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Introduction
In the NB-IoT adhoc, it was agreed that –
· 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.
· From RAN1 point of views, NB-MIB can be 34-bit payload and has a 16-bit CRC.
In this contribution, we consider further details of NB-PBCH design for NB-IoT.
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NB-PBCH
As agreed in the NB-IoT adhoc, NB-PBCH is rate matched around 4 port LTE CRS location based on PCID from NB-SSS. This is true regardless of the operation mode and actual number of LTE antenna ports. This mapping is shown in Figure 1 based on the reference signal design from [1]. It can be seen that 100 REs are always available in SF#0 for NB-PBCH.
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Figure 1. NB-PBCH resource element mapping. 
Furthermore, the NB-MIB consists of 34-bit payload and 16-bit CRC. In addition, NB-PBCH reuses the following functionalities from LTE PBCH - CRC generation and attachment, tail biting convolutional encoding, rate matching, scrambling, modulation, layer mapping, and precoding. Therefore, NB-PBCH transmission chain can be described as follow –
· NB-PBCH consists of 8 independently decodable blocks. Each code block consists of 800 resource elements. Using QPSK modulation, the 34-bit NB-MIB + 16-bit CRC is then coded and rate matched to 1600 coded bits. 

· The 1600 coded bits are scrambled where the scrambling sequence is initialized with 
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 in each radio frame fulfilling nf mod 64 = 0.
· The scrambled coded bits are segmented into 8 sub-blocks. The 1600 coded and scrambled bits are segmented into 8 sub-blocks, each sub-block contains 200 coded bits

· Each sub-block is repeated 8 times and sent over 80ms in subframe #0 of each radio frame.
Figure 2 gives the acquisition time for different operation modes. From the figure, it is seen that the acquisition time is below 640ms for stand-alone operation mode. In in-band operation, approximately 99% of the users will have acquisition time of 1920ms or less. Performance for guard-band will be similar to in-band as the same transmission power is used. Note that these acquisition times have been shown to satisfy the latency requirements for exception report.
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Figure 2. Performance of NB-PBCH.
With respect to NB-MIB content, in the NB-IoT adhoc, it was agreed that –

· NB-MIB includes at least

· SFN
· FFS: Detailed information
· FFS on LTE CRS information
· FFS on NB-RS information
· SIB1 scheduling information

· Operation mode
· FFS: Details at least including explicit or implicit signaling
· FFS on CFI

· FFS on system BW
· FFS on FDD/TDD indication
For the SFN, the time interval where the NB-MIB remains unchanged is 640 ms. Based on the design discussed above, each of the 8 independently decodable blocks is scrambled with a unique scrambling code. The UE then attempt decoding up to 8 times. After successful NB-PBCH decoding, the UE would acquire the 640ms timing based on the unique scrambling codes of the code blocks. This provides the 6 least significant bits of the SFN. Therefore, only the 4 most significant bits of the SFN needs to be indicated by the NB-MIB. Note that to properly decode the NB-PBCH, UE must acquire 80ms timing reference from the NB-PSS/NB-SSS. This can be obtained, for example, using the design in [2]. 

Proposal 1: NB-MIB indicates the 4 most significant bits of the SFN.
It has been agreed that 100 kHz channel raster is assumed by UEs in all three operation modes. However, there are potential offsets between the NB-IoT carrier and the 100 kHz channel raster since the NB-IoT carrier is aligned with the PRB. This offset, if not corrected by the UE, can lead to poor channel estimation performance in the NB-PBCH. Thus, one potential solution is to signal this offset using the NB-SSS. However, as described in [4], depending on the synchronization design choice, it may not be possible to indicate some information about the operation mode from the signaled frequency offset. Therefore, whether operation can be signaled implicitly via LTE CRS information or will require explicit signaling is dependent on the selected synchronization design.
In in-band operation, signalling of LTE CRS information is FFS. However, the UE needs to know the number of LTE CRS ports for rate-matching purpose. Furthermore, LTE CRS can also be very useful for several reasons. First, the UE can use this additional CRS for channel estimation, especially in poor radio conditions. Secondly, LTE CRS may be useful for measurements. Although it is up to UE implementation how to take advange of LTE CRS, CRS is always present and therefore should be indicated to the UE. It is expected that approximately 6-8 bits would be sufficient to signal this information.
Proposal 2: LTE CRS information is provided in the MIB.

SIB1 scheduling is discussed in [3]. Based on RAN2 agreements, we must support variable SIB1 sizes while the periodicity of SIB1 is fixed. Thus, we can trade off acquisition time versus SIB1 size. Simulation results show that time diversity (i.e. spreading out SIB transmissions across time) can improve performance substantially at very low SNRs. This gain is in addition to frequency hopping and multi-subframe channel estimation gain. As a result, NB-IoT SIBs should be transmitted discontinuously to take the advantage of time diversity. Naturally, the period should be selected to balance overhead, acquisition delay, and diversity gain.
For stand-alone and guard-band operations, all subframes are available for SIB1 transmission. However, for in-band operation, only non-MBSFN subframes may be used. Thus, for FDD, subframes 0,4,5,9 are available while, for TDD, subframes 0,1,5,6 are available. For FDD, since subframe 0, 4, and 5 have been proposed for synchronization and NB-PBCH, it is proposed that SIB1 is transmitted in subframe #9.
Finally, the number of NB-RS ports can be indicated via CRC masking of the NB-PBCH as shown in Table 1. Although the UE may be able to blindly determine the number of antenna ports, it is beneficial to have this information indicated via CRC mask as in legacy LTE.

Proposal 3: Number of transmit antenna ports for NB-IoT is indicated by CRC mask of NB-PBCH.
Table 1. CRC mask for NB-PBCH.
	Number of transmit antenna ports for NB-IoT
	PBCH CRC mask

	1
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0>

	2
	<1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1>


3
Conclusion
In this contribution, we consider NB-PBCH design for NB-IoT. Based on our analysis, we make the following proposals –

Proposal 1: NB-MIB indicates the 4 most significant bits of the SFN.
Proposal 2: LTE CRS information is provided in the MIB.

Proposal 3: Number of transmit antenna ports for NB-IoT is indicated by CRC mask of NB-PBCH.
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