3GPP TSG-RAN WG4 NR Ad hoc #2
R4-1706881
Hangzhou, China, 15-19 May 2017
Source:
Keysight Technologies
Title:
Angular and Temporal Statistics for mmWave frequencies based on ray tracing in Bristol
Agenda item:
3.6.3.1
Document for:
Information
1  Introduction

This contribution is a review of mmWave channel characterization using ray tracing (RT) carried out by the University of Bristol in the UK. The purpose of the document is to provide relevant ray-traced evidence for the task of identifying major channel models parameters that will influence the development of demodulation and RRM test methods as part of the UE testability study item. The exact channel model parameters for specific requirements will be developed later.
The ray tracing was performed at 60 GHz, which is above the 40 GHz upper limit of the Rel-15 NR WI but still useful to provide insights into the behaviour of the channel. Being a simulation, alternative frequencies can easily be generated. Comparisons between the RT results and the channel models defined by 3GPP [1] and mmMAGIC [2] are given.

2  Scenarios for 500m route in Bristol city centre
In the simulation scenario, four Base Stations (BS) were placed at the roadside as shown in Figure 1 in the city centre of Bristol, UK, at heights of 5 m and 10 m above the ground. The transmit power at BSs was set to a nominal 0 dBm and the operation frequency was 60 GHz. The route was modelled every 1 cm for scenario 1 and 10 cm intervals for scenario 2 over the 500 m road shown with white crosses in Figure 1. The mobile station (MS) (or Rx) height was set 1.5 m above ground level. Table 1.1 summarises the most important modelling parameters used in the simulations. It should be noted that the environment considered here is an urban environment.
In scenario 1, for each BS 50000 links were simulated therefore channel statistics are given for a total of 200000 links. When rays are superimposed from 4 BSs, the channel statistics were given for 50000 links. In scenario 2, for each BS, 5000 links were simulated thus the results were given for 20000 links. When rays are superimposed from 4 BSs, the channel statistics were given for 5000 links.
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Figure 1: Simulation scenario: 4 BSs (red) locations and 500m route.

In scenario 2, the results for omni antenna type are comparable with 3GPP and mmMAGIC model parameters, since the simulation parameters (assumptions) are similar. In addition, different Tx heights and antenna types (a directional antenna with 10° HPBW) were considered at the Tx and Rx and the parameters were provided for these implementations. 

In the results, rays were discarded if their powers were below a threshold of 25 dB (unless otherwise stated) relative to the strongest ray. 
The 3D ray model provides accurate space-time characteristics of the propagation channel, allowing beamforming (BF) to be applied in post-processing to model steerable antenna arrays at either Tx or Rx. An antenna model with a main lobe of Gaussian form in linear scale (parabolic form in dB scale) and constant level of side lobes was considered. A maximum power ray BF algorithm that selects the best steering direction depending on the ray with the highest received power was implemented.
Table 2.1: Simulation parameters for 500m route scenario
	Parameters
	Scenario 1 (Route data)
	Scenario 2

	Frequency
	60 GHz
	60 GHz

	Tx height 
	5 m
	10 m

	Rx height
	1.5 m
	1.5 m

	Ray tracing interval
	0.01 m
	0.1 m

	Number of points per route
	50000
	5000

	Route length
	500 m
	500 m

	Tx power
	0 dBm
	0 dBm

	Receive sensitivity
	-130 dBm
	-130 dBm

	Antenna types at Tx and Rx
	Omni/ Directional antenna with 10[image: image3.png]


 HPBW
	Omni/ Directional antenna with 10[image: image5.png]


 HPBW

	Beamforming algorithm
	Maximum ray power
	Maximum ray power


Figure 2 shows CDF plots of the number of MPC, K factor and RMS delay spread. The no threshold results correspond to all rays (MPCs) found by the ray tracer for each user location.
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(a) Number of MPC for Scenario 1 (left) and Scenario 2 (right)
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(b) K-factor for Scenario 1 (left) and Scenario 2 (right)
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(c) RMS delay spread for Scenario 1 (left) and Scenario 2 (right)

Figure 2:  Channel statistics for Omni antennas at Tx and Rx with thresholds of 25dB and 50dB with respect to the strongest ray.
Table 2.2 shows the results of the simulation against [1] and [2] for the omnidirectional case. Some significant differences are seen.

