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1 Introduction

At the last RAN1 #83 meeting in Anaheim, CA a compromise WF was agreed to progress the work on an NB-IoT system for a cellular Internet-of-Things based on a non-backward compatible variant of the E-UTRA air interface. For the NB-IoT downlink, OFDMA with 15 kHz subcarrier spacing was adopted whereas for the uplink, single-tone and multi-tone transmissions will be supported. Initial technical design decisions were also reached, e.g., on TDD support and synchronization signal design. With respect to the NB-IoT downlink design, working assumptions on the use of SFBC for operation with 2 Tx antenna ports and the use of TBCC as in LTE for all NB-IoT downlink channels were agreed. In this contribution, we further present our views on the design aspects of the various NB-IoT downlink channels, in particular, on the NB-PBCH design. 
2 NB-IoT Broadcast Channel Design Considerations
Figure 1 shows the proposed processing diagram for the NB-IoT Physical Broadcast Channel (NB-PBCH). A BCH transport block, namely, the Narrowband Master Information Block (NB-MIB), arrives on the BCH transport channel every 640ms. Hence, the transmission time interval (TTI) of the NB-PBCH is proposed to be 640ms. 
The modulated symbols for transmission on the NB-PBCH are created according to Rel. 8 LTE specifications for the legacy PBCH [1]

 REF _Ref440025004 \r \h 
[2] and are detailed in Sections 2.1 to 2.7. However, the mapping of these symbols to the physical resource elements of the OFDM time-frequency resource grid needs to be changed for NB-IoT systems due to the coexistence with legacy LTE channels and signals for in-band deployments and, potentially, due to the “clean-slate” deployment in LTE guard-bands or even in a standalone manner. Various alternatives can be considered which are discussed in detail in Section 2.8. In Section 2.9, we discuss the reference signal design for NB-PBCH demodulation and lastly, NB-MIB payload considerations are included in Section 2.10. 
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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 [2]. 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 [2] can be reused for this CRC masking. 
2.2 Channel Coding
Tail biting convolutional encoding according to section 5.1.3.1 in [2] is used for the NB-PBCH channel coding.
2.3 Rate Matching
Rate matching follows Section 5.3.1.3 in TS 36.212 [2]. The number of rate matched bits is defined in Section 2.8 below.
2.4 Scrambling

The scrambling sequence for the NB-PBCH is given in 7.2 of TS 36.211 [1] 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). 
2.5 Modulation Mapping

The NB-PBCH is transmitted using QPSK according to Section 7.1 of TS 36.211 [1].
2.6 Layer Mapping

The modulated symbols are mapped to layers according to Sections 6.3.3.1 and 6.3.3.3 in [1] 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 [1] for a single NB-RS antenna port and more than one NB-RS antenna port, respectively.
2.8 Resource Element Mapping

Whereas the physical channel processing is based on legacy LTE procedures (Sections 2.1 to 2.7), one open question is how to map the modulated symbols to the time/frequency grid that generates the OFDM waveform. Figure 2 depicts the legacy control region for system bandwidths other than 1.4 MHz on which the PCFICH, PHICH and PDCCH may be transmitted in in-band operation. In addition, the cell-specific reference signal pattern for four antenna ports is depicted together with a proposed NB-RS pattern for NB-PBCH transmission. As can be seen from the illustration, if the NB-PBCH is rate matched for in-band operation assuming protection of the entire legacy control region (CFI=3) and all LTE CRS antenna configurations, 100 REs are available for rate matching of the NB-PBCH. If, however, only NB-RS is considered in the rate matching procedure, 152 REs would be available. This raises the question whether the NB-PBCH RE mapping should be the same for all operation modes in favour of a unified design targeting a single implementation for faster time-to-market, lower implementation and testing costs, and lower NB-IoT UE complexity, or, alternatively, whether resource utilization should be optimized for each respective operation mode especially if the RE mapping to 100 REs can fulfil all requirements. 
Observation: A unified NB-PBCH design that is identical for all NB-IoT modes of operation allows for faster time-to-market, lower implementation and testing costs, and lower NB-IoT UE complexity.
Based on the above considerations, several alternatives are possible for mapping the modulated NB-PBCH symbols to the OFDM time/frequency grid. 

