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1 Introduction

For evaluation purpose, RAN1 had much progress during NR SI. For example, channel model for above 6GHz (i.e. below 6GHz can reuse 3D SCM) are defined in [1] and evaluation scenarios (e.g. UMi/UMa/Indoor) are defined in [2]. RAN2 does not have a common evaluation methodology for NR mobility in order to meet NR requirement [3] and develop working solution for high-frequency mobility. 
In this contribution, we introduce RAN1 evaluation assumptions related to NR mobility study and propose to develop RAN2 evaluation methodology based on RAN1 TR [2].
2  Discussion
2.1 NR Channel model in TR38.900
In NR, channel model study is mainly for above 6GHz. The following large scale models can be considered for NR mobility study.
· Pathloss
The pathloss models which indicates decreased signal strength in power by propagation distance are summarized in Table 1. Note that the distribution of the shadow fading is log-normal, and its standard deviation for each scenario is also given in the table.
· LOS probability
The Line-Of-Sight (LOS) probabilities are given in Table 2. Typically, the LOS probability is defined by a decreasing function of distance.
· O-to-I penetration loss

The pathloss incorporating O-to-I building penetration loss is modelled as in the following:
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where 
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 is the basic outdoor path loss given in Table 1. 
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 is the building penetration loss through the external wall, 
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  is the inside loss dependent on the depth into the building, and σP  is the standard deviation for the penetration loss. The parameters depend on the material of the building.
Table 1. Pathloss models [1]
	Scenario
	LOS/NLOS
	Pathloss [dB], fc is in GHz and d is in meters (6)
	Shadow 

fading 

std [dB]
	Applicability range, 

antenna height 

default values 

	RMa
	LOS
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h = avg. building height

W = avg. street width

The applicability ranges: 
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Explanations: see note 3
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	UMi - Street Canyon
	LOS
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Explanations: see note 4
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	InH - Shopping mall
	LOS
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	Note 1:
Breakpoint distance d'BP  = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0(108 m/s is the propagation velocity in free space, and h'BS and h'UT are the effective antenna heights at the BS and the UT, respectively.  The effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – hE, h'UT = hUT – hE, where hBS and hUT  are the actual antenna heights, and hE is the effective environment height. . For UMi hE = 1.0m. For UMa hE=1m with a probability equal to 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution uniform(12,15,…,(hUT-1.5)) otherwise. With C(d2D, hUT) given by
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Note 2:
The applicable frequency range of the PL formula in this table is 0.8 < fc < fH GHz, where fH = 30 GHz for RMa and fH = 100 GHz for all the other scenarios. It is noted that RMa pathloss model for >7 GHz is validated based on a single measurement campaign conducted at 24 GHz.

Note 3:
UMa NLOS pathloss is from TR36.873 with simplified format and and PLUMa-LOS = Pathloss of UMa LOS outdoor scenario.

Note 4:
PLUMi-LOS = Pathloss of  UMi-Street Canyon LOS outdoor scenario.

Note 5:
Break point distance dBP  = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0 ( 108 m/s is the propagation velocity in free space, and hBS and hUT are the antenna heights at the BS and the UT, respectively.
Note 6:
fc  denotes the center frequency normalized by 1GHz, all distance related values are normalized by 1m, unless it is stated otherwise.


Table 2. LOS probability [1]
	Scenario
	LOS probability (distance is in meters)

	RMa
	
[image: image65.wmf]ï

î

ï

í

ì

<

÷

ø

ö

ç

è

æ

-

-

£

=

D

D

D

LOS

d

d

d

P

2

2

2

m

10

,

1000

10

exp

m

10

,

1



	UMi – Street canyon
	Outdoor users:


[image: image66.wmf]ï

î

ï

í

ì

<

÷

÷

ø

ö

ç

ç

è

æ

-

÷

ø

ö

ç

è

æ

-

+

£

=

D

D

D

D

D

LOS

d

d

d

d

d

P

2

2

2

2

2

m

18

,

18

1

36

exp

18

m

18

,

1


Indoor users:

Use d2D-out in the formula above instead of d2D

	UMa
	Outdoor users:
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Indoor users:
Use d2D-out in the formula above instead of d2D

	Indoor - Mixed office
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	Indoor – Open office
	
[image: image70.wmf]ï

ï

ï

î

ï

ï

ï

í

ì

<

×

÷

ø

ö

ç

è

æ

-

-

£

<

÷

ø

ö

ç

è

æ

-

-

£

=

D

D

D

D

D

office

Open

LOS

d

d

d

d

d

P

2

2

2

2

2

_

m

49

,

54

.

0

7

.

