
3GPP TSG-RAN WG1 #86



     R1-166394 
August 22nd – 26th, 2016 
Gothenburg, Sweden
Agenda Item:   8.1.7
Source: 
     Qualcomm Incorporated
Title: 
     mMTC system level simulation assumptions
Document for:  Discuss/Decision
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 and methodology for mMTC device density evaluation, including traffic model, additional building penetration loss model and the evaluation methodology for determining supportable mMTC device density. Note that, the model proposed in this contribution was modified based on the device density evaluation assumptions used in NB-IoT study [2].
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. Traffic model

2. Additional path loss (Building Penetration Loss, BPL) model to reflect the link budget requirement and deployment scenario for mMTC devices

3. 
Traffic model and additional BPL loss model

As we discussed before, in order to evaluate the capacity (supportable density) of mMTC device, we need to agree on the traffic model. A good starting point is to use the Mobile Autonomous Reporting (MAR) periodic uplink traffic model agreed in NB-IoT [2] , which models common cellular machine type applications such as smart utility (gas/water/electric) metering reports, smart agriculture, smart environment etc.
Table 2 MAR periodic UL reporting traffic model [2]
	Characteristic
	

	Application payload size distribution
	Pareto distribution with shape parameter alpha = 2.5 and minimum application payload size = 20 bytes with a cut off of 200 bytes i.e. payloads higher than 200 bytes are assumed to be 200 bytes.

	Periodic inter-arrival time
	Split of inter-arrival time periodicity for MAR periodic is: 1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%)


It is important to note, even the traffic model is the same as NB-IoT evaluation, the capacity or device density requirement is significantly difference between NR and NB-IoT. In NB-IoT, the design requirement for device density is 60,680 devices/km^2, while for NR, the design requirement is 1,000,000 devices/km^2 which is already 16.5X the NB-IoT requirement.

Proposal 1: Use MAR periodic UL reporting traffic model for mMTC device density evaluation, considering that NR device density design requirement is already 16.5X of the NB-IoT requirement 

The other important factor we need to consider is the deployment requirement for mMTC device, where mMTC device needs to be serviced at MCL 164dB. The SLS simulation assumption currently agreed in Table 1 may not fully reflect the deployment scenario for mMTC device, because MCL is only around 140dB. We propose to have additional BPL (Building Penetration Loss) model to reflect the mMTC deployment requirement.  
The building penetration loss is a component of the overall path loss model for cellular devices indoor. For all indoor users, additional Building Penetration Loss is added  

Path loss indoor = path loss computed in Table 1 + Building Penetration Loss

Similar to NB-IoT study, the building penetration loss model for this study is based on the COST 231 Non Line of Sight (NLOS) model for building penetration loss with parameters chosen to reflect the expected environment in which cellular IoT devices will be placed. 

Building Penetration Loss = Scaling * (External wall penetration loss + max (Tor1, Tor3) – GFH)
Scaling = 0.42

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.

Table 3: Definition of 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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Figure 1: Building Penetration Loss CDF
Figure 1 shows the CDF plot of the Building Penetration Loss.
Proposal 2: Adopt the proposed Building Penetration Loss model for indoor users, in order to reflect the deployment scenario and design requirement for mMTC

Proposal 3: Path loss calibration between companies to ensure that MCL164dB design requirement is adequately addressed in the SLS simulation assumptions.

4. 
mMTC device density evaluation methodology

To evaluate the mMTC device density, we propose similar methodology as used in NB-IoT study [1] to use the delivered number of UL reports, compared with generate UL reports, as performance metric. In other words, with sufficient enough simulation statistic, 

Denote 
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 as the number of UL reports generated across all mMTC devices during the simulation duration.

Denote 
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 as the number of UL reports delivered across all mMTC devices during the simulation duration.

With sufficient simulation statistics, supportable device density is define as the maximum number of mMTC devices to satisfy 
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Proposal 4: Supportable mMTC device density can be evaluated as the maximum device density that has the number of delivered UL reports being greater than 99% of the number of generated UL reports, e.g. 
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5.
Conclusion

In this contribution, we propose the mMTC SLS simulation assumption, including traffic model and Building Penetration Loss, as well as the methodology for device density evaluations. Our proposals are as follows

Proposal 1: Use MAR periodic UL reporting traffic model for mMTC device density evaluation, considering that NR device density design requirement is already 16.5X of the NB-IoT requirement 

Proposal 2: Adopt the proposed Building Penetration Loss model for indoor users, in order to reflect the deployment scenario and design requirement for mMTC

Proposal 3: Path loss calibration between companies to ensure that MCL164dB design requirement is adequately addressed in the SLS simulation assumptions.

Proposal 4: Supportable mMTC device density can be evaluated as the maximum device density that has the number of delivered UL reports being greater than 99% of the number of generated UL reports, e.g. 
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