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2.1.1.1
1. Introduction
At RAN #69, a new work item named Narrowband Internet of Things (NB-IoT) was approved to specify a radio access solution for cellular internet of things, which 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 [1]. The revised NB-IoT work item was further approved at RAN#70 [2]. NB-IoT should support three different modes of operation, i.e., standalone operation, guard-band operation, and in-band operation. In this contribution, we describe the NB-PBCH design for all three operation modes, and discuss the candidate NB-MIB contents.
2. NB-PBCH Design
In NB-IoT system, the essential system information for initial access to a cell is carried on NB-PBCH. In this part, we describe the NB-PBCH design considering in-band deployment, since there is a need to consider how to avoid collision with legacy LTE signals. 
When considering in-band deployment, the following resource mapping rules are considered to avoid potential collisions with legacy LTE signals:

1) The NB-PBCH is transmitted in subframe 0 of each frame, to avoid collision with possibly configured MBSFN subframes.
2) The resource elements of the first 3 OFDM symbols are not allocated to NB-PBCH, to avoid collision with legacy LTE PDCCH/PCFICH/PHICH.
3) The LTE CRS resource elements (up to 4 antenna ports case) are not counted in the resource mapping process of NB-PBCH. 
Thus, the remaining resource elements in subframe 0 can be allocated to NB-PBCH, as shown in Fig. 1. For in-band operation, even though the LTE CRS sequence values are not available at the time of NB-PBCH reception, we assume the position of LTE CRS resource elements can be derived after cell search (e.g., by using the same cell ID for NB-IoT and LTE). To simplify the design, the LTE CRS resource elements (including those which would be allocated if antenna ports 0 to 3 were used, irrespective of the actual antenna ports used) are not counted in the resource mapping process of NB-PBCH. The NB-IoT cell-specific reference signals (NB-CRS) are utilized for channel estimation and coherent demodulation. More detailed discussion on NB-CRS design can be found in [3]. 
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Figure 1: NB-PBCH Structure and Resource Mapping
Proposal 1: For in-band deployment, the subframes allocated for NB-PBCH transmission needs to consider avoiding potential conflict with legacy LTE MBSFN. In each subframe, the resource elements in the first 3 OFDM symbols and the LTE CRS resource elements (up to 4 antenna ports case) are not counted in the NB-PBCH resource mapping. 
In three operation modes, there is difference in terms of resource availability, as well as the resource mapping rule and the corresponding eNB/UE processing. From the perspective of NB-IoT devices, it is desirable to differentiate the operation mode as early as possible, since the succeeding processing may be different. It is expected that the mode indication via synchronization may further increase the complexity of cell search in the device side, compared to the case that the mode indication is provided after cell search. On the other hand, it is simpler and straightforward to add 1 or 2 bits mode indication in the NB-MIB contents. Therefore, it is preferred that the operation mode can be indicated via NB-MIB reception. More detailed discussion about operation mode indication can be found in [4].
Thus, since the mode differentiation is not available at the time of NB-PBCH reception, the common NB-PBCH design is preferred for guard-band and standalone deployment cases. 
Proposal 2: Consider common NB-PBCH design for all three operation modes. 
3. NB-PBCH Processing 
The NB-PBCH processing procedure goes as follows:
1) It is assumed that the number of system information bits is 34, to carry the NB-IoT master information block (NB-MIB). The detailed contents are discussed in the next section.

2) With 16 bit CRC, the total number of bits before encoding is 50.

3) The 50 bits are encoded with a Tail biting convolutional encoder and rate matched to the number of available resource elements for NB-PBCH. 

4) The coded bits are scrambled with a cell-specific reference sequence.

5) The scrambled coded bits are segmented into 8 equal-sized code sub-blocks 

6) Each code sub-block is modulated with QPSK.

7) Each code sub-block is repeated 8 times and spread over 80 ms time interval (one repetition in each subframe 0), which gives a 640 ms NB-PBCH TTI, as shown in Fig. 1.
In summary, each NB-PBCH code block is divided into 8 sub-blocks. Each sub-block is further repeated 8 times over 80 ms interval. Due to the use of scrambling sequence over 8 code sub-blocks over 640 ms, the UE can determine the 640 ms timing by performing 8 separate decoding attempts using the 8 hypotheses of the NB-PBCH scrambling sequence and checking the CRC accordingly. 

Since each code sub-block sent in each 80 ms interval is self-decodable, devices in good coverage do not need to receive all the eight code sub-blocks to decode NB-MIB, or even do not receive all the 8 copies of one sub-block. This helps reduce latency and minimize impact on device battery life.
In the performance evaluations [5, 6], it was shown the NB-PBCH can satisfy the 164 dB MCL requirement in standalone and guard-band operation modes. With multiple decoding attempts, the 164 dB MCL requirement can also be satisfied for in-band operation mode [7].
4. NB-MIB Contents
In this part we discuss the candidate contents in NB-MIB.
System Frame Number (6 bits): To support in-band operation, it is necessary to align the timing between LTE and NB-IoT. The LTE frame timing has a periodicity of 10240 ms. After cell search and NB-PBCH decoding, NB-IoT UE has found 640 ms timing. Additional 4 bits are needed to help UE obtain the remaining timing information. When considering extended DRX, it may be preferred to further extend NB-IoT frame cycle by using e.g., 6 additional bits.
SI Value Tag (5-8 bits): To enable fast detection of System Information change, one possible option is to have indication included in NB-MIB. 
NB-SIB1 Scheduling Information (4-6 bits): In Rel-13 eMTC, SIB1 is scheduled without (E)PDCCH and the scheduling parameters are indicated in MIB.  Similar approach could be considered for NB-SIB1 in NB-IoT. 
Operation Mode Indication (1-2 bits): As mentioned above, there is need to differentiate the operation mode since the succeeding processing may be different. It is observed that at least the in-band operation needs to be differentiated from the guard-band/standalone operations, because the available resources are different, and the conflict with legacy LTE signals needs to be handled. 
LTE CRS Information (5-8 bits): This is needed for in-band deployment to enable NB-IoT re-uses LTE CRS. After cell search, the CRS position information can be known if the same cell ID is used for LTE and NB-IoT, but the sequence value of the CRS is still not available. To obtain the CRS sequence value, the PRB index can be indicated.
Taking into account several reserved bits and 16-bit CRC, the NB-MIB is expected to have about 50 bits. This number can be considered as a baseline. 
Proposal 3: The NB-MIB contents may include System Frame Number, SI Value Tag, NB-SIB1 Scheduling Information, Operation Mode Indication, and LTE CRS Information. A total size of 50 bits is considered for working assumption. 
5. Conclusions
This contribution presented NB-PBCH structure and resource mapping. A brief discussion on the NB-MIB contents was also presented. In summary, the proposals are as follows:

Proposal 1: For in-band deployment, the subframes allocated for NB-PBCH transmission needs to consider avoiding potential conflict with legacy LTE MBSFN. In each subframe, the resource elements in the first 3 OFDM symbols and the LTE CRS resource elements (up to 4 antenna ports case) are not counted in the NB-PBCH resource mapping. 
Proposal 2: Consider common NB-PBCH design for all three operation modes.
Proposal 3: The NB-MIB contents may include System Frame Number, SI Value Tag, NB-SIB1 Scheduling Information, Operation Mode Indication, and LTE CRS Information. A total size of 50 bits is considered for working assumption. 
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