Table 2.2: 3GPP, mmMAGIC and Ray tracing parameters comparison at 60 GHz. 
This table is for comparison with 3GPP [1] and mmMAGIC [2] models.
	Scenario
	    60 GHz mmWave Results (Omni)
	
	

	
	LOS(3GPP)
	NLOS(3GPP)
	mmMAGIC

(LoS)
	mmMAGIC

(NLoS)
	UoB (Scenario 1) 

(LoS)
	UoB (Scenario 1)    (NLoS)
	UoB (Scenario 2) 

(LoS)
	UoB (Scenario 2) (NLoS)

	Delay spread (DS)-nsecs
	mlgDS
	27.5
	56.23
	20.4
	63.2
	20.79
	39.54
	19.72
	15.1

	
	slgDS
	2.39
	3.7
	0.28
	1.8
	18.12
	71.3
	17.34
	34.3

	AoD spread (ASD)
lgASD=log10(ASD/1()
	mlgASD
	13.8
	13.18
	25.7
	7.58
	11.84
	14.74
	11.94
	7.96

	
	slgASD
	2.57
	3.36
	1.9
	1.9
	9.87
	24.5
	9.85
	17.18

	AoA spread (ASA)
lgASA=log10(ASA/1()
	mlgASA
	38.2
	45.4
	21.1
	27.5
	10.75
	13.91
	10
	12.73

	
	slgASA
	2.1
	3.36
	1.7
	1.9
	8.75
	22.31
	8.58
	23.02

	ZoA spread (ZSA)
lgZSA=log10(ZSA/1()
	mlgZSA
	3.63
	6.19
	4.46
	5
	0.29
	0.081
	0.65
	0.094

	
	slgZSA
	1.86
	1.94
	1.72
	1.87
	0.38
	0.14
	0.82
	0.22

	Number of paths (over all clusters)
	N
	240
	380
	40
	78
	4
	2
	4
	2

	K-factor (K) [dB]
	mK
	9
	N/A
	4.6
	N/A
	11.55
	N/A
	11.74
	N/A

	
	sk
	5
	N/A
	5.9
	N/A
	3.94
	N/A
	3.88
	N/A

	
	
	


Table 2.3 shows how the simulation results change dramatically between omni and directional at either and both ends of the link.
Table 2.3: Ray tracing parameters at 60 GHz with omni and directional antennas at the Tx and Rx. Beam forming is applied to the isotropic data. 
	Scenario
	                                    60 GHz mmWave Results –Beam forming 
	
	

	
	Tx: Omni/ Rx: Omni (LoS)
	Tx: Omni/ Rx: Omni (NLoS)
	Tx: Omni/    Rx: Direct (LoS)
	Tx: Omni/      Rx: Direct (NLoS)
	Tx: Direct / Rx: Omni   (LoS)
	Tx: Direct/ Rx: Omni (NLoS)
	Tx: Direct / Rx: Direct (LoS)
	Tx: Direct / Rx: Direct (NLoS)

	Delay spread (DS)-nsecs
	mlgDS
	20.79
	39.54
	3.71
	4.1
	4.46
	2.65
	0.00039
	0.0158

	
	slgDS
	18.12
	71.3
	8.08
	18.46
	11.64
	10.45
	0.008
	1.13

	AoD spread (ASD)
lgASD=log10(ASD/1()
	mlgASD
	11.84
	14.74
	4.08
	2.7
	0.15
	0.12
	0.00042
	0.0032

	
	slgASD
	9.87
	24.5
	8.34
	10.74
	0.31
	0.34
	0.0087
	0.0379

	AoA spread (ASA)
lgASA=log10(ASA/1()
	mlgASA
	10.75
	13.91
	0.12
	0.084
	3.15
	4.46
	0.0017
	0.02

	
	slgASA
	8.75
	22.31
	0.27
	0.39
	7.04
	12.73
	0.032
	0.2

	ZoA spread (ZSA)
lgZSA=log10(ZSA/1()
	mlgZSA
	0.29
	0.081
	0.031
	0.005
	0.014
	0.0064
	0.00000077
	0.000005

