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Introduction
[bookmark: _Ref178064866]3GPP has as part of the New Study Item on Self Evaluation towards IMT-2020 Submission [1] agreed to “Provide self evaluation results against technical performance requirements for mMTC as per defined in Report ITU-R M.[IMT-2020. TECH PERF REQ]  [RAN1, RAN2], including Connection density”.
A IMT-2020 submission time plan has also been agreed [2] where the 3GPP meetings for submission of description and compliance templates according to report IMT-2020.SUBMISSION [3] are set. Part of the compliance template is the Compliance template for technical performance which for mMTC contains the minimum technical performance requirement item Connection density. To fulfil this requirement 3GPP must show that at least one of the candidate Radio Interface Technologies (RITs) included in the Set of Radio Interface Technologies (SRITs) submitted to ITU‑R supports a connection density of 1 000 000 devices per km2. The evaluation is to be performed in accordance to test environment Urban Macro-mMTC as described in report IMT-2020.EVAL [4].
As a starting point in the self-evaluation simulations it has been agreed to perform a calibration of the simulation environments. To support this activity a set of simulations assumption is about to be agreed in the mail thread [ITU-R AH 01] on the RAN reflector towards ITU. A summary of this email discussion is provided in [5].
In this contribution, we present initial input to the self-calibration exercise. We present the expected to be agreed output metrics from our initial calibration simulations. In Appendix A we also share the recorded antenna gain distributions to allow for early identification of any gaps in the assumptions made between the contributing companies.
Calibration settings
Calibration metrics
According to [5] it is proposed to present the downlink SINR and coupling loss metrics defined as follows:
· Downlink SINR is defined as the wanted signal in relation to interference and thermal noise. It is measured in the downlink. 
· Coupling loss that describes the relation in conducted signal strength at the antenna connector of the transmitting node to the conducted signal level at the receiving node.
Calibration parameters
The summary of the email thread [ITU-R AH 01] on the RAN reflector [5] also specifies the test environment to be used in the self-evaluation calibrations according to Table 1 below. The simulations presented in this contribution follows this set of assumptions. 
[bookmark: _Ref494315436]Table 1: Urban Macro-mMTC test environment definition [5][4].
	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
	816 Tx/Rx, (M,N,P,Mg,Ng) = (8,1,2,1,1), (dH,dV) = (N/A, 0.8)λ

+45°, -45° polarization
	816 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
	[9994°] in LCS
	[9390°] 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 