211

49

exp

m

49

m

5

,

8

.

70

5

exp

m

5

,

1



	Note:
The LOS probability is derived with assuming antenna heights of 3m for indoor, 10m for UMi, and 25m for UMa


· Autocorrelation of shadow fading

The long-term (log-normal) fading in the logarithmic scale around the mean path loss PL (dB) is characterized by a Gaussian distribution with zero mean and standard deviation. Due to the slow fading process versus distance x  (x is in the horizontal plane), adjacent fading values are correlated. Its normalized autocorrelation function R(x) can be described with sufficient accuracy by the exponential function ITU-R Rec. P.1816


[image: image71.wmf](

)

cor

d

x

x

R

D

-

=

D

e




with the correlation length dcor with range from 7m to 50m, depending on the environment. 
Observation 1: Four channel parameters (i.e. pathlos, LoS probability, O-to-I penetration loss and autocorrelation of shadow fading) related to mobility evaluations are defined as a large scale channel parameters.
· Fast fading model

The radio channel realizations based on 3D SCM (spatial channel model) are also defined. Detail is shown in section 7.5 in TR38.900[1].
· Additional modelling components 

The additional modelling components in this section are to support advanced simulations, such as simulations with very large arrays and large bandwidth, simulations affected by oxygen absorption (frequencies between 53 and 67 GHz), simulations in which spatial consistency is important (e.g. high number of closely located user), simulations of mobility, and simulations of blockage effects.
Observation 2: Fast fading model is defined as small scale parameters and additional modeling components for further detail consideration are also defined. 

2.2 Link level simulation assumptions 
For link level simulation, simulation assumptions for synchronization signal and random access are defined. The summaries are shown in Table 3 and 4. 
Table 3. Simulation assumptions for synchronization signals/channels [2]
	
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	4 GHz
	30, 70 GHz

	Channel Model
	CDL-C for 4 and 30 GHz, and CDL-D for 70 GHz (other CDL models are not precluded), AWGN

· with delay scaling values of 100 ns for 4 GHz, 30 ns for 30/70 GHz

· with combination of ASA and ASD scaling values in sec. 7.7.5.1 in 38.900, for above 6 GHz cases

	Subcarrier Spacing(s)
	15, 30, 60, 120, 240, or 480 kHz (to be clarified by each proponent; other values are not precluded)

	SNR range
	> -6dB
	> -18dB

	Search window
	The time window to search (correlate) NR-PSS. It depends on the periodicity of NR-SS transmission. The value needs to be provided by each proponent

	Antenna Configuration at the TRP
	(1,1,2) with omni-directional antenna element
	(4,8,2), with directional antenna element (HPBW=650, directivity 8dB)

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element
	(2,4,2), with directional antenna element (HPBW=900, directivity 5dB)

	Antenna port virtualization
	Clarified by each proponent in simulation assumptions 

(e.g. the beamforming method, beam directions, number of beams)

	Frequency Offset
	· Initial acquisition

· TRP: uniform distribution +/- 0.05 ppm

· UE: uniform distribution +/- 5, 10, 20  ppm (each company to choose one)

· Non-initial acquisition

· TRP: uniform distribution +/- 0.05 ppm

· UE: uniform distribution +/- 0.1 ppm

	Number of interfering TRPs 
	1. 0 TRP: mandatory

2. 2 interfering TRPs (1st SIR = 0dB, 2nd SIR = -3dB; SIR is defined as the ratio of power between a reference cell and interfered cell) – timing arrival differences from TRPs are provided by each proponent: optional
	1. 0 TRP




Table 4. Simulation assumptions for RACH [2]
	
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	4 GHz
	30, 70 GHz

	Channel Model
	CDL-C for 4 and 30GHz, CDL-D for 70 GHz (other CDL models are not precluded), AWGN

· with delay scaling values of 100 ns for 4 GHz, 30 ns for 30/70 GHz

· with combination of ASA and ASD scaling values in sec. 7.7.5.1 in 38.900, for above 6 GHz cases

	Antenna Configuration at the TRP
	(1,1,2) with omni-directional antenna element
	(4,8,2), with directional antenna element (HPBW=650, directivity 8dB)

	Antenna Configuration at the UE
	(1,1,2) with omni-directional antenna element
	(2,4,2), with directional antenna element (HPBW=900, directivity 5dB)

	Antenna port virtualization
	Clarified by each proponent in simulation assumptions 

(e.g. the beamforming method, beam directions, number of beams)

