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1. 
Introduction

Massive machine type communication (mMTC) is a key service to be enabled by NR as identified the RAN requirements study item [1]. There are at least three key KPIs for mMTC services, extended link budget, UE battery life and device density. In this contribution, we focus on the mMTC system level simulation assumptions and methodology for device density evaluation. In RAN NR design requirement 38.913 [1], device density requirement for mMTC is 

The target for connection density should be 1 000 000 device/km2 in urban environment.
To evaluate the mMTC device density, system level simulation can be used. In this contribution, we discuss and propose a few important assumptions for mMTC device density evaluation, including BS antenna configuration and additional penetration loss.

2. 
Summary of agreed SLS simulation assumption

In RAN1 meeting #85, many SLS simulation assumption has been agreed [3], as listed below. 
Table 1: Agreements for 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 modelling 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


To proceed with the SLS for mMTC device density evaluation, there are still some remaining simulation assumptions that need to be discussed and decided

1. Detailed BS antenna configuration 

2. Additional path loss to reflect the link budget requirement and deployment scenario for mMTC devices

3. 
Remaining assumption for mMTC SLS

3.1 BS antenna configuration

The currently agreed simulation assumptions only specifies the number of antenna ports and per antenna element gain (8dBi). One important aspect missing is antenna configurations and the TXRU to antenna element mapping.

In typical deployment for 1km cell radius, multiple antenna elements in a vertical antenna panel are jointly down tilted to create much higher antenna gain than 8dBi. So for actual antenna configuration, to reflect the real deployment, we propose the following table to clarify the antenna configuration settings 

Table 2 Antenna configuration setting
	

Attributes
	Values

	BS antenna configurations

	Rx: 2 and 4 ports (8 as optional)
(M,N,P,Mg,Ng) = (10, 1/2/4, 2,1,1), dv = dh = 0.5 λ

TXRU to antenna element mapping: 
(MTXRU, N, P, Mg, Ng) = (1, 1/2/4, 2, 1,1) 


Proposal 1: Adopt the clarified antenna configuration in Table 2
3.2 Additional penetration loss

We believe Table 2 more accurately reflects the actual deployment of mMTC service. In the sense that it results in effectively 18dBi antenna gain (8dBi + 10dB vertical electric downtilt with 10 antenna elements). In fact, 18dBi antenna gain was also used for NBIoT evaluation [2], instead of 8dBi per antenna element gain.

RAN requirement for the coverage of mMTC is 164dB MCL [1], which we believe should be based on 18dBi effective antenna gain since this reflects the actual deployment. 
However, based on the path loss calibration between companies [4], with new antenna configuration proposed in Table 2, the maximum pathloss based on the current mMTC SLS assumption is only around 150dB which, clearly, cannot reflect the deployment coverage requirement of mMTC. One potential reason for the discrepancy could be that TR36.873 does not consider the device in basement. So we would like to introduce additional (basement) penetration loss as follows
Table 3 Additional path loss

	

Attributes
	Values

	Additional penetration loss 

	For indoor UEs, X% [50%] of indoor UEs have additional penetration loss of Y [10, 15] dB.   


Proposal 2: Adopt the additional penetration loss in Table 3, value of X and Y for further discussion
4.
Conclusion

In this contribution, we propose the additional mMTC SLS simulation assumption to ensure that mMTC SLS fully reflects the real deployment and mMTC coverage requirement, including antenna configurations and additional penetration loss. Our proposals are as follows

Proposal 1: Adopt the clarified antenna configuration in Table 2
Proposal 2: Adopt the additional penetration loss in Table 3, values of X and Y are for further discussion
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