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1 Introduction

At the last RAN1 ad-hoc meeting in Budapest, HU much progress was made on finalizing the NB-IoT design for the physical broadcast channel denoted NB-PBCH. The following captures the agreements that were reached as they pertain to the NB-PBCH design. In addition, an LS was sent to RAN2 in [1].
	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



	Agreements:
· NB-PBCH reuses the following functionalities from LTE PBCH:

· CRC generation and attachment.

· Tail biting convolutional encoding.

· Rate matching.

· Scrambling.

· Modulation.

· Layer mapping.

· Precoding



	Agreement:
· From RAN1 point of views, NB-MIB can be 34-bit payload and has a 16-bit CRC

· 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



In this contribution, we address the remaining open items to conclude on the NB-PBCH design for Release 13. 
2 NB-IoT Broadcast Channel Design Considerations
At the latest RAN1 ad-hoc meeting, it was agreed that the NB-PBCH design shall follow the LTE PBCH design. Figure 1 shows the resulting processing diagram for the NB-IoT Physical Broadcast Channel. In this section, we provide our views on the remaining details pertaining to each of the steps depicted in Figure 1.
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Figure 1: Block diagram of the NB-PBCH channel processing
2.1 CRC Attachment
Error detection through Cyclic Redundancy Check (CRC) follows Section 5.3.1.1 in [3]. The entire transport block is used to calculate the L=16 CRC parity bits. After CRC attachment, the CRC bits are scrambled to indicate the number of NB-RS antenna ports on which the NB-PBCH is transmitted whereby NB-RS is the narrowband reference signal used for demodulation of the NB-PBCH. Table 5.3.1.1-1 in TS 36.212 [3] can be reused for this CRC masking. Note that per the agreements from previous RAN1 meetings, two scrambling sequences suffice for the NB-RS antenna port indication. 
2.2 Channel Coding
Tail biting convolutional encoding according to section 5.3.1.1 in [3] is used for the NB-PBCH channel coding.
2.3 Rate Matching
Rate matching follows Section 5.3.1.3 in TS 36.212 [3]. The number of rate matched bits will be further discussed in Section 2.8 below.
2.4 Scrambling

The scrambling sequence for the NB-PBCH is given in 7.2 of TS 36.211 [2] and is initialized with the NB-IoT Physical Cell Identifier (PCI) in each radio frame fulfilling nf mod 64 = 0 where nf is the System Frame Number (SFN). Details of the scrambling procedure will be further discussed in Section 2.8 below.
2.5 Modulation Mapping

The NB-PBCH is transmitted using QPSK according to Section 7.1 of TS 36.211 [2].
2.6 Layer Mapping

The modulated symbols are mapped to layers according to Sections 6.3.3.1 and 6.3.3.3 in [2] for a single NB-RS antenna port and more than one NB-RS antenna port, respectively.
2.7 Precoding

The modulated symbols are precoded according to Sections 6.3.4.1 and 6.3.4.3 in [2] for a single NB-RS antenna port and more than one NB-RS antenna port, respectively.
2.8 Resource Element Mapping

At the last RAN1 ad-hoc meeting, it was also agreed that at least in FDD mode, the NB-PBCH is transmitted in subframe #0 of every radio frame and that the BCH transport channel passes a narrowband MasterInformationBlock (NB-MIB) to the PHY every transmission time interval of 640ms. Furthermore, it was agreed to segment the NB-MIB into 8 independently decodable code blocks of 80ms duration each. Figure 2 and Figure 3 show two possible resource element mappings for the NB-PBCH. In the first figure, for the purpose of rate matching, 1,600 bits are assumed stemming from 8 code blocks of 80ms duration with 200 bits are repeated eight times. Note that since it was agreed that at least for FDD, the NB-PBCH does not use the first three symbols in a subframe and is rate matched around four LTE CRS ports, and assuming it is always rate matched around two NB-RS antenna ports with the same NB-RS density per antenna port as LTE CRS antenna ports 0 and 1, a single radio frame provides 100 resource elements for NB-PBCH transmission, or, alternatively, 200 bits. 
Instead of repetitions of a code block, the rate matched and encoded NB-MIB can be mapped continuously to the NB-PBCH resources as depicted in Figure 2, i.e., rate matching is with respect to all resources within one TTI. One consequence of the two mappings is how the individual transmissions are combined at the NB-IoT UE and how evenly this occurs. Assuming a NB-MIB payload of 34 bits in accordance with the agreements from last meeting, including the 16 CRC bits, each output of the convolutional encoder, denoted vi, has 50 bits, i.e., four such blocks fit into one radio frame. For the case where 200 bits are mapped to one 80ms window, the first block v0 gets repeated twice as often as the other two blocks v​1 and v2 whereas for the other case, repetitions of vi are more regular. We have a slight preference in regard to the second option that accumulates the energy more evenly across transmissions within one TTI and propose to adopt the second option in order to avoid an uneven accumulation as depicted in Figure 4.