	Frequency Offset
	· +/- 0.05 ppm at TRP ,  +/-0.1 ppm at UE

	UE speed
	· 3km/h, 120km/h

· Other values are not precluded
	· 3km/h

· Other values are not precluded

	UE movement modeling
	· FFS

	Initial timing Offset
	· Timing uncertainty derived from cell radius 

· (e.g. for below 6 GHz, [-10us, +10us] for 3km cell radius)

· Companies report the assumed cell radius


Observation 3: Simulation assumptions are defined for synchronization signals/channel and RACH procedure to evaluate initial access.
2.3 System level simulation assumptions 
For system level simulation assumptions, detail in parameter is defined. Compared to link level simulation, assumptions for system level simulation define cell layout including ISD, number of cells, location of TRPs, etc. Table 5 shows system level evaluation assumptions for indoor hotspot, dense urban, rural, and urban macro scenarios. Also, Table 6 shows evaluation assumptions for multiple access scheme. Some parameters in those table may be related to mobility evaluation.
Table 5. System level evaluation assumptions for Indoor hotspot, Dense urban, Rural, and Urban macro [2]
	Parameters
	Indoor hotspot
	Dense urban
	Rural
	Urban macro

	Layout
	Single layer

Indoor floor: (12BSs per 120m x 50m)
Candidate TRP numbers: 3, 6, 12
	Single layer:

Macro layer: Hex. Grid

Two layer

Macro layer: Hex. Grid

Micro layer: Random drop (All micro BSs are all outdoor)

· 3 micro BSs per macro BS
· 6, or 9 micro BSs per macro BS (optional)
See Figures A.2.1-3, A.2.1-4 and Table A.2.1-8
	Single layer

Macro layer: Hex. Grid


	Single layer
Macro layer: Hex. Grid

	Inter-BS distance 
	20m
	Macro layer: 200m
	1732m for 4GHz and 1732m and 5km for 700 MHz
	500m

	Carrier frequency 
	4GHz, 30GHz, and 70GHz 
	Macro layer: 4GHz and 30GHz
Micro layer: 30GHz and 4GHz; 70 GHz (optional)
	4GHz and 700MHz
	4 GHz and 30GHz

	Aggregated system 
bandwidth
	4GHz: Up to 200MHz (DL+UL)
30GHz or 70GHz: Up to 1GHz (DL+UL) 
	4GHz: Up to 200MHz (DL+UL) 
30GHz and 70 GHz: Up to1GHz (DL+UL)
	700MHz: Up to 20MHz(DL+UL)
4GHz: Up to 200MHz (DL+UL)
 (Consider larger aggregated system bandwidth if 20MHz 
cannot meet requirement)
	4GHz: Up to 200 MHz (DL+UL)
30GHz: Up to 1GHz (DL+UL)

	Simulation bandwidth
	20MHz per CC below 6GHz and 80 MHz  per CC above 6GHz 
Note: For FDD, simulation BW is split equally between UL and DL
Note: UE TX power scaling will impact final results

	Channel model
	Below 6GHz: ITU InH
Above 6 GHz: 5GCM office 

Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used 
	Below 6GHz: 3D UMa (Macro layer) and 3D UMi (Micro layer)

Above 6GHz: 5GCM UMa (Macro layer) and UMi-Street canyon (Micro layer)

Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used
	ITU Rural
	Below 6GHz: 3D UMa
6 GHz: 5GCM UMa

Note: When 5GCM is found to be applicable to below 6GHz, 5GCM  should be used

	BS Tx power 
	Below 6GHz: 24dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 24dBm

Above 6GHz: 23 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 23dBm

EIRP should not exceed 58 dBm(*)
	Macro layer:

Below 6GHz: 44 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm
Above 6GHz: 40 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 40 dBm

Micro layer:

4 GHz:  33dBm for 20MHz system bandwidth

Above 6GHz: 33 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 33 dBm. 

EIRP should not exceed 73 dBm and 68 dBm for the macro and micro layers respectively(*)
	49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm


	Below 6GHz: 49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm

Above 6GHz: 43dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 43dBm

EIRP should not exceed 78 dBm (*)

	UE Tx power 
	Below 6GHz: 23dBm

30GHz: 23dBm
70GHz: 21dBm
EIRP should not exceed 43 dBm (*)

	BS antenna height 
	3m
	25m for macro cells and 10m for micro cells
	35 m
	25 m

	BS antenna element gain + connector loss
	See Table A.2.1-4

	BS receiver noise figure
	Below 6GHz: 5dB

Above 6GHz: 7dB

	UE antenna height
	Follow TR36.873 

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	Below 6GHz: 9dB
Above 6GHz: 13dB (baseline performance), 10dB (high performance)

	Traffic model
	Full buffer and FTP model 1/2/3 with packet size 0.1 and 0.5Mbytes (other value is not precluded). 
Other traffic models are not precluded.