	
	slgZSA
	0.38
	0.14
	0.078
	0.034
	0.036
	0.021
	0.000015
	0.00029

	Number of paths (over all clusters)
	N
	4
	2
	2
	2
	2
	2
	2
	2

	K-factor (K) [dB]
	mK
	11.55
	1.82
	16.37
	9.69
	16.82
	6.42
	24.4628
	14.08

	
	sk
	3.94
	3.07
	3.44
	4.14
	3.93
	4.42
	0.2778
	2.17

	
	
	


Table 2.4 compares the omni results from [1] and [2] with the omni and directional results of the simulation but overlaying all four BS.

Table 2.4: Ray tracing parameters at 60 GHz with omni and directional antennas at the Tx and Rx. Beam forming is applied to the isotropic data. Rays from 4 BSs were superimposed.
	Scenario
	    60 GHz mmWave Results –Beam forming with superimposing the rays from 4 BSs

	
	LOS(3GPP)
	mmMAGIC

(LoS)
	Tx: Omni/ Rx: Omni (LoS)
	Tx: Omni/    Rx: Direct (LoS)
	Tx: Direct / Rx: Omni   (LoS)
	Tx: Direct /    Rx: Direct  (LoS)

	Delay spread (DS)-nsecs
	mlgDS
	27.5
	20.4
	43.26
	31.15
	30.28
	28.73

	
	slgDS
	2.39
	0.28
	28.29
	28.46
	30.66
	29.91

	AoD spread (ASD)
lgASD=log10(ASD/1()
	mlgASD
	13.8
	25.7
	27.46
	22.42
	19.21
	19.02

	
	slgASD
	2.57
	1.9
	23.45
	25.71
	26.75
	26.64

	AoA spread (ASA)
lgASA=log10(ASA/1()
	mlgASA
	38.2
	21.1
	25.68
	19.17
	19.49
	19.16

	
	slgASA
	2.1
	1.7
	23.99
	26.68
	26.82
	26.75

	ZoA spread (ZSA)
lgZSA=log10(ZSA/1()
	mlgZSA
	3.63
	4.46
	0.56
	0.34
	0.31
	0.30

	
	slgZSA
	1.86
	1.72
	0.5
	0.4
	0.42
	0.42

	Number of paths (over all clusters)
	N
	240
	40
	5
	3
	3
	2

	K-factor (K) [dB]
	mK
	9
	4.6
	9.45
	13.3
	12.87
	13.14

	
	sk
	5
	5.9
	5.2
	6.69
	7.21
	7.27

	
	
	
	
	


3  Dense Urban (Grid) Microcell (UMi) Scenario
Figure 3 shows a 100 BS simulation in Bristol city centre. For each of the BSs 200 users were simulated leading to 20000 point to point links.
[image: image12.png]



Figure 3: Simulation of 100 microcells within the Bristol city centre data base
Ray tracing simulation parameters are given in 3.1.
Table 3.1: Simulation parameters for urban microcell
	Number of BSs
	100

	Number of users per BS
	200

	Frequency (GHz)
	60

	Base-station height
	5m

	Mobile height
	1.5m

	Cell Diameter
	100m


In the first set of simulations, an exhaustive search beam forming algorithm is applied at the transmitted side, using 32 isotropic antenna elements. At the receiver, a Hertzian dipole omnidirectional receiver has been simulated.  The results in Table 3.2 show an expected large difference with the omni-directional model from [1].

In the second set of simulations (Table 3.3) depicts the parameters as evaluated assuming isotropic antenna elements (i.e. no realistic antenna pattern). This table can be directly compared to 3GPP [1] and mmMAGIC model parameters, since these models assume point source transmissions/receptions. The only difference is that the BS height was set to 5 meters for this scenario.

