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1
Introduction
In [1], we presented an overview of the coverage enhancement techniques for MTC devices, where two general approaches are compared in terms of:

· Standard impact
· HW/SW implementation of eNB and UEs

· Spectral efficiency 

· Device power efficiency

The two general approaches are:
1. Coverage enhancements based on extended TTI bundling

2. Enhancement techniques through small cell deployments

In this contribution, we present link and system analysis to evaluate the gain of these two approaches. 

2
Evaluation of MTC Coverage
2.1
Link Level Analysis for TTI Bundling 
For PUSCH/PDSCH, extended bundling is considered for coverage limited users, e.g. bundling size of 128 for coverage enhancements of 19 dB for PUSCH. In the last meeting, we raised the following practical issues to be considered while evaluating the gain of large bundling:
1. Tracking loop and phase discontinuity

a. Operating at extremely low SNR with large TTI bundle size, e.g. 128, requires coherent averaging of the estimated channel or pilot. As shown in [3], large bundling gain can be achieved if we assume perfect tracking loop and close to zero Doppler in the channel. 
b. On the other hand, in current RAN4, there is no specification on the transmitter phase/frequency accuracy across multiple subframes. A low cost device may use cheap RF components, which does not maintain phase continuity across such long duration. In addition, the frequency tracking loop may be inaccurate at extremely low SNR, which results in additional frequency uncertainty. The bundling gain is significantly reduced when we assume some residual un-compensated frequency error [3].
2. The TDD and half duplex operations, the phase continuity can not be maintained when the TX is switched on and off. 
3. With large retransmissions for both DL and UL, the power consumption needs to be considered for those devices that operate on battery. 

Based on the offline discussion, the agreed simulation assumptions are:

Table 1. Simulation assumptions on PUSCH for repetition
	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD or TDD

	Carrier frequency
	2.0 GHz for FDD/ 2.6GHz for TDD

	Antenna configuration
	1x2, low correlation for FDD; 1x8, low correlation for TDD

	Channel model
	EPA

	Doppler shift
	1Hz or 2Hz

	MCS
	0

	Number of allocated UL PRBs
	1

	Transmission mode
	TM1

	Frequency error
	100Hz or 20Hz

	Performance target
	10% iBLER

	Channel estimation
	Channel estimation needs to be clarified in the contribution


Figure 1 presents the link level results for PUSCH with Doppler shift of 2 Hz and residual frequency error of 100 Hz. As a reference, Figure 2 presents the simulation results with ETU 3 km/hr and no frequency error. 
Based on the simulation results, the gain from currently supported TTI bundling size of 4 to 128 is about 7 dB when frequency error is modelled. On the other hand, without the frequency error modelling, the gain is about 15 dB. 
Proposal 1: 

· Request RAN4 clarification/specification for the phase/frequency continuity across subframes to determine the extent of TTI bundling. 
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Figure 1. Bundling Gain with Frequency Error Modelling
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Figure 2. Bundling Gain without Frequency Error Modelling
2.2
System Level Analysis for Coverage Enhancements through Small Cell Deployment 

We model small cell deployment in a standard macro cell layout using the channel models specified in [4]. We use 3GPP Model 1 for modeling the distance dependent path loss for a heterogeneous network. 

We consider both D1 (500m inter-site distance) and D3 (1732m inter-site distance) layouts. Our system evaluations are for fc=2GHz for D1 layout and fc=700MHz for D3 layout. We consider a co-channel deployment of macros with transmit power of 46 dBm (antenna gain of 14 dBi) and small cells with transmit power of 24 dBm (antenna gain of 5 dBi). We consider 10/20/40 small cells deployed per macro cell area. 

We consider 200 MTC UEs dropped uniformly per macro cell. We model 20% of these MTC UEs to have a severe penetration loss of 45dB, which is 25 dB more compared to the standard penetration loss of 20 dB assumed in [4]. Such severe penetration loss is chosen to model MTC UEs that are deployed in coverage limited areas such as basement of buildings. 

We evaluate the carrier-to-noise ratio (C2N) and the carrier-to-interference-plus-noise ratio (C2I) in the DownLink (DL) to strongest cell and the path loss in the UpLink (UL) to the cell with least path loss. We report the 5% of the downlink C2N and 5% of the downlink C2I. For uplink, we report both the 95% and 99% path loss. These simulation results are based on a 10 MHz bandwidth. 

Table 2 shows the coverage metrics for D1 layout at fc=2GHz. For the macro baseline without any small cells, we see a high UL path loss of 147.52dB at the higher tail. This is due to additional penetration loss of 25dB imposed on 20% of the UEs. We see that with small cell deployment, we reduce the required UL path loss by 11 dB with 20 small cells. Note that the small cell deployment does not severely impact the downlink interference. Table 3 shows the corresponding coverage metrics for D3 layout at fc=700MHz. For the D3 layout, which has larger inter-site distance, the macro baseline has a severe UL path loss of 158.14 dB. This scenario is coverage limited even on the DL, and small cell densification provides coverage improvements for both DL and UL. With 20 small cells, the UL path loss is reduced by 13 dB.
Table 1: Impact of small cell densification for D1 layout at 2GHz

	Scenario
	C2N (5%-ile) dB
	C2I (5%ile) dB
	UL path loss (95%ile) dB
	UL path loss (99%ile) dB

	Macro baseline
	1.67
	-3.42
	139.79
	147.52

	Macro + 10 small cells
	2.14
	-4.02
	131.12
	139.95

	Macro + 20 small cells
	2.71
	-4.29
	127.52
	136.39

	Macro + 40 small cells
	4.04
	-4.83
	121.72
	130.71


Table 2: Impact of small cell densification for D3 layout at 700MHz

	Scenario
	C2N (5%-ile) dB
	C2I (5%ile) dB
	UL path loss (95%ile) dB
	UL path loss (99%ile) dB

	Macro
	-8.68
	-9.17
	150.14
	158.14

	Macro + 10 small cells
	-7.98
	-8.61
	140.3
	149.4

	Macro + 20 small cells
	-7.3
	-8.07
	136.41
	145.64

	Macro + 40 small cells
	-5.48
	-7.13
	131.17
	140.82


Observation 2: 

Significant coverage enhancements can be achieved through small cell deployment. 

Proposal 2: 

Small cell, e.g. user deployed low power node, shall be considered in addition to other coverage enhancement techniques to meet the stringent coverage requirement while reducing the cost and power consumption of the MTC devices. 
3
Conclusion

In this contribution, we presented link and system analysis of different coverage enhancement techniques. We make the following conclusions:
1. Extended TTI bundling and retransmission can improve the coverage for data channels for stationary device with low Doppler, subject to extensive redesign of many other physical channels and procedures. Even so, it may not be sufficient to meet the 160 dB MCL for all channels, and is not suitable for battery operated device.  

2. A tiered architecture with low power nodes deployment can provide significant coverage enhancements while maintaining low power and cost for MTC devices. It should be considered with other coverage enhancement techniques to meet the overall design requirements. 
Detailed design tradeoffs of different coverage enhancement techniques are presented in [3].
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