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1 Introduction
In RAN#69 meeting, a new work item ‘NarrowBand Internet of Things, NB-IOT’ is approved [1]. The WID is revised later in RAN#70 [2]. In RAN1#83 chairman notes [3], it was agreed:
· Master information broadcast and system information broadcast are supported for NB-IoT
· Master information broadcast is carried by a first physical channel 
· The first physical channel has no accompanying control channel
· System information broadcast is carried by a second physical channel 
· FFS how the UE determines the time/frequency resources for the second physical channel carrying the system information broadcast 
In this contribution, we propose some design guidelines for the broadcast channel which carries master information. It is named as Narrowband-PBCH (NB-PBCH) throughout this paper.
2 Proposals for NB-PBCH design
It was described in NB-IoT WID that the NB-IoT should support in-band, guard-band and stand-alone operating modes [2]. It may somewhat cause additional complexity and standardization effort if each operating mode has its own design. Considering the target of low cost for NB-IoT device, it is preferred the UE’s operation before MIB acquisition is unified. The operating mode can be further indicated by the MIB content [4]. 
Proposal #1: The NB-PBCH design should be unified for all operating modes.
2.1 NB-PBCH resource mapping

For the NB-PBCH resource mapping within one subframe, it should consider the worst case which is in-band operating mode. Therefore, the REs occupied by legacy PDCCH and LTE CRS with up to 4 ports will be excluded for NB-PBCH resource allocation. Further, NB-RS with 2 antenna ports will be introduced as the phase reference for NB-PBCH demodulation. The leftover REs within one subframe are reserved for NB-PBCH. Fig.1 demonstrates the resource mapping of the NB-PBCH subframe for normal CP. For the example of extended CP, one can refer to our companion paper in [5].
Proposal #2: The resource mapping of NB-PBCH within a subframe excludes the REs occupied of legacy LTE CRS with 4 antenna ports, legacy LTE PDCCH region, and NB-RS with 2 antenna ports.
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Figure 1: NB-PBCH resource mapping
2.2 NB-PBCH coding chain

The NB-PBCH coding chain may follow the LTE PBCH with the following design principles that have been considered in [6]-[8]:
1. The NB-PBCH TTI is 640ms

2. There will be 8 blocks (segments) within the 640ms, each of which is 80ms long and masked by a scrambling code

3. Within each NB-PBCH block, multiple replicas will be allocated into different subframes

Fig.2 shows an example for the NB-PBCH coding chain. The MIB size is exemplified as 34bits here. The exact number should be for further study.
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Figure 2: An example of NB-PBCH coding chain (the size of MIB is FFS)
Proposal #3: Confirm the TTI of NB-PBCH is 640ms.
2.3 Considerations on NB-PBCH subframe occasions
As described in the previous section, multiple repetitions will be applied within each NB-PBCH block. In this section, we’d like to discuss some considerations on allocating NB-PBCH subframes. 
To support in-band operation, the NB-IOT downlink physical channels should avoid any possible collision with legacy LTE signals. Before system information is acquired, the MBSFN subframe configuration is unknown to the NB-IoT device. Therefore at least NB-PSS/NB-SSS and NB-PBCH should avoid the possible MBSFN subframs (ex. #1, #2, #3, #6, #7, and #8 for FDD). 

On solution (NB-PBCH Pattern 1) is to transmit NB-PBCH in subframe #0 of every frame. The 8 NB-PBCH subframe within 80ms are evenly allocated as Fig.3(a) shows. Another proposal (NB-PBCH Pattern 2) is to allocate NB-PBCH repetitions in adjacent subframe #9 and #0 of every 20ms, as demonstrated in Fig.3(b). Both alternatives result in the same NB-PBCH density and effective code rate. In our view, Pattern 2 may enable UE to provide better performance and robustness with reasonable complexity.
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Figure 3(a): NB-PBCH subframe occasions: Pattern 1
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Figure 3(b): NB-PBCH subframe occasions: Pattern 2

Considerations on channel estimation

In Fig.3(a) and (b) we respectively demonstrate its simple implementation of channel estimation for NB-PBCH demodulation. 

For Pattern 1 in Fig.3(a), one may perform time-domain average for the NB-RS within one subframe. The will result in 4 channel responses on the RS positions for each one-shot estimation. For better noise suppression, we may further perform smoothing by cross-subframe averaging. The smoothing filter can be designed as an FIR, like moving averaging filter, or an IIR. Then the frequency domain interpolation is applied to obtain the frequency responses of all the subcarriers within one PRB. Note that here we use the same channel estimate of each subcarrier for all OFDM symbols in the same subframe due to the low mobility requirement in NB-IoT. The major difference in Pattern 2 is that for one-shot channel estimate, the time domain averaging can be applied over two adjacent subframes. After that, the smoothing filter is applied over the estimates with 20ms separation.

