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1. Introduction
MTC devices are typically expected to be deployed indoor with some devices in basements, underground, or embedded in objects, where they may be subjected to deep penetration losses. The target MCL for mMTC is to support 164dB [1]. In RAN1 #85, the 3D UMa had been agreed as the channel model used for mMTC SLS evaluation [2]. In this paper, we study the 3D UMa channel model for mMTC to see whether the interested scenarios are be covered by 3D UMa or not. 
2. Evaluation on 3D UMa for mMTC 
The agreed simulation assumptions for mMTC SLS parameters in RAN1 #85 are listed in Table 1 [2]. 
Table 1 SLS parameters for UL mMTC scenario – urban coverage for massive connection
	Attributes 
	Values or assumptions 

	Layout 
	Single layer 
 - Macro layer: Hex. Grid 

	Inter-BS distance 
	1732m 

	Carrier frequency 
	700MHz 

	Simulation bandwidth 
	Companies report simulation bandwidth used in evaluation 

	Channel model 
	3D UMa 
Take 5GCM output into account if applicable. 

	Tx power 
	UE: Max 23dBm or optional 10dBm

	BS antenna configuration 
	Rx: 2 and 4 ports (8 as optional) 

	BS antenna pattern 
	Follow the modeling of TR36.873 

	BS antenna height 
	25m

	BS antenna tilt 
	Companies report tilt 

	BS antenna element gain + connector loss 
	8 dBi, including 3dB cable loss 

	BS receiver noise figure 
	5 dB 

	UE antenna elements 
	1Tx

	UE antenna height 
	1.5m 

	UE antenna gain 
	-4dBi 

	Traffic model 
	Non-full buffer small packet. Consider future trend of mMTC traffic 

	UE distribution
	20% of users are outdoor in cars (100km/h) or 20% of users are outdoors (3km/h)
80% of users are indoor (3km/h) 
Users dropped uniformly in entire cell 

	BS receiver 
	MMSE-IRC as baseline, Advanced receiver is not precluded

	UL power control 
	Companies report power control scheme 

	Channel estimation
	Realistic



Although the agreed setting is mainly for UL simulation, due to the channel reciprocity, the same channel model should be applied for DL. For easier modeling of the interference source, we use the DL simulation results to discuss the 3D UMa model for mMTC in this paper. 
2.1  Simulation bandwidth 
We set channel bandwidth 1.4MHz for evaluation. Two BS tx power configurations are studied. 
Scenario 1: BS Tx power 46dBm over 1.4MHz bandwidth (i.e., mMTC standalone scenario)
Scenario 2: BS Tx power 46dBm over 10MHz bandwidth; 36.8dBm over 1.4MHz (i.e., mMTC inband coexisted with eMBB)
2.2  BS antenna tilt angle 
In [3], the settings for 3D UMa evaluation in urban macro cell are ISD 500m and BS tilt angle 12 degree. In 3D channel model, with the larger antenna elements in one antenna port, the narrower beam can be formed and the better antenna gain (beamforming gain) can be obtained. The BS antenna tilt angle should be adjusted to serve the cells with different cell radius. In this section, we evaluate the BS antenna tilt angle to serve the ISD 1.732Km for urban coverage for massive connection [1]. 
The BS antenna configuration follows Table 7.1-7 in [3], where the co-pol structure are adopted with number of horizontal antenna elements 2 and polarization slant angle 0 degree, the vertical antenna element spacing is 0.5 and the number of antenna elements with the same polarization in each column is 10. 
Other system parameters settings follow Table 1. 
Scenario 1: BS Tx power 46dBm over 1.4MHz bandwidth  (standalone)
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	Figure 1 (a)
	Figure 1 (b)



Scenario 2: 36.8dBm over 1.4MHz (inband)
	


	Figure 2



From Figure 1(a), 1(b) and 2, it is observed that with the BS antenna height 25m, as the BS tile angle set too large (greater than 8 degree in the scenario 1 and greater than 7 degree in the scenario 2), the low SINR region raises significantly. That is because with larger BS antenna tilt angle, the BS antenna 3dB beamwidth cannot provide the full coverage of the cell, illustrated in Figure 3. For the case that the 3dB beamwidth cannot cover the outer area of the cell, the SINR degrades seriously because in addition to the poor antenna gain, this area usually is with larger pathloss. 


Figure 3 3dB beamwidth coverage with large BS tile angle  
On the other hand, for antenna tilt angle less than 7 degree for the both scenarios, the SINR curves are mostly overlapped with only slightly differences in the tail values. For the BS antenna height 25m with 10 antenna elements forming an antenna port, the BS antenna tile angle sets to 6 can well covered the outer area of the cell size. Thus, we propose to tune the BS antenna tilt angle sets to 6 degree for the 3D UMa with ISD 1.732Km. 
Proposal 1: For urban coverage for mMTC with ISD 1.732km, the antenna tilt angle should be set to 6 degree.
3. The comparisons between 3D UMa and NB-IoT channel model 
The 3D channel model tends to capture the elevation characteristics of the channel and to model users in different floors of the building. However, this channel model does not take into account the users (devices) in the basement or underground scenarios, where some MTC devices are expected to be placed (e.g., up to 164dB MCL as a design target in NR for mMTC [1]). To model these scenarios, the building penetration loss (BPL) model in [4] is adopted for NB-IoT targeting to 164dB MCL in SI phase. BPL is used to reflect the attenuation characteristics of the construction materials. The channel model settings for NB-IoT evaluation are summarized in Table 2 and the detailed BPL model is shown in the appendix. 
Table 2 Channel model used for NB-IoT
	Pathloss model
	L=I + 37.6log10(.R), R in kilometers
I=120.9 for the 900 MHz band
I=118.5 for the 700 MHz band

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	110 m 

	Shadowing correlation
	Between cell sites
	0.5

	
	Between sectors of the same cell site
	1.0 

	Antenna pattern (horizontal)
(For 3-sector cell sites with fixed antenna patterns) 
	See table 5-7, 3GPP TR 45.914, 65° H-plane.

