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Narrowband LTE – Broadcast channel design and performance
Introduction
At GERAN#62 a new study item named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC)  was approved to meet the needs of cellular internet of things  [1]. The study is open to both a non-legacy based design, and/or a backward compatible evolution of GSM/EDGE.
A narrowband LTE based solution (called NB-LTE) is proposed in [3]. The document provides a high level description of the resource mapping of NB-LTE physical channels including physical broadcast channel (PBCH). This contribution provides a more detailed description on PBCH in NB-LTE and evaluation results on its coverage performance.
PBCH Structure and Processing
In NB-LTE, the essential system information (such as system frame number) for initial access to a cell is carried on PBCH. NB-LTE PBCH processing procedure follows that of LTE [4] with revised resource mapping tailored to 180 kHz channel. 
The PBCH transmission time interval (TTI) is 240 ms, and the transmissions occur in M-subframe 0 in each M-frame. For each of the six subframes in M-subframe 0, PBCH uses OFDM symbols 8, 9, 10, 11 (i.e., the first 4 OFDM symbols in the second slot of each subframe). Figure 1 illustrates the NB-LTE PBCH structure.
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[bookmark: _Ref426126989]Figure 1: PBCH Structure
The NB-LTE PBCH processing procedure goes as follows.
1) The number of system information bits is 24. With 16 bit cyclic redundancy check (CRC), the total number of bits before encoding is 40.
2) The 40 bits are encoded with convolutional code and rate matched to the number of available resource elements for PBCH. For example, with normal cyclic prefix, 1920 coded bits can be sent in each PBCH TTI.
3) The coded bits are scrambled with a cell-specific reference sequence.
4) The scrambled coded bits are segmented into four equal-sized code sub-blocks. Each code sub-block is self-decodable.
5) Each code sub-block is modulated with Quadrature Phase Shift Keying (QPSK) and sent in M-subframe 0 in each M-frame.
Since each code sub-block sent in each M-frame is self-decodable, devices in good coverage do not need to receive all the four code sub-blocks to decode system information (see next section for more details). This helps reduce latency and minimize impact on device battery life.
PBCH Coverage Performance
In this section, simulation results are presented to evaluate NB-LTE PBCH coverage performance. The simulation assumptions used are based on the ones outlined in [2], and are summarized in Table 1.
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	Parameter
	Value

	Channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	1 Tx; 1 Rx

	Timing uncertainty
	Randomly drawn from cyclic prefix range. See Note 1.

	Frequency error
	Randomly drawn from {-50 Hz, 50 Hz}. See Note 2.

	Number of channel realizations
	5,000

	Note 1: This timing accuracy is achieved in NB-LTE cell search [5].
Note 2: 99% frequency errors are within 50 Hz in NB-LTE cell search [5]. 
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[bookmark: _Ref426229162]Figure 2: PBCH Block Error Rates
Figure 2 shows the PBCH block error rate (BLER) performance versus SNR. With one received code sub-block, the required SNR is 5.0 dB for 10% BLER. With two received code sub-blocks, the required SNR is -5.3 dB for 10% BLER. With a complete received code block (i.e., four code sub-blocks), the required SNR is -11.7 dB for 10% BLER. Table 2 summarizes the corresponding coverage performance.
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	Full block
	2 sub-blocks
	1 sub-block

	1)      Tx power (dBm)
	43
	43
	43

	2)      PSD (dBm/Hz)
	-174
	-174
	-174

	3)      Rx noise figure (dB)
	5
	5
	5

	4)      Interference margin (dB)
	0
	0
	0

	5)      BW (Hz)
	180000
	180000
	180000

	6)      Effective noise (dBm)
2)+3)+4)+10*log10(5))
	-116.4473
	-116.4473
	-116.4473

	7)      Required SINR (dB)
	-11..7
	-5.3
	5.0

	8)      Rx sensitivity (dBm)
6)+7)
	-128.1473
	-121.7473
	-111.4473

	9)      Rx processing gain (dB)
	0
	0
	0

	10)    MCL (dB)
1)-8)+9)
	171.1473
	164.7473
	154.4473



From Table 2, it can be seen that NB-LTE PBCH coverage performance is very robust and can support up to 171.1 dB maximum coupling loss (MCL) at 10 % BLER. With two received code sub-blocks, NB-LTE can already support up to 164.7 dB MCL at 10% BLER. As a result, for users in extreme coverage class (164 dB MCL) in NB-LTE, the PBCH decoding latency is two M-frames. 
With one received code sub-block, NB-LTE can support up to 154.4 dB MCL at 10% BLER. Thus, for users in either robust coverage class (154 dB MCL) or basic coverage class (144 dB MCL) in NB-LTE, the PBCH decoding latency is one M-frame. 
Conclusions
This contribution presents NB-LTE PBCH structure and resource mapping. The general design principles of NB-LTE PRACH follow those of LTE, but a simple resource re-mapping is applied to adapt the LTE PBCH design to NB-LTE that operates with a much reduced bandwidth. 
Simulation results show that the NB-LTE PBCH design is very robust and surpasses the 164 dB MCL target. Though PBCH TTI is 4 M-frames, users in extreme coverage can decode the system information in 2 M-frames, and users in robust or basic coverage can decode the system information in 1 M-frame. 
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