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[bookmark: _Ref409106980]Introduction
[bookmark: _Ref429119571]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. 
In RAN#70, the following items have been agreed [2].
· 180 kHz UE RF bandwidth for both downlink and uplink
· OFDMA on the downlink
· 15 kHz sub-carrier spacing for all the modes of operation (with normal or extended CP). 
· For the uplink: 
· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.
· Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.
· FFS: Additional mechanisms for PAPR reduction.
· The UE shall indicate the support single-tone and/or multi-tone, details to be discussed by RAN WGs
In RAN1 NB-IoT ad hoc meeting, many features of NB-PBCH design have been agreed [3].
Agreements:
· In FDD mode, NB-PBCH is transmitted in subframe 0 in every radio frame
· In FDD mode, NB-PBCH does not use the first 3 symbols in a subframe at least in in-band operation
· For stand-alone and guard band operations, in the subframe transmitted NB-PBCH, the first 3 symbols contains no NB-PBCH
· NB-PBCH is rate matched around 4 port LTE CRS location based on PCID from NB-SSS
· It is not precluded the PCID from NB-SSS is different from the LTE PCID
· Note that the PCID from NB-SSS and the LTE PCID indicate the same LTE CRS position
· The time interval where MIB remains unchanged is 640 ms
· NB-PBCH consists of 8 independently decodable blocks of 80 ms duration

In this contribution, we provide more complete PBCH BLER results.
NB-PBCH Design
In NB-IoT, the essential system information, e.g., system frame number (SFN), for initial access to a cell is carried on NB-PBCH. NB-IoT NB-PBCH processing procedure follows that of LTE with revised resource mapping tailored to 180 kHz channel. 
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[bookmark: _Ref430958775]Figure 1: NB-PBCH Structure
To support in-band deployment, NB-IoT avoids collision with certain LTE signals as much as possible.  The proposed NB-IoT NB-PBCH structure is shown in Figure 1. The NB-PBCH transmission time interval (TTI) is 640 ms, and the transmissions occur in subframe 0 in each LTE frame. In subframe 0, NB-PBCH occupies all the OFDM symbols except for the first 3 OFDM symbols. 
The NB-IoT NB-PBCH structure has taken into account the following in-band deployment constraints.
1) NB-IoT NB-PBCH uses subframe 0, avoiding collision with LTE MBSFN that may occur in subframes 1, 2, 3, 6, 7, and 8.
2) NB-IoT NB-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 NB-PBCH, additional NB-IoT CRSs are defined within the PRBs used for NB-PBCH, i.e., the NB-IoT CRSs, as shown in Figure 1.  
4) NB-IoT NB-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 NB-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 NB-PBCH decoding, the UE acquires the timing information within the 640 ms TTI of NB-PBCH. This means that the 6 least significant bits (LSB) of the SFN need not be included in the system information block.
The complexity of PBCH blind decoding is considered to be acceptable. In each 80 ms window, 16 (2 hypotheses for antenna configurations and 8 hypotheses for the 8 different scrambling codes) decoding attempts are needed. Therefore, for a NB-IoT device, on average it performs one decoding attempt per 5 ms. And this PBCH decoding is likely to be the main (and possibly only) task that the NB-IoT device is performing at this stage. This complexity is much lower than for example the complexity of LTE PDCCH blind decoding, which requires tens of blind decoding attempts per 1 ms. Depending on NB-PDCCH design, the blind decoding complexity of PBCH is likely to be less than that of NB-PDCCH. As far as memory is concerned, the NB-IoT device may separately process (channel estimation and equalization) each code sub-block and thus needs to buffer 8 subframes. This memory requirement is much less than that of NB-PSS processing in cell search and will not be the bottleneck.  
1 Performance Evaluation
In this section, simulation results are presented to evaluate NB-IoT NB-PBCH coverage performance. The simulation assumptions used are based on the ones outlined in [4], and are summarized in Table 1. It is assumed that a MIB has 34 bit and 16-bit CRC is attached.
[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 NB-PBCH block error rate (BLER) performance versus SNR using NB-IoT specific CRS for channel estimation, assuming zero SFO. (The resource elements correspond to LTE CRSs are not used by NB-IoT PBCH in the simulation.) 
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[bookmark: _Ref434593747]Figure 2: NB-PBCH Block Error Rates 
In inband case, the BS transmit power is shared among all the PRBs. For standalone, the PSD is 43 dBm. For inband with 46 dBm TX, 10 MHz channel, and 6 dB power boosting, the PSD for inband NB IoT is 8 dB lower than the standalone. For 144dB, 154dB, and 164dB MCL, the corresponding SNR points in the figure are -12.6dB, -2.6dB, and 7.4dB. 
· 144 dB: to get 10% BLER, the UE needs two PBCH subframes to decode. 

· 154 dB: to get 10% BLER, the UE needs two PBCH subblocks to decode. 

· 164 dB: Note that Figure 2 shows to get 10% BLER, even 1 TTI is not good enough. In other words, the BLER at -12.6 dB is higher than 10% BLER. So we further evaluate a “Keep-trying” approach, i.e., the UE keeps PBCH decoding until it succeeds. The simulation result shows that trying 2 times is enough to get 90% BLER. 
Conclusions
This contribution has provided more complete BLER results for NB-PBCH decoding in NB-IoT. 
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