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At RAN#69, a new work item named NarrowBand IOT (NB-IOT) was approved, see [1]. The objective is to specify a radio access for cellular internet of things that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture. 
NB-IOT should support 3 different modes of operation: 
1.	“Stand-alone operation” utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers
2.	“Guard band operation” utilizing the unused resource blocks within a LTE carrier’s guard-band 
3.	“In-band operation” utilizing resource blocks within a normal LTE carrier
Furthermore according to [1], NB-IOT should have a single synchronization signal design for the different modes of operation, including techniques to handle overlap with legacy LTE signals
A narrowband LTE based solution (called NB-LTE) was proposed and included in [3], and is now under investigation under the NB-IOT work item [1]. The document [5] provided a description of physical broadcast channel (M-PBCH) in NB-LTE. 
[bookmark: _Ref429119571]In this contribution, we provide a design update of M-PBCH to improve its performance in inband deployment of NB-IoT. 
M-PBCH Design Update
In NB-IoT, the essential system information, e.g., system frame number (SFN), for initial access to a cell is carried on M-PBCH. NB-IoT M-PBCH processing procedure follows that of LTE with revised resource mapping tailored to 180 kHz channel. 
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[bookmark: _Ref430958775]Figure 1: M-PBCH Structure
To support in-band deployment, NB-IoT avoids collision with certain LTE signals as much as possible.  The proposed NB-IoT M-PBCH structure is shown in Figure 1. The M-PBCH transmission time interval (TTI) is 640 ms, and the transmissions occur in subframe 0 in each LTE frame. In subframe 0, M-PBCH occupies all the OFDM symbols except for the first 3 OFDM symbols. 
The NB-IoT M-PBCH structure has taken into account the following in-band deployment constraints.
1) NB-IoT M-PBCH uses subframe 0, avoiding collision with LTE MBSFN that may occur in subframes 1, 2, 3, 6, 7, and 8.
2) NB-IoT M-PBCH symbols avoid collision with LTE PCFICH, PHICH, and PDCCH that may use up to the first 3 OFDM symbols in a subframe (for >1.4 MHz LTE bandwidth).
3) After cell search, NB-LTE UE does not know the LTE CRS values (though it can derive their positions from cell ID obtained in cell search). To enable channel estimation and coherent demodulation of M-PBCH, additional NB-IoT CRSs are defined within the PRBs used for M-PBCH, i.e., the NB-IoT CRSs, as shown in Figure 1.  
4) NB-IoT M-PBCH symbols avoid collision with all LTE CRS (up to 4 antenna ports). As noted above, after cell search, the LTE CRS positions are known to the UE, though the exact values are not known. Therefore, it is all right to use the unoccupied LTE CRS REs in the cell for NB-IoT PBCH transmission.
With the 640 ms TTI, there are 8 blocks of M-PBCH. Each block is masked with a unique scrambling code. Thus, the UE has to attempt decoding by up to 8 times. After a successful M-PBCH decoding, the UE acquires the timing information within the 640 ms TTI of M-PBCH. This means that the 6 least significant bits (LSB) of the SFN need not be included in the system information block.
Observation: The unoccupied LTE CRS REs in the cell can be used for NB-IoT PBCH transmission to improve the performance in inband deployment.
1 Performance Evaluation
In this section, simulation results are presented to evaluate NB-IoT M-PBCH coverage performance. The simulation assumptions used are based on the ones outlined in [4], and are summarized in Table 1.
[bookmark: _Ref425174722]Table 1: Simulation parameters
	Parameter
	Value

	Channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	2 Tx; 1 Rx

	Cyclic prefix
	Normal

	Timing uncertainty
	Uniformly drawn from the cyclic prefix range (+ and -). 

	Frequency error
	-50 Hz, or 50 Hz drawn with equal probability for each realization. 

	Number of scheduled PRBs
	1 on each side of scheduled NB-IoT

	Number of channel realizations
	10,000



Figure 2 shows the NB-IoT M-PBCH block error rate (BLER) performance versus SNR using NB-IoT specific CRS for channel estimation. With one received code subblock, the required SNR is -1.1 dB for 10% BLER. With a complete received code block (i.e. 8 code sub-blocks), the required SNR is -11.7 dB for 10% BLER. Therefore, the M-PBCH BLER performance is improved compared to the previous design in [5].
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[bookmark: _Ref434593747]Figure 2: M-PBCH Block Error Rates 
Conclusions
This contribution has provided a design update for M-PBCH in NB-IoT. 
Observation: The unoccupied LTE CRS REs in the cell can be used for NB-IoT PBCH transmission to improve the performance in inband deployment.
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