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NB M2M - Summary of Coverage Performance (update of GPC150027)
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)”.

The coverage evaluation methodology has been agreed and captured in sub-clause 5.1 of the Cellular IoT draft TR [2]. Furthermore, it was stated in [2] that “The coverage performance evaluation for a candidate solution should include all uplink and downlink logical channels relevant to that candidate solution.”, and that “If repetition and/or spreading are used to improve coverage for a logical channel, the number of repetitions and/or spreading factor used to improve coverage of a logical channel should be stated.”
At GERAN#64, the sourcing companies provided a discussion paper [3] on the coverage performance of data channels in NB M2M (see sub-clause 7.1 of [2]).

This document summarizes the coverage performance of all the (equivalent of) logical channels that are relevant to the NB M2M solution.

This document is an update of [9]. Changes have been highlighted in yellow background.
2 Channels for coverage performance evaluation
Channel mappings for NB M2M are discussed in [4]. Figure 1 in [4] for S1-based architecture is reproduced below. The only difference in the mappings for Gb-based architecture is that no “logical channel” is defined.
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Figure 1. Channel mapping for S1-based architecture
Hence the channels relevant to the coverage performance evaluation are RACH, UL-SCH, DL-SCH, PCH, BCH, and E-BCH. In this document, coverage performance is provided for all these channels (except PCH, for which the performance will be provided later). In addition, the coverage performance of PSS, SSS, FIIS and DCI is provided, since these are relevant to the overall coverage performance of the NB M2M solution even though they are not defined as “channels” in NB M2M.

Furthermore, since two modulation classes are defined for the uplink (see [5]), the coverage performance of RACH and UL-SCH is provided for both modulation classes.
3 Simulation assumptions

Table 1:  Simulation assumptions

	Parameter
	Value
	Comments

	Frequency band (MHz)
	900
	

	Base station antenna configuration
	1T2R
	

	UE antenna configuration
	1T1R
	

	Interference/noise
	Sensitivity
	

	Propagation channel model
	TU
	

	Doppler spread (Hz)
	1
	

	Initial frequency error
	+/- 20 ppm, with polarity chosen randomly
	For PSS and SSS, prior to network acquisition

	Initial timing error
	Unknown, uniformly distributed in [0, 80] ms
	For PSS and SSS, following long sleep period

	Subsequent timing error
	0
	For all channels except PSS and SSS, following PSS/SSS acquisition

	Downlink frequency error
	±45 Hz. See sub-clause 4.1 of [3].
	For FIIS, BCH, E-BCH, DCI, and DL-SCH, following PSS/SSS acquisition

	Uplink frequency error
	F_offset(t) = F_est_error + (F_drift_inactive *T_inactive)  + (F_drift_active * t). See sub-clause 3.1 of [3].
	For RACH and UL-SCH, following PSS/SSS acquisition


The burst configurations for each channel are listed in Table 2.
Table 2:  Burst configurations

	Channel
	Modulation
	Bonding
factor
	Spreading
factor
	Repetition
factor
	Burst length (ms)
	Comments

	RACH, 

Class-A
	π/2-BPSK
	1
	1
	16
	40
	UL-MCS-0

	RACH, 

Class-B
	GMSK
	1
	1
	16
	40
	UL-MCS-0

	UL-SCH, Class-A
	π/2-BPSK
	1
	1
	4
	960
	UL MCS-2

	UL-SCH, Class-B
	GMSK
	1
	1
	4
	960
	UL MCS-2

	DCI
	π/2-BPSK
	/
	4
	8
	320
	DL MCS-0

	DL-SCH
	π/2-BPSK
	/
	4
	4
	720
	DL MCS-1

	PSS
	π/2-DBPSK
	/
	/
	/
	80
	

	SSS
	/
	/
	/
	/
	80
	

	FIIS
	π/2-BPSK
	/
	/
	/
	80
	

	BCH
	π/2-DBPSK
	/
	8
	2
	80
(See Note 1)
	The time to acquire BCH is 80 * 8 * 2 / 1000 = 1.28s.

	E-BCH
	π/2-DBPSK
	/
	8
	2
	640
	The time to acquire E-BCH is 640 * 2 / 1000 = 1.28s.


Note 1: PSS, SSS, FIIS and BCH are all carried by PBSCH bursts. However, for PSS, SSS and FIIS, the modulated symbols are mapped to a single burst, and for BCH, the modulated symbols are successively mapped to eight consecutive bursts (See [6] for more details).
4 Simulation results
4.1 Required minimum PHY data rate
The 160 bps data rate specified in [1] was derived by assuming an 80 byte SDU at the top of (equivalent of) SNDCP layer combined with a 4 second latency requirement.