Table 3.2: 3GPP, mmMAGIC and Ray tracing parameters at 60 GHz. Beam forming (32x1) is applied to the isotropic data. 
This is not for direct comparison to 3GPP
	Scenario
	60 GHz mmWave micro-cells (UMi) –Beam forming (32x1)

	
	LOS(3GPP)
	NLOS(3GPP)
	mmMAGIC

(LoS)
	mmMAGIC

(NLoS)
	UoB (Dense Urban) 

(LoS)
	UoB (Dense Urban) (NLoS)

	Delay spread (DS)-nsecs
	mlgDS
	27.5
	56.23
	20.4
	63.2
	4.85
	18.31

	
	slgDS
	2.39
	3.7
	0.28
	1.8
	13.5
	28.3

	AoD spread (ASD)
lgASD=log10(ASD/1()
	mlgASD
	13.8
	13.18
	25.7
	7.58
	2.19
	9.1

	
	slgASD
	2.57
	3.36
	1.9
	1.9
	6.7
	13.1

	AoA spread (ASA)
lgASA=log10(ASA/1()
	mlgASA
	38.2
	45.4
	21.1
	27.5
	4.61
	14.7

	
	slgASA
	2.1
	3.36
	1.7
	1.9
	10.67
	18.7

	ZoA spread (ZSA)
lgZSA=log10(ZSA/1()
	mlgZSA
	3.63
	6.19
	4.46
	5
	0.18
	0.14

	
	slgZSA
	1.86
	1.94
	1.72
	1.87
	0.35
	0.38

	Number of paths (over all clusters)
	N
	240
	380
	40
	78
	3
	4

	K-factor (K) [dB]
	mK
	9
	N/A
	4.6
	N/A
	26.2
	N/A

	
	sk
	5
	N/A
	5.9
	N/A
	11.8
	N/A

	


Table 3.3: 3GPP, mmMAGIC and Ray tracing parameters comparison at 60 GHz. This table is for comparison with 3GPP and mmMAGIC models.
	Scenario
	60 GHz mmWave micro-cells (UMi) (omni)

	
	LOS(3GPP)
	NLOS(3GPP)
	mmMAGIC

(LoS)
	mmMAGIC

(NLoS)
	Dense Urban (LoS)
	Dense Urban (NLoS)

	Delay spread (DS)-nsecs
	mlgDS
	27.5
	56.23
	20.4
	63.2
	32.3
	65.3

	
	slgDS
	2.39
	3.7
	0.28
	1.8
	31.6
	66.4

	AoD spread (ASD)
lgASD=log10(ASD/1()
	mlgASD
	13.8
	13.18
	25.7
	7.58
	15.9
	31.12

	
	slgASD
	2.57
	3.36
	1.9
	1.9
	15.2
	24.9

	AoA spread (ASA)
lgASA=log10(ASA/1()
	mlgASA
	38.2
	45.4
	21.1
	27.5
	16.62
	28.1

	
	slgASA
	2.1
	3.36
	1.7
	1.9
	15.3
	25.9

	ZoA spread (ZSA)
lgZSA=log10(ZSA/1()
	mlgZSA
	3.63
	6.19
	4.46
	5
	0.84
	0.64

	
	slgZSA
	1.86
	1.94
	1.72
	1.87
	1
	0.97

	Number of paths (per cluster)
	N
	240
	380
	40
	78
	4
	5

	K-factor (K) [dB]
	mK
	9
	N/A
	4.6
	N/A
	10.85
	N/A

	
	sk
	5
	N/A
	5.9
	N/A
	8.67
	N/A

	


Figure 4 showes a CDF of the number of for the LoS and NLoS cases which show a total number of paths of 18 and 14 respectively.
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Figure 4: CDF of number of paths for Los (left) and NLoS (right) scenarios
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Figure 5: Azimuth versus elevation AoA for LoS(left) and NLoS(right) scenarios, taken from real measurements at 60 GHz. 
Figure 5 illustrates two results for LoS and NLoS locations taken from real measurements at 60 GHz. One end of the link consisted of a directional transmitter with 20 dBi of gain, whereas the receiving end is a synthetic isotropic receiver. The above results indicate not more than three spatial clusters are observed when LoS propagation is considered and no more than two spatial clusters for NLoS links. The temporal processing of those results shows explicit similarity to the ray-traced simulated scenarios with directional transmitter and omnidirectional receiver, as no more than 10 spatio-temporal paths were observed for all measurement profiles. This contrasts with [1] where 12 and 19 clusters are proposed for LoS and NLoS locations respectively. Furthermore, the number of paths proposed are 20 per cluster giving a total of 240 or 380 paths whereas the simulation and measured results in Figure 4 show not more than 18 and 14 paths in total. It is expected that RT underestimates the richness of the channel due to missing detail in the environmental models, however the consistency with measured data suggests the RT results are close to the real channel.
4  Birth/Death Statistics for Ray Modelling
In this section, the birth and death position of each NLos component and LoS component along the route was identified for the four BSs in Scenario 1. This was done by post-processing the ray tracing data shown in Section 2. The length of each unique LoS and NLoS rays were then calculated. 

