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1  Introduction
In this contribution, we present some Phase 2 calibration results that were obtained for both the UMa and UMi scenarios through system-level simulations using the UE attachment model that was agreed upon in RAN1#74b. Below is a brief summary of the assumptions that were agreed upon in RAN1#74b:
· RSRP calculations needed for UE attachment modeling (including Coupling Loss calculations) given UE shall now take into account all rays of all clusters for a given link between a UE and a transmission point.
· The generation of a cluster’s angle of arrival in the Zenith plane is as follows :
· , where :
· 
· follows a Uniform distribution in the discrete set {-1;1}
· ) 
· 
· The generation of a ray’s angle of arrival within a given cluster in the Zenith plane is as follows :
· , where :
·  is generated as above
·  is the cluster-wise rms spread of ZoA
·  is the ray offset angle within a cluster, given in Table 7.3-3 of [1]
· The coupling of rays within a cluster is done as follows :
· Azimuth departure and arrival angles are coupled using the same procedure as defined in [1]
· Zenith departure and arrival angles are coupled using the same procedure as for Azimuth angles
· Zenith and Azimuth angles within the same cluster are coupled randomly

Note that there are still some parameters that are not yet agreed (ZSD, ZSA, EoD generation, shadow fading, correlation matrix). In this paper, the values used for those parameters follow the working assumptions from RAN1#74bis and WINNER+ for the parameters FFS.
2 RSRP calculation models based on Small Scale Parameters (SSP)
In Phase 1 calibration, the UE attachment model (called ‘Original Method’ in section 3) was based on LoS angles only and did not account for the parameters relative to angles of rays or even clusters.
For Phase 2 calibration, it has been agreed in RAN1#74b to account for all rays in all clusters of a given link between a UE and a transmission point. However no specific method was agreed about the way the rays within the clusters should be accounted for. In this contribution we compare two different algorithms to compute the RSRP.

1st method: We compute the average power-weighted angles in the azimuth and zenith planes and compute the resulting antenna gain at the transmitting side and receiving side respectively.

2nd method: We compute the antenna gain for each ray of each cluster and sum the resulting antenna gains to obtain the RSRP. This method was also proposed in the way forward in RAN1#74 in [2]:



The computation of the RSRP between a UE and a transmission point has a direct impact on the UE attachment modelling but also on the computation of average wideband SINR. In this contribution, we consider 2 alternative ways of obtaining the Average Wideband SINR:

- Alternative 1: The RSRP for UE attachment is computed using SSP parameters, all sectors are ranked in decreasing value of RSRP and the Average Wideband SINR is computed using those SSP-based RSRP values.

- Alternative 2: The RSRP for UE attachment is computed using SSP parameters, all sectors are ranked in decreasing value of RSRP and the Average Wideband SINR is computed using received power values based on line-of-sight angles between the UE and a transmission point.


In this contribution, Phase 2 calibration results are presented for both UMa and UMi scenarios, using both RSRP calculation algorithms.

3 Phase 2 Calibration results
In RAN1#74b, several details of the Phase 2 calibration phase were agreed upon, those are the antenna configuration at both the eNB side and the UE side and the metrics to be used to calibrate the channel matrix H between a UE and its serving cell.
For calibration purposes, two antenna configurations were agreed upon in RAN1#74b:
· eNB antenna configuration 1: K = 1; M = 2; N = 2; dV = 0.5λ; dH = 0.5λ; Uniform Linear Array
· eNB antenna configuration 2: K = 10; M = 10; N = 2; dV = 0.5λ; dH = 0.5λ; Cross-Polarized Array; θetilt = 12°
· MS antenna configuration: 2 antennas with the same polarization as at the BS

The metrics to be used to perform the calibration of the channel matrix H were agreed upon in RAN1#74b, which are the following:
· CDFs of ESD and ESA
· CDF of Average Wideband SINR before receiver
· CDF of largest singular value of HHH in PRBs at t = 0
· CDF of lowest singular value of HHH in PRBs at t = 0
· CDF of the ratio of the largest and lower singular value of HHH in PRBs at t = 0

For both configurations to be used at the eNB, there will be 4 Antenna Ports in total. Therefore, the channel matrix H is of dimension 2 x 4, and the matrix HHH is hermitian and of dimension 2 x 2. As a consequence: HHH has only 2 singular values.
In this contribution, we focus on eNB antenna configurations 1 and 2 respectively.

a. Results for Antenna Configuration 1

Below are the results that were obtained for the UMa scenario and UMi scenario for eNB antenna configuration 1, using the original UE Attachment model and the 2 UE Attachment models proposed in this contribution. We also provide the distribution of the Average Wideband SINR based on Alternatives 1 and 2 described in section 2:
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(a) UMa													  	 	 (b) UMi
Figure 1 Distribution of Average Wideband SINR

Using SSP-based algorithms to compute the RSRP does result in slightly different Average Wideband SINR distributions because for some UEs, the eventual serving cell will differ from the one obtained using the original method. It should be noted that those differences are more pronounced for the UMi scenario than the UMa scenario. Figure 1 highlights that changing the UE Attachment model affects Average Wideband SINR distributions and that even differences in the way the rays and clusters are accounted for can have a serious impact on Phase 2 calibration results.
In our simulations, when we used either the 1st method or the 2nd method for the UE Attachment model, it resulted in virtually the same distribution for the singular values of HHH. This is expected as the UE Attachment model is not supposed to have any bearing on the generation of the channel matrix H. In the remainder of this contribution, all the results used the 2nd method we proposed for UE Attachment. Now we present distributions obtained to calibrate the channel matrix H using singular values, for both the UMa scenario and the UMi scenario.
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(a) Largest Singular Value										  (b) Lowest Singular Value
Figure 2 Distribution of Singular Values of HHH
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Figure 3 Distribution of Ratio of Largest Singular Value and Lowest Singular Value of HHH

