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NB M2M - Refinements for Physical Broadcast Channels (update of GPC150026)
1 Introduction

At GERAN#62, a study item named “Cellular IoT” was created, aiming to evaluate how to support low throughput and low complexity machine type communications [1]. NB M2M has been proposed as one of the candidate solutions [2]. A design of physical broadcast channels has also been captured in [2]. This document introduces some refinements of the design for the physical broadcast channels.
This document is an update of [4]. Changes have been highlighted in yellow background.
2 Nomenclature
As described in [2], there are two types of physical broadcast channels. The physical broadcast and synchronization channel (PBSCH) carries the synchronization signals (PSS, SSS, FIIS) and the basic broadcast information (system information type 1). The physical broadcast channel (PBCH) carries extended broadcast information (system information types 2, 3 and 4).
A potential issue with such a design is that it unnecessarily limits the information carried by a given data block to be “system information type x” even though the physical layer is really transparent to the nature of the data carried in each broadcast data block. Therefore, it is proposed to change the physical layer nomenclature from “system information type x” to “broadcast information block x” such that it is the function of the higher layers to define what is carried in a given broadcast information block.

Furthermore, since the PBCH carries extended broadcast information, it is more natural to call it the extended physical broadcast channel (EPBCH).
3 Modulation process for broadcast information block 1
The modulation process for broadcast information block 1 on PBSCH is slightly different to that for other broadcast data because this information block is interleaved with the synchronisation signals (PSS, SSS and FIIS). This section clarifies the processing steps for broadcast information block 1.
The scrambled bits for broadcast information block 1 are first sub-divided into eight equal length groups of bits. Each group is then separately modulated using π/2-DBPSK. The output symbols for each group are then successively mapped to eight consecutive synchronization and broadcast bursts. This is illustrated in Figure 1 below (burst repetition is performed on an 8-burst group basis but is not shown in the figure).
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Figure 1. Modulation process for broadcast information block 1
4 Modulation scheme for PBSCH/EPBCH broadcast information
4.1 Differential modulation
The broadcast channels operate at higher (i.e. 1/1) frequency reuse than is typically envisaged with PDSCH data channels, hence they must be resilient to higher levels of co-channel interference. It is proposed to use a differential modulation scheme (specifically π/2-DBPSK) for the broadcast channels in order to avoid the need for channel estimation under interference limited radio conditions. The π/2-DBPSK modulation also has the benefit of no pilot symbol overhead and has inherent robustness against carrier frequency offset (CFO) and Doppler shift. The penalty for using differential modulation is a higher SNR requirement for demodulation, but this is taken into account by the spreading and repetition factors used for the broadcast channels to achieve the overall MCL target.
Table 1 shows the mapping between modulating bits and phase change for consecutive symbols in the π/2-DBPSK modulation. An initial reference symbol is inserted at the start of each burst with 
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Table 1: Mapping between modulating bits and phase change for π/2-DBPSK
	Data bits
	Phase change relative to previous symbol

	0
	0

	1
	π


4.2 Spreading 
The spreading factor for broadcast information is proposed to be 8. 
With differential modulation, spreading is more efficient than repetition in terms of SNR performance. This is because spreading provides processing gain prior to the differential decoding operation. Note that the reason for avoiding high spreading factors with non-differential modulation is to maintain robustness to high frequency errors and Doppler, but differential modulation is inherently more robust to these issues.
Suppose the initial signal power is 
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 (i.e. significantly lower than 
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, the SNR after differential demodulation is as follows:

[image: image11.wmf])

2

/(

)

)

(

)

(

)

2

/((

)

(

2

2

2

2

2

2

2

N

mNS

S

m

mN

S

m

mN

S

m

SNR

spreading

+

=

+

´

=


Alternatively, with a repetition factor of 
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, the SNR after demodulation is 
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, hence after combining the signal power is 
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 and the noise power is 
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. The final SNR after repetition combining is expressed by:
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This illustrates that
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 is better than 
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, especially in low SNR cases. For example, if the initial SNR (i.e. before de-spreading or repetition combining) is -7 dB, then the final SNR when using spreading may be 5 dB higher than that when using repetition, for the same spreading/repetition factor.
In addition, the use of a spreading factor of 8 is very helpful for supressing inter-cell interference given that the frequency reuse factor of the broadcast channel is 1/1. This is because the spreading codes used by the broadcast channels are defined to be a function of the cell ID.

4.3 Repetitions 

The repetition factor for broadcast information is proposed to be 8.

The reason for selecting a repetition factor of 8 for PBSCH and EPBCH, rather than increasing the spreading factor beyond 8, is that any further increase in the spreading factor would cause additional delay in decoding the broadcast information for UEs that have good link budget. With the proposed scheme, UEs that are not in worst case coverage only need to receive a limited number of repetitions to achieve correct decoding of the broadcast information (potentially just a single repetition if the SNR at the UE receiver is sufficiently high). This ensures that the broadcast information decoding latency scales according to the UE link budget, which is helpful for minimising power consumption of UEs that have non-worst case link budget.
Therefore, the choice of spreading factor and repetition factor for the broadcast information is a trade-off between acquisition latency (and so power consumption) for UEs in good coverage (which require fewer repetitions to be received for correct decoding of the broadcast information) and latency (and so power consumption) for UEs in worst case coverage (which benefit from the improved SNR performance associated with higher spreading factors).

5 Conclusions
This document discusses some proposed refinements to the NB M2M candidate solution relating to the definition of the physical broadcast channels. A companion text proposal can be found in [3].
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