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NB M2M - Coverage Performance Evaluation
1 Introduction
One of the objectives of Cellular IoT study item [1] is to “provide a data rate of at least 160 bps (on both the uplink and downlink) at the (equivalent of) the SAP to the SNDCP layer with the aim of achieving an extended coverage of 20 dB compared to legacy GPRS (Non EGPRS)”.

In GERAN#63 it was agreed that “The methodology to calculate Maximum Coupling Loss (MCL) in sub-clause 5.2.1.2 of 3GPP TR 36.888 is reused for the evaluation of coverage performance” [2]. Furthermore, a set of working assumptions for MCL evaluation was also agreed [3].
In Cellular IoT telco#4 it was agreed that “MCL for Legacy GPRS is 144.0 dB” [4]. This is translated to a MCL target of 164 dB for any candidate solution for Cellular IoT. As part of this agreement, the receiver noise figures were updated to 3 dB and 5 dB for the uplink and the downlink, respectively.
This document provides link level simulation results to show how the MCL target of 164 dB can be achieved for data channels in NB M2M [5].

2 Performance target
2.1 Required SINR
The required SINRs for NB M2M uplink and downlink can be backward derived using the MCL calculation table, as shown in Table 1. This table uses the uplink and downlink channel bandwidths for NB M2M as described in [5]. The downlink transmit power of +32.2 dBm is derived as +43 dBm split equally between the 12 available NB M2M downlink channels. So, the analysis in Table 1 corresponds to individual uplink and downlink channels, within the overall NB M2M physical layer design. 
Table 1. Backward derivation of Required SINR for NB M2M based on the target MCL
	
	Uplink
	Downlink

	Transmitter
	
	

	(1) Total Tx power (dBm)
	23
	32.2

	Receiver
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174

	(3) Receiver noise figure (dB)
	3
	5

	(4) Interference margin (dB)
	0
	0

	(5) Occupied channel bandwidth (Hz)
	3750
	12000

	(6) Effective noise power

= (2) + (3) + (4) + 10 log((5)) (dBm)
	-135.3
	-128.2

	(7) Required SINR (dB)
	-5.7
	-3.6

	(8) Receiver sensitivity

         = (6) + (7) (dBm)
	-141
	-131.8

	(9) Rx processing gain (dB) *
	0
	0

	Maximum coupling loss
	
	

	(10) MCL = (1) – (8) + (9) (dB)
	164
	164


  * The Rx processing gain is reflected in “Required SINR”.
It can be seen that for NB M2M, PUSCH should target an SINR of -5.7 dB. If an SINR of x dB is achieved, the MCL is (-5.7 – x) + 164 dB.

Similarly, for PDSCH the target SINR is -3.6 dB. If an SINR of y dB is achieved, the MCL is (-3.6 – y) + 164 dB.
2.2 PHY data rate
The 160 bps data rate mentioned in [1] was derived by assuming an 80-byte SDU at the top of (equivalent of) SNDCP layer coupling with 4-second latency.

The header overhead of (equivalent of) SNDCP down to MAC (e.g. SNDCP, LLC, RLC/MAC in Gb mode) layer can be estimated to be about 20 bytes. Hence the required minimum PHY data rate is approximately (80 + 20) * 8 / 4 = 200 bps.
Note that, as indicated in [1], the above PHY data rate is only applicable to transmission of PDUs for a layer higher than (equivalent of) SNDCP. For extremely short signalling messages generated at e.g. the MAC layer, the PDU at the SAP to the PHY layer can be as small as only a few bytes. In this case it is more efficient to transmit the MAC PDU with a short burst and no padding but at a lower PHY data rate (as is done in NB M2M) than with a “normal” burst and a lot of padding bits but at a “higher” PHY data rate when including the padding (as is done in GSM). The physical layer of NB M2M is designed to work quite flexibly with MAC PDU sizes ranging from a few bytes to hundreds of bytes (and the MAC layer of NB M2M allows much larger packets to be fragmented into many PDUs).
3 Uplink performance
3.1 Frequency error