Alt. 1: eNB and NB-IoT UE have the same assumption about the NB-PBCH RE mapping
Alt. 1-1: the NB-PBCH RE mapping is identical for all modes of operation

Alt. 1-2: the NB-PBCH RE mapping is different for different modes of operation

Alt. 2: eNB and NB-IoT UE have different assumptions about the NB-PBCH RE mapping
Alt. 2-1: the NB-IoT UE knows about the mismatch, e.g., via RRC configuration and the NB-IoT UE receiver can take care of the mismatch 
Alt. 2-2: the NB-IoT UE does not know about the mismatch (“puncturing”)
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Figure 2: NB-PBCH reference signal design
Note that Alt. 2 implies the NB-PBCH RE mapping is not identical for all modes of operation. Further, since Alt. 1-2 implies that the NB-IoT mode of operation is known to the NB-IoT UE prior to decoding the NB-PBCH, it is not desirable as it necessitates signalling of the NB-IoT deployment mode in the NB-PSS/NB-SSS and unnecessarily increases the NB-IoT complexity. 
Observation: Indicating the mode of operation in the NB-IoT synchronization signal unnecessarily increases the NB-IoT complexity
With these alternatives in mind possible procedures for decoding the NB-PBCH while minimizing the resource waste are as follows: 

For in-band operation, when the NB-IoT UE decodes the NB-PBCH for the very first time (NB-MIB acquisition), Alt. 2-2 applies assuming all 152 REs are used for all three deployment modes. After the NB-IoT UE has successfully decoded the NB-PBCH at least once, for all subsequent NB-PBCH decoding attempts (NB-MIB re-acquisitions), e.g., to check the system information value tag (cf. Section 2.9), since it has already acquired the LTE CRS information for in-band operation previously, the NB-IoT UE receiver can switch from Alt. 2-2 to Alt. 2-1. 
For guard-band/standalone mode of operation, assuming NB-PSS/NB-SSS indicate the mode of operation, the NB-IoT UE receiver can apply Alt. 1-2 even for the initial acquisition of the NB-MIB, however, such an indication is not desirable. If, on the other hand, mode of operation is indicated by the NB-MIB, then, for guard-band/standalone mode, the NB-IoT UE receiver switches from Alt. 2-2 to Alt. 1-2 for any re-acquisition of the NB-MIB, e.g., when the UE re-selects the cell. 
It can be seen that such complicated UE procedures require various NB-PBCH receiver implementations and thus represent an undesirable optimization for low complexity, low cost NB-IoT UEs. Hence, our preference is to keep things simple and to agree on a unified NB-PBCH RE mapping for all NB-IoT deployment modes. Hence, the NB-PBCH is rate matched around all four LTE CRS antenna ports, the entire legacy control region (CFI=3), and otherwise follows the principles in Section 6.6.4 of 3GPP TS 36.211 [1]. With this RE mapping, the NB-PBCH can then be transmitted as follows:

· The transmission time interval (TTI) of the NB-PBCH is 640ms
· The NB-PBCH RE mapping is the same for all NB-IoT deployment modes and consequently, the NB-PBCH demodulation is identical for all deployment modes using the same NB-RS 
· The NB-PBCH is rate matched around all four LTE CRS antenna ports, the entire legacy control region (CFI=3), and otherwise follows the principles in Section 6.6.4 of 3GPP TS 36.211
· The NB-PBCH is transmitted in subframe #0 of every radio frame
· The NB-PBCH transport block is segmented into 8 sub-blocks (200 bits each totaling 1,600 bits) each of which is repeated 8 times over 80ms
2.9 NB-PBCH Reference Signal Design

