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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN Plenary#69, it was agreed that 3GPP would need to study performance and feasibility of using high frequency spectrum above 6 GHz for further evolution beyond LTE-Advanced and for technology advancement towards 5G [1]. The random variable based approach for spatial consistency is taken as working assumption in [2] in RAN WG1 #AH. 
In this contribution, we presented modified spatial consistency model based on the working assumption in [2] in order to slow down the varying rate of angles in position.
2. Angular Consistency
The idea of the spatial consistent model in [2] is to generate spatial consistent random variables based on geometry interpolation. This can make the channel parameters gradually changing with position. The problem is the angles (e.g. AoA and AoD) may vary very fast in terms of position, particularly for weak clusters. Results in [3] show that the varying speed of angles may be up to 90o per meter which might be challenging or almost useless to evaluate beam-tracking technique.
The reason that the angles vary fast in [2] is that composite PASs in azimuth and zenith dimension of all clusters are fully depending on the cluster power, which is generated by [Eq. 7.8, 7.13 in TR 36.873]


,  . 			(1)
To overcome the fast-varying angles, we propose to change the equation (1) as


,  , 			(2)
where kc is the calibration coefficient to slow down the varying rate of angles in position.
Proposal 1: The composite PASs in azimuth and zenith dimension of all clusters are generated by


,  , 			
where kc is the calibration coefficient to slow down the varying rate of angles in position.
3. Channel Model Simulations
A 3GPP UMi channel with the spatial consistency in [2] is simulated here. The composite PASs in azimuth and zenith dimension of all clusters are generated by equation (2).  For clear elaboration, the number of cluster is set to be five. The BS is located at (0, 0). The UE moves at a speed of 1 m/s. The distance between UE and BS is about 100 meters at start point, and UE moves a route of 100 meters. 
Fig. 1 shows the angle-position diagram in LOS scenarios. The varying rate of the four clusters (except the dominant cluster) in AoA and in AoD are in the range 5.6o~8.8o per meter and 2.3o~3.7o per meter. The average varying rate of AoA and AoD of the four clusters are 6.7o per meter and 2.8o per meter. This is consistent with measurements in [4] where the varying rate is 2o~6o per meter (see appendix). The varying rate of the dominant cluster (LOS) is 0.1o per meter which is strictly obtained based on position.
[image: ][image: ]
Fig. 1 Angle-position diagram in UMi LOS scenario where kc = 16
A summary of simulation results for UMi is given in Table I where average varying rate of angles in all clusters are listed. It is shown the AoA/AoD in both LOS and NLOS scenarios vary in a reasonable rate. The average varying rate of ZoA/ZoD is also in a reasonable range between 0.1o and 2.2o per meter. 
Table I  Average varying rate of angles in UMi LOS and NLOS channels where kc = 16
	Varying rate of angles in degree per meter: new model in (2) and [old model in (1)]
	Cluster 1
	Cluster 2
	Cluster 3
	Cluster 4
	Cluster 5

	LOS channel

	AoA
	0.1 [0.1]
	5.6 [89]
	6.0 [96]
	6.5 [104]
	8.8 [140]

	
	AoD
	0.1 [0.1]
	2.3 [37]
	2.4 [39]
	2.7 [43]
	3.7 [59]

	NLOS channel
	AoA
	1.1 [18]
	1.6 [26]
	2.0 [32]
	2.2 [35]
	3.4 [55]

	
	AoD
	0.5 [7]
	0.6 [10]
	0.8 [12]
	0.8 [13]
	1.3 [20]


Proposal 2: kc = 16 is a suitable value for the new model in UMi scenario.
4. [bookmark: _Ref129681832]Conclusions
Based on the analysis above, the spatial consistency model in [2] can be extended with the proposal.
Proposal 1: The composite PASs in azimuth and zenith dimension of all clusters are generated by


,  , 			
where kc is the calibration coefficient to slow down the varying rate of angles in position.
Proposal 2: kc = 16 is a suitable value for the new model in UMi scenario.
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Appendix: Measurements results in [4]
In order to support the second feature, channel measurements are taken in a street canyon in Chengdu city. The real scenario and the scenario map are shown in Fig. 1. Both transmitter and receiver are in bore-of-sight range, i.e. LOS channels. Dense measurements with distance interval of 0.2 m are taken in a range of 2.8 m. 
    
Fig. 1 The street canyon in Chengdu, real scenario (left) and the scenario map (right)

The channel sounders are configured as follows. The carrier frequency is 73GHz with bandwidth 2GHz. The transmitter is 6 m high and the receiver is 1.8 m high. Antenna horns are used for both transmitter and receiver. The Half-power beam width (HPBW) of the transmit horn and receiver horn in azimuth are 55o and 10o, and 10o and 10o in zenith, respectively. Transmitter horn is fixed to 0o in azimuth and -10o in zenith. Receiver horn sweeps horizontal direction with 5o, and -5o, 0o in vertical direction. Antenna pattern is decoupled from channel during data processing.
[image: ][image: ]
Fig. 2 The route vs sub-path delay (left) and  sub-path AoA (right)

The route vs sub-path delay (left) and sub-path AoA (right) is shown in Fig. 2. Five points, whose delay are in around 325o and power is very low, are excluded from the figure. Observation is that the sub-path delays are drifting with distance but relative delay is still constant. Some sub-paths are disappearing or newly appearing between two neighboring position. This means that relative delay of cluster can be modelled as a constant value in a drop, but cluster birth and death is necessary in modelling.
The angle resolution is 5o due to the limits of channel sounder. Observation is that the angles of every sub-path are changing smoothly. The changing rate of strong sub-path (red points) is in range of 2o ~ 5o per meter. Weak sub-path (blue points) has similar changing rate as the strong sub-path. This means that cluster angles should be time-variant as UE moves.
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