	BS antenna gain
	18 dBi

	MS Antenna gain
	-4 dBi

	BS cable loss
	3 dB

	Building Penetration Loss
	Based on distributions derived from adapted COST 231 NLOS model. See clause D.1 of TR 45.820 and note 5

	Inter-site correlation coefficient
	Two inter-site correlation coefficients will be used for simulations: 0.5 and 0.75



In this section, we compare the 3D UMa channel model with the channel model used for NB-IoT. The system configurations follow Table 1 and the only difference is to replace the 3D UMa channel model with the model listed in Table 2. Note that the pathloss model should be adjusted to I=118.5 for the carrier frequency operated in 700MHz for NB-IoT channel model. The stand alone scenario is studied, i.e., the BS tx power is 46dBm over 1.4MHz bandwidth.  
For 3D UMa model, BS antenna tilt angle is set to 6 degree as suggested in proposal 1. Figure 4(a) and 4(b) show the simulation results. 3D UMa channel model has better geometry due to better antenna beamforming performance. However, if we room in into the low SINR region in Figure 4(b), we can find that the minimum SINRs of 3D UMa and NB-IoT channel model are -7dB and -25 dB, respectively. The NB-IOT channel mode reflects the devices in the basement with deep penetration losses which is in the noise limited scenario. However, the 3D UMa model does not capture these scenarios. Although the percentage of these devices is not high, the devices in the low SINR region consume large radio resources and it impacts the system design. Thus, we propose to adopt building penetration loss model in addition to the 3D UMa model for mMTC system evaluation. 
	

	


	Figure 4(a)
	Figure 4(b)



Proposal 2: To support the coverage extension scenario for mMTC, the building penetration loss model in Annex D.1 of TR 45.820 should be added in addition to 3D UMa channel model.
Moreover, the massive devices (106 connections /Km2) are expected to be considered for mMTC. The channel coefficient computation complexity for 3D UMa is quite high, especially in the large antenna elements and large number of antenna ports scenario. The other option is to consider using NB-IoT channel model for mMTC system evaluation.   
Proposal 3: To consider the channel coefficient computation complexity of 3D UMa channel model and to support massive connections, to adopt NB-IoT channel model for mMTC system evaluation is an option. 
4. Conclusions
In this paper, 3D UMa channel model for mMTC are evaluated. The following proposals are made:
Proposal 1: For urban coverage for mMTC with ISD 1.732km, the antenna tilt angle should be set to 6 degree.
Proposal 2: To support the coverage extension scenario for mMTC, the building penetration loss model in Annex D.1 of TR 45.820 should be added in addition to 3D UMa channel model.
Proposal 3: To consider the channel coefficient computation complexity of 3D UMa channel model and to support massive connections, to adopt NB-IoT channel model for mMTC system evaluation is an option. 
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6. Appendix
Building Penetration Loss (BPL) model in [4]
The building penetration loss is a component of the overall path loss model for cellular devices in conditions of deep penetration loss and is in addition to the outdoor pathloss model (see simulation assumption#8 in Table D.1). 
Path loss indoor = outdoor path loss + Building Penetration Loss
The building penetration loss model for this study is based on the COST 231 Non Line of Sight (NLOS) model for building penetration loss which is adapted to reflect the attenuation characteristics of both old and modern construction materials and also with parameters chosen to reflect the expected environment in which cellular IoT devices will be placed. 
Building Penetration Loss = External wall penetration loss + max (Tor1, Tor3) – GFH
Tor1 = Wi*p, where Wi is the loss in internal walls and p is the number of penetrated internal walls.

Wi = 4-10 dB (uniformly distributed)

p =0, 1, 2 or 3 (with p =3 also accounting for devices in deep penetration loss e.g. basement)
Tor3 = alpha*d, where alpha is the penetration distance coefficient and d is the penetration distance.

Penetration distance coefficient (alpha) = 0.6 dB/m

d = uniformly distributed in the range 0-15m

GFH = n*Gn, where Gn is the floor height gain per floor, n is the floor number

n = 0,1,2,3 or 4 (uniform distribution)

Gn = 1.5 dB/floor 

External wall loss is modelled as uniformly distributed either in range 4-11 dB, 11-19 dB or 19-23 dB.

The two scenarios to be simulated for the evaluation in this study are summarized in Table D.2 (scenario#1) and Table D.3 (scenario#2)

Table D.2: Definition of scenario#1 for building penetration loss
	Distribution of external wall penetration loss

	External wall penetration loss
	4-11 dB
	11-19 dB
	19-23 dB

	Percentage of devices uniformly distributed in range
	25%
	65%
	10%

	Assumptions related to additional penetration loss due to internal walls

	Percentage of devices mapped to case p=3 ( with remaining devices equally distributed among cases p=0,1,2)
	15%

	Assumption for dependency of penetration loss of internal walls of a building. 
	Independent i.e. a different value of Wi is randomly generated for each internal wall. 




Table D.3: Definition of scenarios#2 for building penetration loss
	Distribution of external wall penetration loss

	External wall penetration loss
	4-11 dB
	11-19 dB
	19-23 dB

	Percentage of devices uniformly distributed in range
	25%
	50%
	25%

	Assumptions related to additional penetration loss due to internal walls

	Percentage of devices mapped to case p=3 ( with remaining devices equally distributed among cases p=0,1,2)
	20%

	Assumption for dependency of penetration loss of internal walls of a building. 
	Dependent i.e. one value of Wi is randomly generated and applies to all internal walls.
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