSE-IRC

	Channel estimation
	LMMSE
	LMMSE
	LMMSE
	LMMSE

	Number of subcarriers per PRB
	12
	12
	12
	12

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

	Link adaptation
	Yes
	Yes
	Yes
	Yes

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

	DMRS configuration
	2 symbol DMRS (front loaded and one additional) with configuration type 2, no FDM with data and full power utilization in DMRS symbols
	2 symbol DMRS (front loaded and one additional) with configuration type 2, no FDM with data and full power utilization in DMRS symbols
	- For 4GHz 500km/h: 4 symbol DMRS (front loaded and 3 additional) with configuration type 2, no FDM with data and full power utilization in DMRS symbols
- Others: 2 symbol DMRS (front loaded and one additional) with configuration type 2, no FDM with data and full power utilization in DMRS symbols
	2 symbol DMRS

	Other overhead
	- SRS: 2 symbols per 5 slots. For TDD, the 2 symbols are the 2 uplink symbols in S sub-frame
- PUCCH :2 RB in 10MHz bandwidth 
	- SRS: 2 symbols per 5 slots. For TDD, the 2 symbols are the 2 uplink symbols in S sub-frame
- PUCCH :2 RB in 10MHz bandwidth
	- SRS: 2 symbols per 5 slots. For TDD, the 2 symbols are the 2 uplink symbols in S sub-frame
- PUCCH :2 RB in 10MHz bandwidth
	- SRS: 
FDD: 1 symbols per 5 slots. 
TDD: 2 symbols per 5 slots in the S sub-frame
- PUCCH :2 RB in 10MHz bandwidth
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