Proposal 1: The NB-MIB is rate matched to 12,800 bits. 
[image: image2.png]BCH passes
one NB-MIB to

the PHY every
TTI equals 640

ms

After CRC attachment and channel coding,
the encoded bits are rate matched to 1,600 bits
which are then segmented into 8 code blocks of 200 bits each

e e e e

Each code blockis NB-IoT UE knows 80ms Each code block
self-decodable boundary from NB-SSS has a different bit
ordering
Each subframe E:eh\ndio frame
within one code has 100 REs for
block is identical NB-PBCH or 200

and self-decodable bits with QPSK




Figure 2: NB-PBCH resource element mapping with repetitions inside a code block
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Figure 3: NB-PBCH resource element mapping with continuous mapping inside a code block
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Figure 4: NB-PBCH combining with repetition within one code block
3 NB-MasterInformationBlock (NB-MIB)

In addition to the physical channel processing, the NB-MIB payload also needs to be redesigned. In this section we provide our views on the open issues identified at the last meeting. 
System Frame Number (SFN)
From the physical channel design described in Section 2, the NB-IoT can obtain the timing with respect to the 640ms TTI during which the NB-MIB payload does not change. To align the NB-IoT SFN obtained by decoding the NB-MIB with the LTE SFN signaled in the LTE MIB, 4 additional bits are needed. Whether additional bits are needed, e.g., to move the H-SFN to the NB-MIB is currently being discussed in RAN2. Hence, from a physical layer perspective, at least 4 bits are needed in the NB-MIB to signal the system frame number.
Proposal 2: At least 4 bits are needed in the NB-MIB to signal the system frame number.
LTE CRS Information
In order to allow the NB-IoT UE to rate match around legacy CRS REs, it has to be informed about the CRS configuration of the LTE donor cell for NB-IoT in-band operation. The CRS frequency shift is already known from the NB-SSS detection as it was agreed that NB-SSS and PSS/SSS may indicate different PCIs but not different v-shifts. Furthermore, any information pertaining to MBSFN subframes can be signaled to the NB-IoT UE at a later stage. Similarly, the maximum control format indicator (CFI) can also be indicated to the NB-IoT UE at a later stage. Hence, only the number of CRS antenna ports needs to be included in the NB-MIB for proper decoding of the NB-SIB1. To allow the NB-IoT UE to also use the legacy LTE CRS for channel demodulation, the LTE PRB index in which the NB-PBCH is transmitted can also be included in the NB-MIB. Two bits are required for the number of LTE antenna ports {0,1,2,4} and seven bits for the PRB index. Note that 7 bits allow to increase the PRB index range beyond 100 to also cover the guard-band mode of operation. However, in practice, assuming a power imbalance between the LTE CRS REs and the NB-RS REs, e.g., because the latter are power boosted, the NB-IoT would also need an indication of the aforementioned power imbalance. Hence, this information needs to be included together with the PRB index to allow the UE demodulation of downlink channels using LTE CRS. Hence, it may be beneficial to signal the PRB index at a later stage together with the power offset indicator. 
Proposal 3: Two bits are included in the NB-MIB for indication of the number of LTE antenna ports, namely, {0,1,2,4}.Alternatively, a single bit can indicate whether the LTE CRS configuration is identical to the NB-RS configuration in terms of the number of antenna ports (one or two antenna LTE CRS ports) or not in which case the UE assume four LTE CRS antenna ports. 
Proposal 4: Seven bits are included in the NB-MIB for indication of the LTE donor PRB index. The PRB index is used for both in-band and guard-band deployments. The number of bits can potentially be reduced by only including some PRBs, e.g., in relation to the NB-IoT channel raster. 
SIB1 Scheduling Information
Similar to LTE Rel. 13 eMTC, the schedulingInfoSIB1-BR-r13 information element (5bits) can be included in the NB-MIB. 
Mode of operation indication
The mode of operation can be implicitly indicated by the aforementioned parameters. For example, the PRB index can signal in-band (0-99), guard-band (100-110), or standalone (111) mode of operation. Alternatively, a non-zero number of LTE CRS antenna ports signals in-band mode of operation, if the number of LTE CRS antenna ports is set to zero, the PRB index is used to distinguish between guard-band and standalone mode of operation. Lastly, if the number of LTE CRS antenna ports is set to zero, the PRB index signals standalone mode of operation, otherwise the PRB index distinguishes between in-band and guard-band mode of operation. If the PRB index indicates guard-band mode of operation, the UE shall ignore the indicated number of LTE CRS antenna ports accordingly.

Proposal 5: The mode of operation can be implicitly indicated by existing parameters.

LTE Donor System Bandwidth
The LTE system bandwidth may be needed in the NB-MIB payload to facilitate frequency hopping for NB-SIB1 transmission which are discussed in our companion contribution in [4] to which we refer here. In addition, to support single carrier deployments without frequency hopping, another bit may be needed to disable frequency hopping. Alternatively, the bits that signal the LTE system bandwidth in the NB-MIB can be used for such indication. 
Channel Raster Offset Indication
Depending on the final agreements in this regard, if the system bandwidth of the LTE donor cell is signaled in the NB-MIB, the raster offset information may be indicated in the NB-MIB using one bit. If the system bandwidth of the LTE donor cell is not signaled in the NB-MIB, the raster offset information is indicated in the NB-MIB using two bits for +/-2.5kHz and +/-7.5kHz
System Information Value Tag

The System Information Value Tag—same size as in legacy LTE systems, i.e., 5bits—can be included in the NB-MIB. 
Access Control

One bit can be included in the NB-MIB to indicate when system information message for access congestion (AC) is (de)activated.
4 Conclusion

In this contribution, we present our views on the remaining design aspects of the NB-PBCH channel. The following are the proposals:
Proposal 1: The NB-MIB is rate matched to 12,800 bits. 
Proposal 2: At least 4 bits are needed in the NB-MIB to signal the system frame number.
Proposal 3: Two bits are included in the NB-MIB for indication of the number of LTE antenna ports, namely, {0,1,2,4}.

Proposal 4: Seven bits are included in the NB-MIB for indication of the LTE donor PRB index. The PRB index is used for both in-band and guard-band deployments.

Proposal 5: The mode of operation can be implicitly indicated by existing parameters.
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