For the sake of readability, the distributions of the largest, lowest and ratio of largest on lowest singular values of only 5 PRBs were included in the figures above.
The distributions of singular values (largest, lowest and ratio of largest and lowest) for PRBs 0 to 40 are all very close to each-other. This means that even if, for a given UE, the distributions of the singular values can differ from one PRB to another, over a sufficient number of runs those distributions still converge towards similar.
Although during RAN1#74b it was agreed that ZSD and ZSA parameters should be generated for LOS, NLOS, LOS O-to-I and NLOS O-to-I, the actual generation of ZSD and ZSA is still not defined. And because all the calibration metrics in Phase 2 require ZSD and ZSA to be generated, calibration results will change depending on what is agreed for the generation of ZSD, ZSA as well as ZoD angles.
b. Results for Antenna Configuration 2

In this section, Phase 2 calibration results obtained for eNB antenna configuration 2 are presented for the UMa scenario and UMi scenario, using the original UE Attachment model and the 2 UE Attachment models proposed in section 2. We also provide the distribution of the Average Wideband SINR based on Alternatives 1 and 2 described in section 2.

[image: ][image: ]
(a) UMa													  	 	 (b) UMi
Figure 4 Distribution of Average Wideband SINR

We notice that the results show a similar trend to what was observed earlier, in that the 2nd Method of computing the RSRP leads to worse Average Wideband SINR distributions, although for the UMa scenario, the 2nd Method results in slightly better Average Wideband SINR distribution.
Now we present distributions obtained to calibrate the channel matrix H using singular values, for both the UMa scenario and the UMi scenario.
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(a) Largest Singular Value										  (b) Lowest Singular Value
Figure 5 Distribution of Singular Values of HHH
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Figure 6 Distribution of Ratio of Largest Singular Value and Lowest Singular Value of HHH

The results show similar trends as those that were seen with eNB Antenna Configuration 1. 
Again, using either the 1st or 2nd method for the UE Attachment results in very similar distributions for the singular values of HHH.

4 Conclusion
In summary, this contribution provides some initial Phase 2 calibration results of the 3D channel model in UMa and in UMi, with Average Wideband SINR, Largest Singular Value, Lowest Singular Value and Ratio of Largest to Lowest Singular Value Distribution Functions for all UEs. We also compare RSRP calculations algorithms that take into account all rays of all clusters in a given link between a UE and a transmission point, as was agreed to do during the Phase 2 calibration of the 3D channel model.

Proposal: Since the SINR CDFs are considerably impacted by the choice of the UE attachment model, it would be useful that RAN1 agrees on using a single method for RSRP calculation and captures it in the TR 36.873. 
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Appendix

Table 1:  Parameters for Phase 2 Calibration
	Deployment Scenario
	3D UMa – 3D UMi

	Layout
	Hexagonal grid, 19 micro sites,3 sectors per site

	BS antenna height
	25 m (UMa) – 10 m (UMi)

	Min. UE-eNB distance
	35 m (UMa) – 10 m (UMi)

	Total BS Tx power
	46 dBm (UMa) for 10 MHz – 41 dBm (UMi) for 10 MHz

	Carrier frequency 
	2 GHz

	Indoor UE fraction
	80%

	UE dropping 
and height model
	UEs are uniformly distributed in the cell.  The UE antenna height is modelled as hUE = 3(nfl – 1) + 1.5 m.
· For outdoor UEs, nfl = 1; 
· For indoor UEs, nfl is uniformly distributed in {1, 2, …, x}, where x is the number of floors.  
· The number of floors is uniformly distributed with an average and variation range;
· Average number of floors is 6;
· Variation range is {-2, -1, 0, 1, 2}.

	LOS probability
	Reuse ITU LOS probability with 2D distance.

	Path loss model for outdoor UEs
	Reuse ITU path loss models with 3D distance.

	Path loss model for indoor UEs
	PL(d) = PLb(d) + PLtw + PLin, 
PLb (d) = PLITU_LOS (d), for LOS, 
PLb (d) = max{PLITU_NLOS (d, 1.5) – α.(hUE  – 1.5), PLITU_LOS (d, hUE)), for NLOS,
where d is 3D distance in meters between the eNB and the UE; PLtw = 20 dB is the penetration loss, PLin = 0.5 din, din = Uniform(0, min(d2D, 25)) is the indoor path loss; PLITU- LOS (d, hUE) is the LOS path loss model for ITU-UMa with hUT = hUE; PLITU_NLOS (d, hUE) is the NLOS path loss model for ITU-UMa with hUT = hUE; α = 0.6 (UMa) and α = 0.3 (UMi) is the scaling factor for UE height dependent loss.
For LOS, the breakpoint distance is a 2D distance.

	eNB antenna 
pattern
	· For Case A-102 and Case B, the element pattern is defined as follows:
· Combined pattern: 	AE(φ, θ) = GE, max – min{– [AE, H (φ) + AE, V (θ)], Am}, GE, max = 8 dBi;
· Horizontal pattern: 	AE, H (φ) = – min{12(φ / φ3dB)2, Am} dB, φ3dB = 65°, Am = 30 dB;
· Vertical pattern: 		AE, V (θ) = – min{12[(θ – 90°)2 / θ3dB]2, SLAv} dB, θ3dB = 65°, SLAv = 30 dB.
· The antenna port weighting is 
wm = K–1/2 exp{j2π (m – 1)dv cos(θetilt)}, m = 1, 2, …, K, 
where K in {1, M}, M = 10, θetilt is the downtilt, dv = 0.5λ is the vertical element spacing.
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