	Traffic load (Resource utilization)
	For baseline scheme: 25, 50 and 80% (other value is not precluded)

	UE distribution
	100% Indoor, 3km/h,
10 users per BS for full buffer traffic
	Step1 (**): Uniform/macro TRP (10 users per TRP for full buffer traffic) 

Step2  (**): Uniform/macro TRP + Clustered/micro TRP (10 users per TRP associated with macro cell geographical area for full buffer traffic. 2/3 users randomly and uniformly dropped within the clusters, 1/3 users randomly and uniformly dropped throughout the macro geographical area for FTP model 1/2/3, and 60 users for FTP model 2/3) (***) 

- 80% indoor (3km/h), 20% outdoor (30km/h) 

- In the case of full buffer, 10 users per TRP is the baseline. 20 users per TRP is not precluded.
- In case of outdoor (30km/h), penetration loss in-car is 9 dB (LN, σ = 5 dB).
Mix of O2I penetration loss models for higher carrier frequency

• Option1

– Low loss model – 80%

– High-loss model – 20%

• Option2

– Low loss model – 50%

– High-loss model – 50%
	50% outdoor vehicles (120km/h) and 50% indoor (3km/h)

10 users per TRP for full buffer traffic

User distribution: Uniform
	20% Outdoor in cars: 30km/h,

80% Indoor in houses: 3km/h

10 users per TRP for full buffer traffic

(10 users per TRP is the baseline with full buffer traffic. 20 users per TRP with full buffer traffic is not precluded.)
Mix of O2I penetration loss models for higher carrier frequency

• Option1

– Low loss model – 80%

– High-loss model – 20%

• Option2

– Low loss model – 50%

– High-loss model – 50%

	UE receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Feedback assumption
	Realistic

	Channel estimation
	Realistic


(*): See Appendix in R1-164383 and R1-167533 for the derivation of maximum allowed EIRP. EIRP limit is only used for evaluation purpose in RAN1.

(**): Step 1 shall be used for the evaluation of spectral efficiency KPIs. Step2 shall be used for the evaluation of the other deployment scenario dependant KPIs.
(***): Companies are encouraged to investigate the ratio of UEs between the macro and micro cell geographical area depending on options for micro cell dropping 

Table 6. Evaluation assumptions for multiple access schemes targeting eMBB [2]
	Parameters
	Dense urban (eMBB)
	Rural

	Layout
	Signal layer
Two layers not precluded
	Single layer
Macro layer: Hex. Grid

	Inter-BS distance 
	Macro layer: 200m
	1732m

	Carrier frequency 
	4 GHz for the single layer
	700MHz

	BS antenna configuration
	4, 8, 16, 32 TXRUs
	2, 4, 8 ports 

	BS scheduler
	Both subband and wideband scheduler can be considered

	UE antenna configuration
	2, 1 TXUs
2, 4 RXUs
	2Tx, 1Tx port
2Rx, 4Rx ports

	Traffic model
	Full buffer model for spectral efficiency
FTP model 1/3 for user experienced data rate

NOTE: full buffer evaluation is not used for technical scheme down selection

	Traffic load (Resource utilization)
	50%, 80%
25% (optional)

	UE density for full buffer model
	10 UE per TRP
20 or other values are not precluded
	10 UE per TRP
other values are not precluded


Observation 4: Simulation assumptions are defined for system level simulation.

As we see the information above, RAN1 has been studied for NR evaluation methodology and RAN2 could use relevant assumptions for NR mobility study.
Proposal 1. RAN2 is requested to start common evaluation methodology to study NR mobility enhancement. Most of evaluation assumptions should be based on latest RAN1 NR TR (38.802) and NR channel model (38.900). It is FFS whether RAN2 will define own evaluation assumptions for NR mobility study. 
3 Conclusion

Based on the above, RAN2 is requested to discuss and if possible note on the followings:

Observation 1: Four channel parameters (i.e. pathlos, LoS probability, O-to-I penetration loss and autocorrelation of shadow fading) related to mobility evaluations are defined as a large scale channel parameters.
Observation 2: Fast fading model is defined as small scale parameters and additional modeling components for further detail consideration are also defined. 

Observation 3: Simulation assumptions are defined for synchronization signals/channel and RACH procedure to evaluate initial access.
Observation 4: Simulation assumptions are defined for system level simulation.

Proposal 1. RAN2 is requested to start common evaluation methodology to study NR mobility enhancement. Most of evaluation assumptions should be based on latest RAN1 NR TR (38.802) and NR channel model (38.900). It is FFS whether RAN2 will define own evaluation assumptions for NR mobility study.
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