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In email discussion [ITU-R AH 01], the calibration parameters for self-evaulation were discussed and companies uploaded calibration results for five test environments, together with different configuations and channel model variants, which are summarized in [1]. During the email discussion, the parameters for mMTC and URLLC test environments were discussed, including the tilt angles. In [2], an analysis on the calibration parameters were given for Urban Macro-mMTC test environment in terms of downlink wideband SINR, and specific tilt values different from [1] are proposed. 
In this document, the CDF of downlink wideband SINR in terms of different tilt values are provided, and it is found that the optimal tilt values are well aligned with the calibration parameters employed in the calibration [1] for Urban Macro-mMTC and Urban Macro-URLLC test environments. Besides, the calibration results collected from thirteen companies can also be found in [1].
It is noted that in the calibration results, the downlink wideband SINR is calculated by taking into account the SCM cluster effect (multi-path channel effect), with SCM model activated (see [1] and below). The effect of the elevated SCM clusters is therefore included in these plots in [1] and in this document.
Discussion
Urban Macro - mMTC
In this section, the calibration parameters and results of Urban Macro – mMTC are presented, and the two channel model variants are taken into account.
Calibration parameters of Urban Macro - mMTC
The baseline parameters for Urban Macro – mMTC are given in Table 1 (see [1]). The electronic tilt values are also shown. 
Table1 – Baseline parameters for Urban Macro - mMTC
	Urban Macro - mMTC
	Config. A
	Config. B

	Carrier frequency for evaluation
	700 MHz
	700 MHz

	BS antenna height
	25 m
	25 m

	Total transmit power per TRxP[footnoteRef:1] [1:  This parameter(s) is/are used for cell association] 

	46 dBm for 10 MHz bandwidth
	46 dBm for 10 MHz bandwidth

	UE power class
	23 dBm
	23 dBm

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

	Inter-site distance
	500 m
	1732 m

	Number of antenna elements per TRxP
	16 Tx/Rx, (M,N,P,Mg,Ng) = (8,1,2,1,1), (dH,dV) = (N/A, 0.8)λ

+45°, -45° polarization
	16 Tx/Rx, (M,N,P,Mg,Ng) = (8,1,2,1,1), (dH,dV) = (N/A, 0.8)λ

+45°, -45° polarization

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

	Number of UE antenna elements 
	1Tx/Rx

0° polarization
	1Tx/Rx

0° polarization

	Number of TXRU per UE
	1TXRU
	1TXRU

	Device deployment
	80% indoor, 20% outdoor
Randomly and uniformly distributed over the area
	80% indoor, 20% outdoor
Randomly and uniformly distributed over the area

	UE mobility model
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction.
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction.

	UE speeds of interest
	3 km/h for indoor and outdoor
	3 km/h for indoor and outdoor

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	5 dB

	UE noise figure
	7 dB 
(NOTE: this parameter is different from TR38.802)
	7 dB 
(NOTE: this parameter is different from TR38.802)

	BS antenna element gain
	8 dBi
	8 dBi

	BS antenna element pattern
	See Table 1 in Section 3.6
	See Table 1 in Section 3.6

	UE antenna element gain
	0 dBi
(NOTE: this parameter is different from TR38.802)
	0 dBi
(NOTE: this parameter is different from TR38.802)

	UE antenna element pattern
	Omni-directional
	Omni-directional

	Thermal noise level
	-174 dBm/Hz
	-174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer

	Simulation bandwidth
	10 MHz
	10 MHz

	UE density
	10 UEs per TRxP
	10 UEs per TRxP

	UE antenna height
	1.5 m
	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

	TRxP number per site
	3
	3

	Mechanic tilt 
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)

	Electronic tilt in [1]
	[99°] in LCS
	[93°] in LCS

	Electronic tilt in [2]
	[94°] in LCS
	[90°] in LCS

	Handover margin (dB)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)

	TRxP boresight
	30 / 150 / 270 degrees 
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	30 / 150 / 270 degrees 
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	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

	Wrapping around method
	Geographical distance based wrapping
	Geographical distance based wrapping