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 15 bytes (4 bytes for SNDCP + 6 bytes for LLC + 2 bytes for MAC + 3 bytes for CRC). 
The target BLER for data channels is assumed to be 10%.

Hence the required minimum PHY data rate for UL-SCH and DL-SCH is (80 + 15) * 8 / 4 / (1-BLER) = 211.11 bps.

4.2 Summary of coverage performance
The MCL calculation for each channel is summarized in the following table. It can be seen that the target MCL of 164 dB can be met by all channels, whilst maintaining a PHY data rate of at least 211.11 bps for all data channels. 
For RACH, UL-SCH, DCI, DL-SCH, BCH, and E-BCH, the target BLER is 10%. For DCI, the BLER is calculated by BLER0+(1-BLER0)*BLER1 where BLER0 is the block error rate of the fixed-length part and BLER1 is the block error rate of the variable-length part.
For PSS, SSS and FIIS, the Required SINR corresponding to the target MCL of 164 dB was derived, and then the performance was evaluated in terms of detection confidence, timing/frequency accuracy and latency, as follows:
· For PSS, the target false alarm ratio was set to 1% which was achieved within 28 frames (2.24 s). The resulting missed detection ratio was 0.84%, and the residual timing error was in the range of [-1/8 symbol, 1/8 symbol] with a probability of 99.36% [7].

· For SSS, a residual frequency error range of [-45Hz, 45Hz] was achieved with a probability of 99.85% within 1 frame (80 ms) [7].

· For FIIS, the target detection ratio was set to 95% and this was achieved within 3 frames (240 ms) [8].
Table 2. MCL calculations for NB M2M

	
	PUSCH, CLASS-A
	PUSCH, CLASS-B
	PDSCH
	PBSCH
	EPBCH

	
	RACH
	UL-SCH
	RACH
	UL-SCH
	DCI
	DL-SCH
	PSS
	SSS
	FIIS
	BCH
	E-BCH

	Transmitter
	
	
	
	
	
	
	
	
	
	
	

	(1) Total Tx power (dBm)
	23
	23
	23
	23
	32.2
	32.2
	32.2
	32.2
	32.2
	32.2
	32.2

	Receiver
	
	
	
	
	
	
	
	
	
	
	

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

	(3) Receiver noise figure (dB)
	3
	3
	3
	3
	5
	5
	5
	5
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	3750
	3750
	3750
	3750
	12000
	12000
	12000
	12000
	12000
	12000
	12000

	(6) Effective noise power

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

	(7) Required SINR (dB)
	-9.8
	-8.2
	-8.8
	-7.9
	-10
	-9.7
	-3.6
	-3.6
	-3.6
	-5.8
	-4.5

	(8) Receiver sensitivity

= (6) + (7) (dBm)
	-145.1
	-143.5
	-144.1
	-143.2
	-138.2
	-137.9
	-131.8
	-131.8
	-131.8
	-134.0
	-132.7

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

	Maximum coupling loss
	
	
	
	
	
	
	
	
	
	
	

	(10) MCL = (1) – (8) + (9) (dB)
	168.1
	166.5
	167.1
	166.2
	170.4
	170.1
	164
	164
	164
	166.2
	164.9

	PHY data rate
	/
	250
	/
	216.7
	/
	300
	/
	/
	/
	/
	/


Note 1: The downlink TX power of +32.2 dBm is derived by equally splitting +43 dBm between the 12 NB M2M downlink physical channels, in order to maintain a uniform PSD. Therefore, this analysis does not allow for any benefit arising from increasing the PSD of selected downlink channels.

Note 2: The uplink TX power of +23 dBm is considered to be more appropriate for most low cost MTC devices than the maximum allowed TX power of +33 dBm.
Note 3: The Rx processing gain is reflected in “Required SINR” (for example, the receiver diversity gain in the uplink).
5 Conclusions
This document provides a summary of coverage performance for all (equivalent of) logical channels that are relevant to the NB M2M solution.

It is shown that the target MCL of 164 dB can be met by all channels. The MCL target is achieved whilst also maintaining a PHY data rate of at least 211.11 bps for all data channels, which corresponds to a data rate of at least 160 bps at the SAP to the SNDCP. Therefore, the requirements of the SI in terms of coverage performance are achieved. For PSS, SSS and FIIS, the performance was determined at the target MCL in terms of detection confidence and timing/frequency estimation accuracy. 
Furthermore, the MCL performance is achieved even with a UE transmit power of only +23 dBm. This UE transmit power is 10 dB lower than the maximum UE transmit power allowed by the study item of +33 dBm, but is considered to be more appropriate for the large majority of MTC devices due to the lower instantaneous current draw from the battery.
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