	30 / 150 / 270 degrees 


	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



It should be noted that Table 1 is aligned with the ITU-R assumption specified in [4] with one minor exception. According to ITU-R definitions an antenna element may be cross-polarized, meaning that the number of antenna elements per TRxP in the above table should be declared as 8 and not as 16.
[bookmark: _Toc498688337][bookmark: _Toc498688977][bookmark: _Toc498689388][bookmark: _Toc498689413][bookmark: _Toc498690526][bookmark: _Toc498695725]According to the ITU-R antenna element definition the number of BS antenna elements should be declared to as 8 and not 16 in Table 1.
Self-evaluation calibration results
Below we present results for long term coupling gain and downlink SINR as agreed in [5]. The results are shown for a set of base station antenna tilts in the range 0 to 9 degrees. Figure 1 and Figure 2 shows coupling gain distributions for Urban Macro A and Urban Macro B respectively. The recorded coupling gain includes all the components specified in the IMT-2020 SCM model [4], including components such as antenna gain, path gain and outdoor to indoor gain, with the exception for fast fading. 
In the SCM model the effective base station antenna gain is calculated as part of the 12-step procedure outlined in [4], and is e.g. based on the Azimuth and Zenith angles Of Departure and Arrival. The SCM model shifts the mean elevation angle upwards towards just below the horizon and introduces some angular spread. This is a consequence of that SCM are modelling buildings of height 20 meters and higher, which is similar to the base station antenna height (25 meters). As a result the antenna gain and coupling loss statistics are maximized for zero degrees tilt, which is an intuitive conclusion given the location of the SCM clusters.
[bookmark: _Toc498506991][bookmark: _Toc498508183][bookmark: _Toc498508382][bookmark: _Toc498512472][bookmark: _Toc498513405][bookmark: _Toc498513701][bookmark: _Toc498688338][bookmark: _Toc498688978][bookmark: _Toc498689389][bookmark: _Toc498689414][bookmark: _Toc498690527][bookmark: _Toc498695726]A zero degrees BS antenna tilt optimizes the coupling loss for Urban Macro A and Urban Macro B in Configuration A and Configuration B.
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[bookmark: _Ref498513431]Figure 1 Coupling gain for Urban Macro A in Configuration A (left) or Configuration B (right).
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[bookmark: _Ref498459943]Figure 2 Coupling gain for Urban Macro B in Configuration A (left) or Configuration B (right).
Figure 3 and Figure 4 shows the downlink SINR which takes interference and the agreed thermal noise density into account. It is seen that an antenna tilt of 4 degrees optimizes the DL SINR in Configuration A while a tilt of 0 degrees is optimal for Configuration B.
[bookmark: _Toc498506992][bookmark: _Toc498508184][bookmark: _Toc498508383][bookmark: _Toc498512473][bookmark: _Toc498513406][bookmark: _Toc498513702][bookmark: _Toc498688339][bookmark: _Toc498688979][bookmark: _Toc498689390][bookmark: _Toc498689415][bookmark: _Toc498690528][bookmark: _Toc498695727]A down tilt of the BS antenna can improve the DL SINR for Urban Macro B in Configuration A and Configuration B.
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[bookmark: _Ref498508406]Figure 3 Downlink SINR for Urban Macro A in Configuration A (left) or Configuration B (right).
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[bookmark: _Ref498460784]Figure 4 Downlink SINR for Urban Macro B in Configuration A (left) or Configuration B (right).
For comparison results are also presented with the SCM model deactivated. In these results the base station antenna gain for each link is calculated based on the line of sight direction between the BS and UE. Hence, a UE positioned in the middle of the main lobe of the antenna will experience the maximum antenna gain.
A significant difference can be seen between the results with and without the SCM model active. A larger antenna tilt results in better performance when the SCM model is deactivated. In the case of Configuration B the best coupling gain when SCM is not used can be observed at a down tilt of 3 degrees for which the main antenna lobe points towards the hexagonal cell centre. When SCM is activated the coupling loss increases significantly at 3 degrees tilt, as seen in Figure 3 and Figure 5, since the main antenna lobe is directed below the highly elevated SCM clusters. 
[bookmark: _Toc498506993][bookmark: _Toc498508185][bookmark: _Toc498508384][bookmark: _Toc498512474][bookmark: _Toc498513407][bookmark: _Toc498513703][bookmark: _Toc498688340][bookmark: _Toc498688980][bookmark: _Toc498689391][bookmark: _Toc498689416][bookmark: _Toc498690529][bookmark: _Toc498695728]Compared to traditional channel modelling the Urban Macro B SCM model has for a given antenna tilt a significant impact on coupling loss and SINR statistics.
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[bookmark: _Ref498513609]Figure 5 Coupling gain for Urban Macro B in Configuration A (left) or Configuration B (right) with SCM model deactivated.
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Figure 6 Downlink SINR for Urban Macro B in Configuration A (left) or Configuration B (right) with SCM model deactivated.
Based on these observations it is proposed to use 4 degree tilt for Configuration A and 0 degree tilt for Configuration B. This setting offers reasonable coupling statistics and good SINR statistics. It also provides an opportunity to calibrate tilt functionality between simulators.
[bookmark: _Toc498507329][bookmark: _Toc498507346][bookmark: _Toc498508186][bookmark: _Toc498508385][bookmark: _Toc498512475][bookmark: _Toc498513408][bookmark: _Toc498513704][bookmark: _Hlk498523854]For the IMT-2020 calibration campaign agree to use 4 degree tilt (i.e. 94 degree “Electronic tilt” in Table 1) for Configuration A and 0 degree tilt (i.e. 90 degree “Electronic tilt” in Table 1) for Configuration B.
Conclusions
In this contribution, we have presented initial input to the IMT-2020 mMTC self-evaluation calibrations. Statistics in terms of downlink SINR, coupling loss and antenna gain has been presented to aid alignment between the various simulator environments used for the 3GPP IMT-2020 system level evaluations. Based on these results we make the following observations:
Observation 1	According to the ITU-R antenna element definition the number of BS antenna elements should be declared to as 8 and not 16 in Table 1.
Observation 2	A zero degrees BS antenna tilt optimizes the coupling loss for Urban Macro A and Urban Macro B in Configuration A and Configuration B.
Observation 3	A down tilt of the BS antenna can improve the DL SINR for Urban Macro B in Configuration A and Configuration B.
Observation 4	Compared to traditional channel modelling the Urban Macro B SCM model has for a given antenna tilt a significant impact on coupling loss and SINR statistics.

Based on these observations we make the following proposal: 

Proposal 1 		Proposal 1	For the IMT-2020 calibration campaign agree to use 4 degree tilt (i.e. 94 degree “Electronic tilt” in Table 1) for Configuration A and 0 degree tilt (i.e. 90 degree “Electronic tilt” in Table 1) for Configuration B.
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To assist the calibration campaign we here provide antenna gain distributions for Urban Macro A (Figure 7) and Urban Macro B (Figure 8) for Configuration A and Configuration B. 
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[bookmark: _Ref498512490]Figure 7 Antenna gain for Urban Macro A in Configuration A (left) or Configuration B (right).
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[bookmark: _Ref498512502]Figure 8 Antenna gain for Urban Macro B in Configuration A (left) or Configuration B (right).
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