By allocating adjacent subframes for NB-PBCH repetitions, it allows better one-shot estimation since more RSs are available for the time domain averaging. This would result in better performance when there is a residual frequency offset. It has been shown in some T-docs [9][10] that after initial cell search, the residual frequency error can achieve +/- 50Hz with more than 95% confidence. The residual frequency error introduces some time domain variation which makes the cross-subframe smoothing less effective. In this regard, the better one-shot channel estimation is important to the NB-PBCH demodulation performance.
In Fig.4 we demonstrate the NB-PBCH BLER under TU1 channel. Fig.4(a) shows that with 0Hz residual frequency error, both NB-PBCH patterns perform similarly with time-domain cross-subframe smoothing filter turned on. However, if there’s a frequency error up to 50Hz, for both patterns we have to turn off the smoothing filter to avoid the distortion introduced due to coherent averaging. We can observe in Fig.4(b) that Pattern 2 outperforms Pattern 1 by more than 1dB. Considering extreme coverage with 164dB MCL, the achieved BLER of Pattern 1 and 2 is about 0.5 and 0.3, respectively. If the target MIB decoding error rate requirement is 0.01, it requires up to 4.48 sec with NB-PBCH Pattern 1 compared with 2.56 sec. using Pattern 2.
Besides the robustness to residual frequency error, Pattern 2 may also provide better performance under fading channel with moderate mobility.
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Figure 4: BLER of NB-PBCH using Pattern 1 and 2 in TU1 with residual freq. error (a) 0Hz; and (b) 50Hz
Considerations on freq. error estimation
In the straightforward implementation of channel estimation in Fig.3, the time-domain cross-subframe smoothing is performed without taking residual frequency error into account. One possibility is to estimate and remove the frequency error before time domain smoothing. 

In legacy LTE, UE may employ CRS to perform fine frequency offset estimation (FOE). In NB-IoT, however, the CRS information may not be complete before MIB is acquired. The phase reference for NB-PBCH would be NB-RS [5]. Due to its low density, using NB-RS for FOE can be relatively unreliable. A preferable approach is to explore the data repetition property for the NB-PBCH subframes within one block. In that case, the separation between the repeated subframes determines the capture range of FOE, i.e. the range that can be estimated or detected without ambiguity. For Pattern 1, since there is 10ms separation between NB-PBCH, the FOE capture range is only +/- 50Hz. If there’s a frequency error of +50Hz, the FOE may erroneously detect it as -50Hz, which will further deteriorate the performance. By Pattern 2, on the other hand, the FOE capture range is up to +/- 500Hz. From the robustness point of view, it is desired the fine FOE can correctly operate without ambiguity even when the residual frequency error after cell search may sometimes larger than +/- 50Hz. 

Of course, even without fine FOE, the NB-PBCH can be decoded using multiple hypotheses of frequency offset. This, however, unnecessarily increase UE’s complexity. Considering the cost sensitive requirement of NB-IoT, the design should not mandate UE to perform multiple trials for NB-PBCH decoding due to the residual frequency error.
Observation #1: Allocating the repeated NB-PBCH in adjacent subframes is beneficial for UE channel estimation and residual frequency error estimation.
Proposal #4: The NB-PBCH will be allocated at adjacent subframes for NB-PBCH repetition
· FDD: #9 and #0 of every 20ms.
· TDD: FFS

3 Conclusion
In this contribution, we share our views on broadcasting channel design for NB-IoT. The observations and proposals are summarized as below:
Proposal #1: The NB-PBCH design should be unified for all operating modes.
Proposal #2: The resource mapping of NB-PBCH within a subframe excludes the REs occupied of legacy LTE CRS with 4 antenna ports, legacy LTE PDCCH region, and NB-RS with 2 antenna ports.
Proposal #3: Confirm the TTI of NB-PBCH is 640ms.
Observation #1: Allocating the repeated NB-PBCH in adjacent subframes is beneficial for UE channel estimation and residual frequency error estimation.
Proposal #4: The NB-PBCH will be allocated at adjacent subframes for NB-PBCH repetition

· FDD: #9 and #0 of every 20ms.
· TDD: FFS
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