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

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


In [1], the proposed electronic tilt is 99° and 93° for Configuration A and B, respectively. From a rough analysis below, the proposed values show the potential to be close to the optimal value in terms of downlink wideband SINR. In next sub-section, these values are further verified by simulations.
Take Configuration B for example. In this configuration, the BS antenna height is 25 m and the UE height is 1.5 m, and the ISD is 1732 m. In this case, for a UE at the cell edge (e.g., at the distance of ISD/2) with line-of-sight (LOS) path component, the electronic tilt should be around 92° to point to these cell edge UEs. However, to avoid strong inter-cell interference and the angular spread, gNB typically points the beam towards the center area to some extent. If the link is non line-of-sight (NLOS), although the elevation of primary path component would shift from the LOS direction and approach a bit to the horizontal plane, however it is found from the channel model (either channel model A or B) that the elevation would still be below the horinzontal plane in most cases. Therefore, it would be intuitive that the optimal tilt needs to be below horizontal plane (i.e., at least larger than 90°), and the value of 93° has the potential to reach the optimal value.
A similar observation could be made to Configuration A, where the electric tilt to point the beam to cell edge is around 96°. Hence a larger tilt (e.g., 99° or 100°) has the potential to reach the optimal value. The concept is also illustrated in Figure 1.
 (
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)
Figure 1 Illustration of impact of tilt angles.
Simulation results and analysis of Urban Macro - mMTC
In this section, the downlink wideband SINR (“geometry”) of Urban Macro – mMTC are provided through system level simulation to verify the proposed values in [1].
From Figure 2 we can see that the optimal electronic tilt (targeting the highest DL geometry) for Urban Macro – mMTC with Configuration A is 100° for either channel model A or B. However, during the email discussion there is mentioning that for uplink, the optimal electronic tilt might be a bit smaller in order to achieve good coverage. Therefore the value of 99° is used in the calibration.
Observation 1: For Urban Macro – mMTC with Configuration A, the electronic tilt of 99° is used for channel model A and B to optimize the DL wideband SINR. 
[image: ][image: ]
Figure 2 – DL wideband SINR of Urban Macro – mMTC with different eTilt and channel models for Configuration A (Left: channel model A. Right: channel model B)
In Figure 3, the curves show that with the electronic tilt of 93° and 94° the highest DL geometry can be achieved for both channel model A and channel model B with Configuration B. The value of 93° is selected.
Observation 2: For Urban Macro – mMTC with Configuration B, the electronic tilt of 93° is used for channel model A and B to optimize the DL wideband SINR. 
[image: ][image: ]
Figure 3 – DL wideband SINR of Urban Macro – mMTC with different eTilt and channel models for Configuration B (Left: channel model A. Right: channel model B)
Urban Macro - URLLC
In this section, the calibration parameters and results of Urban Macro – URLLC are presented, and the two channel model variants are taken into account.
Calibration parameters of Urban Macro - URLLC
The baseline parameters for Urban Macro – URLLC are given Table 2 (see [1]). The electronic tilt values are also shown. 
Table 2 – Baseline parameters for Urban Macro - URLLC
	Urban Macro - URLLC
	Config. A
	Config. B

	Carrier frequency for evaluation
	4 GHz
	700 MHz

	BS antenna height
	25 m
	25 m

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

	UE power class
	23 dBm
	23 dBm

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

	Inter-site distance
	500 m
	500 m

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

+45°, -45° polarization
	16 Tx/Rx, (M,N,P,Mg,Ng) = (8,1,2,1,1), (dH,dV) = (N/A, 0.8)λ

+45°, -45° polarization

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

	Number of UE antenna elements 
	4Tx/Rx, (M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, N/A)λ

0°, 90° polarization
	2Tx/Rx, (M,N,P,Mg,Ng) = (1,1,2,1,1)

0°, 90° polarization

	Number of TXRU per UE
	4TXRU (1-to-1 mapping)
	2TXRU (1-to-1 mapping)