The uplink frequency error model proposed in [6] was adopted in the simulations, i.e. the uplink frequency offset F_offset(t) at time t relative to the start of an uplink transmission was modelled as follows:
F_offset(t) = F_est_error + (F_drift_inactive *T_inactive) + (F_drift_active * t)
where F_est_error, F_drift_inactive, and T_inactive were assumed to be ±45Hz (see [7]), 0.01 ppm/sec and 0.025 ppm/sec, respectively. This is illustrated in Figure 1.
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Figure 1. Frequency error model used in PUSCH simulations
3.2 Other simulation parameters
Other simulation parameters are listed in Table 2. Three code block sizes were simulated, representing the minimum value, an intermediate value, and the maximum value.
Table 2. Other simulation parameters for PUSCH
	Parameter
	Value

	Frequency band (MHz)
	900

	Antenna configuration
	1T2R

	Interference/noise
	Sensitivity

	Propagation channel model
	TU

	Doppler spread (Hz)
	1

	Timing error (ms)
	0

	Channel spacing (kHz)
	5

	Symbol rate (kSym/s)
	3.75

	Channel bonding
	Off

	Spreading factor
	1

	Repetition factor
	2, 3, 4, 7, 10

	Modulation
	GMSK with BT = 0.3

	CRC (bit)
	24

	FEC
	1/3 turbo code

	Code block size (bit)
	40
	432
	864

	Burst length (ms)
	40
	480
	960

	Code rate
	0.4
	0.36
	0.36


3.3 Simulation results
The simulation results for the uplink are shown in Figure 2. 
A maximum transmit power of +23 dBm from the MTC device has been assumed. We believe that this is a more appropriate assumption for low cost IoT devices than the maximum transmit power of +33 dBm that is allowed by legacy GPRS.

Unlike GSM, the NB M2M design provides considerable flexibility in terms of burst lengths in order to improve overall efficiency, and therefore the BLER results correspond to the block error rate for the overall burst.
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Figure 2. PUSCH performance
For a selection of burst lengths and repetition factors, the required SINR at 10% BLER, the corresponding MCL, and the associated PHY data rate are summarized in Table 3. It can be seen that for typical code block sizes (432 or 864 bits), the MCL target of 164 dB and PHY data rate target of 200 bps can be jointly achieved. For extremely small code block sizes (40 bits), the MCL target can also be achieved with a PHY data rate of >100 bps, and, as mentioned previously, these small code blocks can be transmitted with no wasted resource for padding.

Table 3. Summary of PUSCH performance
	Burst length (ms)
	Code block size (bit)
	Repetition factor
	SINR@10% BLER (dB)
	MCL (dB)
	PHY data rate
(bps)

	40
	40
	7
	-5.7
	164
	142.9

	
	
	10
	-7.2
	165.5
	100

	480
	432
	3
	-5.9
	164.2
	300

	
	
	4
	-7.1
	165.4
	225

	960
	864
	2
	-4.9
	163.2
	450

	
	
	3
	-6.7
	165
	300

	
	
	4
	-7.8
	166.1
	225


4 Downlink performance
4.1 Frequency error
The main mechanism for frequency drift during uplink transmissions is thermal transients impacting the local frequency reference due to the power dissipation of the transmit PA on the C-IoT module. In contrast, during downlink reception the power dissipation will be much lower as the PA is inactive. Therefore, for the purposes of modelling the downlink performance, it is assumed that the frequency error will not exceed the initial downlink frequency error estimation accuracy from the synchronizer, i.e. ±45Hz as indicated in section 3.1.

4.2 Other simulation parameters
Other simulation parameters are listed in Table 4. Three code block sizes were simulated, representing the minimum, intermediate, and maximum values.