Figure 6 shows the CDF plot of the ray length. The ray length data include all the rays from all the four BSs. It is shown that LoS rays last significantly longer than NLoS rays. For the 500 m route, the median length is 200 m for LoS rays and 6 m for NLoS rays. It should be noted that there are far fewer samples for LoS rays as there are maximum 2 unique LoS rays per BS. On average, there are only 126 unique NLoS rays along the route. The results show that the spatial consistency parameters for NLoS links should be updated more frequently than LoS link. The small scale random variables should be applied to NLoS rays in a per ray basis.
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Figure 6: CDF of ray length along the route for all the BSs

Table 4.1 shows the correlation distance for random parameters and LoS/NLoS state specified in [1]. It can be seen there is similar correlation distance for cluster and ray specific random variables for NLoS and LoS. However, this simulation shows higher correlation distance for LoS and lower correlation distance for NLoS. 
Table 4.1. Spatial consistency parameters from [1]
	Correlation distance in [m]
	UMi

	
	LOS
	NLOS
	O2I

	Cluster and ray specific random variables
	12
	15
	15

	LOS/NLOS state 
	50


5  Conclusions
Comparisons of 3GPP [1] with RT results and measurements
· Delay spread, K factor and Angle of Departure (AoD) are similar to [1] in both 500 m route and dense urban microcell scenarios.

· Standard deviation of all simulation parameters is much higher than [1] for both route and microcell scenarios as well as Tx heights of 5 m and 10 m. Similar results are shown in [3], where the standard deviation of angular spread in both azimuth and elevation is significantly higher than the one proposed in [1].
· Comparing Tx heights of 5 m and 10 m in the 500 m route scenario, only elevation AoA spread increases slightly as Tx height increases. The other parameters are almost the same.
· The number of multipath components (MPCs) in the simulation is substantially less than in [1]. Over all simulations (275000 links for the 500 m route and 20000 links for the dense urban microcells), the maximum number of MPCs observed was no more than 18. This is due to the sparse nature of the ray tracing, which under predicts the scattering paths when compared to the measured profiles. 

· Comparing the AoA spread at azimuth and elevation planes, the simulation results indicate approximately half the spread in [1] for both dense urban microcell and 500 m route scenarios.

· Comparing the results (CDFs of Delay spread, K factor and number of MPC) for thresholds of 25 dB and 50 dB below the strongest ray, it was observed that the results are slightly different for LoS scenario but for NLoS scenario there is no difference.
· Regarding NLos spatial consistency: Simulation results indicate that NLoS ray parameters should be updated more frequently than LoS parameters (i.e. 6 meters intervals, whereas [1] proposes 12 meters)

· Regarding NLos spatial consistency: The LoS state lasts on average 200 meters, which is 4 times longer than the update distance proposed in [1].

· Rel measurement results indicate a similar behaviour to ray tracing simulations, where beam-forming was applied to the Tx end of the measurement link. Measurement results contrast with [1] proposals with respect to both number of clusters and number of rays within the cluster.

Comparisons of different antenna types 

· When beamforming is applied, all spreads (delay, AoD azimuth, AoA elevation and azimuth) and the number of MPCs are significantly reduced whereas K factor is increasing as expected.
When rays are superimposed from 4 BSs, all spreads (delay, AoD azimuth, AoA elevation and azimuth) and the number of MPCs are increasing whereas K factor is decreasing.
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