	Device deployment
	80% outdoor, 20% indoor
Randomly and uniformly distributed over the area
	80% outdoor, 20% indoor
Randomly and uniformly distributed over the area

	UE mobility model
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UEs of the same mobility class, randomly and uniformly distributed direction

	UE speeds of interest
	3 km/h for indoor and 30 km/h for outdoor
	3 km/h for indoor and 30 km/h for outdoor

	Inter-site interference modeling
	Explicitly modelled
	Explicitly modelled

	BS noise figure
	5 dB
	5 dB

	UE noise figure
	7 dB 
(NOTE: this parameter is different from TR38.802)
	7 dB 
(NOTE: this parameter is different from TR38.802)

	BS antenna element gain
	8 dBi
	8 dBi

	BS antenna element pattern
	See Table 1 in Section 3.6
	See Table 1 in Section 3.6

	UE antenna element gain
	0 dBi
	0 dBi

	UE antenna element pattern
	Omni-directional
	Omni-directional

	Thermal noise level
	-174 dBm/Hz
	-174 dBm/Hz

	Traffic model
	Full buffer
	Full buffer

	Simulation bandwidth
	10 MHz
	10 MHz

	UE density
	10 UEs per TRxP
	10 UEs per TRxP

	UE antenna height
	1.5 m
	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

	TRxP number per site
	3
	3

	Mechanic tilt 
	90° in GCS (pointing to horizontal direction)
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	[99°] in LCS
	[99°] in LCS

	Handover margin (dB)
	0 (i.e., the strongest cell is selected)
	0 (i.e., the strongest cell is selected)

	TRxP boresight
	30 / 150 / 270 degrees 
[image: cid:image004.png@01D19614.C45E6D10]
	30 / 150 / 270 degrees 
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	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

	Wrapping around method
	Geographical distance based wrapping
	Geographical distance based wrapping

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

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


For Urban Macro – URLLC test environment, the ISD and the height of BS and UE for both configuration A and B are the same as those in Urban Macro – mMTC test environment with configuration A. In addition, the proosed vertical virtulization of TXRU for Urban Macro – URLLC and Urban Macro – mMTC are identical. Therefore, similar electronic tilt is expected.
Simulation results and analysis of Urban Macro - URLLC
The simulation results in terms of downlink geometry for Urban Macro – URLLC are given as below.
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Figure 4 – DL wideband SINR of Urban Macro – URLLC with different eTilt and channel models for Configuration A (Left: channel model A. Right: channel model B)
[image: ] [image: ]
Figure 5 – DL wideband SINR of Urban Macro – URLLC with different eTilt and channel models for Configuration B (Left: channel model A. Right: channel model B)
It is observed from Figure 4 and 5 that the optimal electronic tilt is 100° in terms of DL wideband SINR. However, similar to Urban Macro – mMTC, during the email discussion there is mentioning that for uplink, the optimal electronic tilt might be a bit smaller in order to achieve good coverage. Therefore the value of 99° is used in the calibration.
Observation 3: For Urban Macro –URLLC, the electronic tilt of 99° is used for channel model A and B to optimize the DL wideband SINR.
Based on the above analysis and observations, we derive the parameter values for Urban Macro – mMTC and Urban Macro – URLLC in calibration as in [1].
Conclusion
In this document, we analyzed the calibration parmeters of electronic tilt for Urban Macro – mMTC and Urban Macro – URLLC and derived the following observations which lead to the proposed parameter values employed in [1].
Observation 1: For Urban Macro – mMTC with Configuration A, the electronic tilt of 99° is used for channel model A and B to optimize the DL wideband SINR. 
Observation 2: For Urban Macro – mMTC with Configuration B, the electronic tilt of 93° is used for channel model A and B to optimize the DL wideband SINR. 
Observation 3: For Urban Macro –URLLC, the electronic tilt of 99° is used for channel model A and B to optimize the DL wideband SINR.
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DL Geometry of Urban Macro-mMTC(Cfg.B with channel mode A)
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DL Geometry of Urban Marco-URLLC(Cfg.A with channel mode A)
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