Table 4. Other simulation parameters for PDSCH
	Parameter
	Value

	Frequency band (MHz)
	900

	Antenna configuration
	1T1R

	Interference/noise
	Sensitivity

	Propagation channel model
	TU

	Doppler spread (Hz)
	1

	Timing error (ms)
	0

	Channel spacing (kHz)
	15

	Symbol rate (kSym/s)
	12

	Spreading factor
	4

	Repetition factor
	3, 4, 5, 6

	Frequency error (Hz)
	±45Hz

	Modulation
	BPSK

	CRC (bit)
	24

	FEC
	1/2 Convolutional code

	Code block size (bit)
	48
	192
	864

	Burst length (ms)
	10
	40
	180

	Code rate
	0.5
	0.5
	0.5


4.3 Simulation results
The simulation results for the downlink are shown in Figure 3.
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Figure 3 PDSCH performance
For a selection of burst lengths and repetition/spreading factors, the achieved SINR at 10% BLER, the corresponding MCL, and the associated PHY data rate are summarized in Table 5. It can be seen that for all investigated code block sizes, the MCL target of 164 dB and PHY data rate target of 200 bps can be achieved. Note that this PHY data rate applies to a single downlink channel, and in practise each base station will be assigned multiple downlink channels which are simultaneously used to communicate with different MTC devices. 
 Table 5 Summary of PDSCH performance at 10% BLER
	Burst length
(ms)
	Code block size (bit)
	Spreading
factor
	Repetition
factor
	SINR@10% BLER (dB)
	MCL (dB)
	PHY data rate (bps)

	10
	48
	4
	6
	-4.1
	164.5
	200

	40
	192
	4
	4
	-4.9
	165.3
	300

	180
	864
	4
	3
	-4.7
	165.1
	400

	
	
	4
	5
	-7.9
	168.3
	240


5 Conclusions
This document investigates the coverage performance of NB M2M. The minimum, intermediate, and maximum code block sizes were simulated for both the uplink and the downlink, and the MCL for each case is provided along with the associated PHY data rate. It is believed that other code block sizes should provide MCL performance within the range shown by these results.
It can be seen that the MCL target of 164 dB (i.e. 20 dB coverage extension to legacy GPRS) can be achieved comfortably, with a margin of up to 2.1 dB for PUSCH and 4.3 dB for PDSCH. In addition, extremely small PDUs generated at lower layers, e.g. by the MAC, are also supported with lower data rate, but without significant overheads due to padding to a fixed burst size.
It should be noted that the required uplink coverage performance is achieved with a MTC device transmit power of only +23 dB, in contrast with the maximum allowed transmit power of +33 dBm for GPRS devices. A maximum transmit power of +23 dBm is likely to be more appropriate for many IoT devices compared with +33 dBm, for reasons of cost and impact on suitable battery technologies.
6 References

[1] GP-140421, “New Study Item on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (FS_IoT_LC) (revision of GP-140418)”, VODAFONE Group Plc., GERAN#62.

[2] “Draft Report of TSG GERAN meeting #63, version 0.0.1, revised”, Secretary TSG GERAN.
[3] GP-140647, Outcome of off-line discussions on simulation assumptions for Cellular IoT, VODAFONE Group Plc
[4] “GERAN Telco#5 on Cellular IoT (FS_IoT_LC) 16th October 2014 09.00-12.00 CEST Meeting Report”, Vodafone.

[5] GP-140563, “NB M2M - Overview of the Physical Layer Design”, HuaWei Technologies Co., Ltd, HiSilicon Technologies Co. Ltd., GERAN#63.

[6] GP-140828, “Uplink frequency accuracy for Cellular IoT”, Neul, GERAN#64.
[7] GP-140864, “NB M2M - Cell Search Mechanism”, HuaWei Technologies Co., Ltd, HiSilicon Technologies Co. Ltd., GERAN#64.
8

_1477124139.vsd
Uplink transmission


Downlink reception


T_inactive = 40ms
F_drift_inactve = 0.01ppm/sec


F_est_error = ±45Hz


F_drift_active = 0.025ppm/sec


t=0


DL


UL