Figure 2 above depicts a possible reference signal design for demodulation of the NB-PBCH. By shifting the legacy CRS positions in the time domain, collision with CRS transmitted by other cells with a different v-shift is avoided. Alternatively, the legacy CRS positions can be shifted in the frequency domain. In this case, the NB-RS may collide with the CRS of a neighboring cell depending on that cells PCI. On the other hand, such a frequency domain shift avoids collisions with legacy CSI-RS that may occur when the NB-RS is shifted depending on the PCI as is the case with the legacy CRS. 
Irrespective of the NB-RS pattern, the legacy CRS sequence generation can be re-used for NB-RS transmissions. Therefore, the number of REs carrying CRS for antenna ports one and two is identical with the number of REs carrying NB-RS for antenna ports 100 and 101. 
To further simplify NB-IoT UE receiver structures, we also propose to use the same NB-RS pattern for demodulation in all NB-IoT modes of operation (guard-band, in-band, standalone).
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Figure 3: Alternate NB-PBCH reference signal design
2.10 NB-MasterInformationBlock (NB-MIB)

In this section we present our view on the essential system information that should be transmitted on the NB-PBCH. The NB-MIB should include at least the following:
· System Frame Number
· System information value tag
· LTE CRS information for in-band operation 

· SIB1 scheduling information
As mentioned above, the NB-IoT mode of operation (guard-band, in-band, standalone) should not be signaled in the NB-PSS/NB-SSS and hence, the NB-MIB needs to indicate the mode of operation information. Several alternatives are possible:
Alt. 1: explicit indication via a dedicated field in the NB-MIB
Alt. 2: implicit indication via the LTE CRS information field

For explicit signaling of the NB-IoT mode of operation (Alt. 1), at least from a physical layer specification perspective, it may suffice to simply distinguish between in-band and guard-band/standalone mode of operation (1 bit). However, we are also open to considering two bits if such a need is identified, e.g., by other working groups. The NB-PBCH payload can further be minimized through implicit signaling, e.g., by setting the LTE CRS information field to zero LTE CRS antenna ports. Since discussions on the NB-IoT mode of operation indication are still on-going in RAN1 and considering the availability of reserved bits in the NB-MIB, a decision on the proposed alternatives can be left open at this stage.
3 Conclusion

In this contribution, we present our views on design aspects of the NB-PBCH channel. The following are the proposals:
Proposal 1:
· Error detection through Cyclic Redundancy Check (CRC) follows Section 5.3.1.1 in TS 36.212

· Tail biting convolutional encoding according to section 5.1.3.1 in TS 36.212 is used
· Rate matching follows Section 5.3.1.3 in TS 36.212
· The scrambling sequence for the NB-PBCH is given in 7.2 of TS 36.211 [1] 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)
· The NB-PBCH is transmitted using QPSK
· The modulated symbols are mapped to layers according to Sections 6.3.3.1 and 6.3.3.3 in TS 36.211 for a single NB-RS antenna port and more than one NB-RS antenna port, respectively
· The modulated symbols are precoded according to Sections 6.3.4.1 and 6.3.4.3 in TS 36.211 for a single NB-RS antenna port and more than one NB-RS antenna port, respectively
Proposal 2:

· The transmission time interval (TTI) of the NB-PBCH is proposed to be 640ms
· The NB-PBCH RE mapping is the same for all NB-IoT deployment modes and consequently, the NB-PBCH demodulation is identical for all deployment modes using the same NB-RS

· The NB-PBCH is rate matched around all four LTE CRS antenna ports, the entire legacy control region (CFI=3), and otherwise follows the principles in Section 6.6.4 of 3GPP TS 36.211

· The NB-PBCH is transmitted in subframe #0 of every radio frame

· The NB-PBCH transport block is segmented into 8 sub-blocks (200 bits each totaling 1,600 bits) each of which is repeated 8 times over 80ms
Proposal 3:

· The NB-MIB includes at least
· SFN 

· System information value tag
· LTE CRS information for in-band operation 

· SIB1 scheduling information 
· Several alternatives are possible for mode of operation indication by the NB-MIB:

· Alt. 1: explicit indication via a dedicated field in the NB-MIB
· Alt. 2: implicit indication via the LTE CRS information field
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