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pCR 45.820 NB M2M - Summary of Coverage Performance
1 Introduction

This document provides the text proposal on NB M2M coverage performance. Detailed discussions and analysis on the proposed changes can be found in [1].
2 Proposed text for the TR
	First Change


7. 
Physical layer aspects and radio access protocols for clean slate concepts
7.1
Narrow Band M2M (NB M2M)

[details omitted]
7.1.6
Concept evaluation

7.1.6.1
Coverage evaluation
7.1.6.1.4
Data and control channels 
7.1.6.1.4.1
 Assumptions
Coverage performance is derived for UL-SCH (for both Class-A and Class-B modulations), DL-SCH, PCH, DCI, BCH and E-BCH according to the coverage improvement evaluation methodology described in subclause 5.1 and the common simulation assumptions described in Annex C.

Some candidate solution specific simulation assumptions are listed in Table 7.1.6.1-9. 
The target BLER for both control and data channels is 10%, in accordance with the similar assumption used for deriving the reference MCL of 144 dB for legacy GPRS.
Table 7.1.6.1-9. Simulation assumptions for coverage performance evaluation

	Parameter
	Value
	Comments

	Timing error
	±1/8 symbol
	Randomly chosen from two values: +1/8 symbol and -1/8 symbol.

	Downlink frequency error
	±45 Hz.
	For BCH, E-BCH, DCI, and DL-SCH.

	Uplink frequency error
	See the frequency error model in Table C.1 and the frequency error parameters in the following rows.
	For UL-SCH.

	F_est_error
	±45 Hz
	For UL-SCH.

	T_inactive
	40 ms
	For UL-SCH.


The burst configurations for each channel are listed in Table 7.1.6.1-10.

Table 7.1.6.1-10. Burst configurations for MCL calculations

	Channel
	Modulation
	SF x RF
	Burst length (ms)
	Block duration
(ms)
	Comments

	UL-SCH, Class-A
	π/2-BPSK
	1x2
	1920
	3840
	UL MCS-4

	UL-SCH, Class-B
	GMSK
	1x2
	1920
	3840
	UL MCS-4

	DCI
	π/2-BPSK
	4x2
	60
	120
	DL MCS-2

	DL-SCH, 
PCH
	π/2-BPSK
	4x2
	1920
	3840
	DL MCS-2

	BCH
	π/2-DBPSK
	8x2
	80

(Note 1)
	1280

(Note 2)
	

	E-BCH
	π/2-DBPSK
	8x2
	640
	1280
	

	Note 1: PSS, SSS, FIIS and BCH are all carried by PBSCH bursts, where for BCH the modulated symbols are successively mapped to eight consecutive bursts (see subclause 7.1.2.1.2.7 for more details).
Note 2: 1280 = 80 * 8 * 2 / 1000.


The 160 bps data rate specified in subclause 4.1.1 was derived by assuming an 80 byte SDU at the top of (equivalent of) SNDCP layer combined with a 4 second latency requirement. Since the header overhead of (equivalent of) SNDCP down to the MAC layer (e.g. SNDCP, LLC, RLC/MAC in Gb mode) can be estimated to be 15 bytes (4 bytes for SNDCP + 6 bytes for LLC + 2 bytes for MAC + 3 bytes for CRC), and the target BLER for data channels is 10%, the required minimum PHY data rate for UL-SCH and DL-SCH is (80 + 15) * 8 / 4 / (1-BLER) = 211 bps.
7.1.6.1.4.2
 Results
The MCL calculation for each channel is summarized in Table 7.1.6.1-11. It can be seen that all channels provide an MCL of at least 164 dB, and so a coverage extension of 20 dB is achieved relative to legacy GPRS which has an MCL of 144 dB. Furthermore, all data channels achieve a PHY data rate that is considerably in excess of 211 bps (the minimum PHY data rate is actually 412.5 bps), so comfortably achieve the required throughput of 160 bps at the top of the (equivalent of) SNDCP layer.
Table 7.1.6.1-11. MCL calculations for NB M2M channels
	
	PUSCH, Class-A
	PUSCH, Class-B
	PDSCH
	PBSCH
	EPBCH

	
	UL-SCH
	UL-SCH
	DCI
	DL-SCH, PCH
	BCH
	E-BCH

	Transmitter
	
	
	
	
	
	

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

	Receiver
	
	
	
	
	
	

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

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

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

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

	(6) Effective noise power

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

	(7) Required SINR (dB)
	-6.1
	-5.8
	-4.3
	-6.3
	-5.8
	-4.6

	(8) Receiver sensitivity

= (6) + (7) (dBm)
	-141.4
	-141.1
	-132.5
	-134.5
	-134.0
	-132.8

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

	Maximum coupling loss
	
	
	
	
	
	

	(10) MCL = (1) – (8) + (9) (dB)
	164.4
	164.1
	164.7
	166.7
	166.2
	165

	PHY data rate at MCL
	450
	412.5
	/
	540
	/
	/

	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 UEs 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).


7.1.6.1.4.3
 Conclusions
It has been shown that the target MCL of 164 dB can be met by all relevant channels, which implies a coverage extension of 20 dB compared with legacy GPRS. Furthermore, all data channels achieve a PHY data rate at the maximum coverage extension that is higher than 211 bps (in fact the minimum PHY data rate is 412.5 bps), and so the required minimum throughput of 160 bps at the SAP to the SNDCP layer is comfortably achieved.
Therefore, the requirements of the SI in terms of coverage performance are achieved.

Furthermore, the required coverage performance is achieved 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 UEs due to the lower instantaneous current draw from the battery.
	End of Changes
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