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1. Data Rate Coverage for NB-IoT UE

NB-IoT DL has been specified following the existing LTE numerology to ensure the coexistence when deployed within existing LTE carriers, i.e. using 15kHz multi-tone with similar structure as one PRB. Based on the received SINR, the achievable DL data rate will be adapted by applying different modulation and coding scheme.

For NB-IoT UL, there are three modes specified:
· Single-Tone 	3.75kHz
· Single-Tone 	15kHz
· Multi-Tone 	15kHz
The single-tone is specified mainly for the extreme coverage scenario (e.g. UE located in a basement), allowing a UE to concentrate its limited power resource over a smaller bandwidth thus increasing the received SINR for successful decoding. It also provides additional benefit by lower PAPR and hence both a higher PA efficiency and a lower current consumption. Outside the extreme coverage region (e.g. when getting closer to eNB), the transmit power resource will be sufficient to support multi-tone transmission and hence data rates can be increased. 

Figure 1 provides an example on the achievable data rate in DL (a) and UL (b) over different coverage area based on a normal cellular layout; the system parameter assumptions for simulation are specified in Appendix (see also GERAN TR45.820).


Figure 1 Data rate coverage by NB-IoT (a) DL and (b) UL

According to Figure 1b, it is clear that most of the coverage area within a cell can support multi-tone hence higher data rate transmission. This performance can satisfy many of the IoT applications served by today’s networks hence allowing NB-IoT to be a qualified candidate for migration.

In addition, Figure 1a shows that NB-IoT DL can also achieve >50kbps data rate over 75% of the coverage area. With the comparable UL performance by having >90% coverage with >20kbps data rate for UL, NB-IoT can support much broader applications such as small data communication for e.g. wearable devices or asset tracking (even with limited mobility support). 
Observation 1: Most of the coverage within the cell can support multi-tone transmission for NB-IoT UL.
A NB-IoT UE supporting only single-tone UL would achieve very low data rates (e.g. <<1kbps) over the entire coverage area which may prove a bottleneck to the DL performance (i.e. insufficient UL feedback capacity). This would also have a detrimental impact on the overall system resources as these could not be freed up as fast as when higher data rates are used. It should indeed be observed that the 3GPP system (except for common channels) is rarely designed for the worst radio conditions only, but is engineered to make the best use of resources according to the link quality. The ability to do link adaptation is an invaluable means to optimize the use of system resources. 
Observation 2: Supporting all 3 transmission modes enables an optimized use of system resources, avoiding dimensioning for the worst case only.
Furthermore, it is questionable whether supporting and dimensioning the system primarily around extremely low data rate application is the right way forward; it should be the exception rather than the rule. We believe NB-IoT should not only unlock the LPWA market for MNOs, it should be much more versatile to offer additional value as well. 
Observation 3: Single-tone only UE will result in very limited data rate performance (e.g. <<1kbps) and limited use case for NB-IoT network. NB-IoT should not only unlock the LPWA market for MNOs, it ought to outperform proprietary solutions in unlicensed spectrum as well thus enabling a much wider market and value creation. 
We also would like to stress that supporting all 3 transmission modes has marginal impact on UE complexity, driven by the hardware requirements already imposed for the downlink. With this in mind, NB-IoT can not only equal and outperform proprietary LPWA solutions, it can also do so in a competitive way.
Observation 4: NB-IoT with all 3 transmission modes, can not only match but outperform proprietary LPWA solutions, it can do so with competitive complexity/cost impact. 

2. Proposal

Supporting all 3 transmission modes would not only allow to address the LPWA market, it would also enable addressing a much wider range of applications, hence bringing significant additional value to MNOs and the industry, with marginal cost implications whilst enabling an optimized use of system resources. It is also very important to enable the highest economies of scale for the NB-IoT ecosystem hence to avoid fragmentation – this is the best way to ensure the most cost-effective solution will then be available. With this in mind, we would like to make the following proposal, similar to what was originally proposed in [1] 

 Proposal 1: NB-IoT UE shall support single-tone 3.75kHz, single-tone 15kHz and multi-tone 15kHz in a mandatory manner 

3. References
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Appendix
[bookmark: _Ref429363926]Assume that DL TBS is 520 bits and UL TBS is 776 bits, and the system level simulation parameters are listed in Table 1.  
Table 1. Assumptions for system level simulations in standalone operation mode
	No
	Parameter
	Assumption

	1
	Cellular Layout
	Hexagonal grid, 3 sectors per site

	2
	Frequency band
	900 MHz

	3
	Inter site distance 
	1732 m

	4
	MS speed 
	0 km/h as the baseline

	5
	User distribution
	Users dropped uniformly in entire cell

	6
	BS transmit power per 200 KHz (at the antenna connector)
	43 dBm

	7
	MS Tx power (at the antenna connector)
	Max. 23 dBm per uplink physical channel with open loop power control

	8
	Pathloss model
	L=I + 37.6log10(.R), R in kilometers
I=120.9 for the 900 MHz band

	9
	Shadowing standard deviation
	8 dB

	10
	Correlation distance of Shadowing
	110 m 

	11
	Shadowing correlation
	Between cell sites


	0.5

	
	
	Between sectors of the same cell site
	1.0 

	12
	Antenna pattern (horizontal)
(For 3-sector cell sites with fixed antenna patterns) 
	See table 5-7, 3GPP TR 45.914, 65° H-plane.

	13
	BS antenna gain
	18 dBi

	14
	MS Antenna gain
	-4 dBi

	15
	BS cable loss
	3 dB

	16
	Building Penetration Loss
	Based on distributions derived from adapted COST 231 NLOS model. See clause D.1 of TR 45.820 and note 5

	17
	Inter-site correlation coefficient
	Two inter-site correlation coefficients will be used for simulations: 0.5 and 0.75
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