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NB M2M - Frame Index Indication Design
1 Introduction
In the “clean-slate” NB M2M system proposal for cellular IoT, a number of physical channels and signals have been defined for different purposes as described in the technical report [1]. In this contribution, a new physical layer signal, named frame index indication signal (FIIS), is introduced for the NB M2M system to transmit the frame numbering information within the PBSCH downlink channel. 
2 Discussion
2.1 Motivations for FIIS
In cellular system, transmissions within a cell are synchronized with each other (in contrast to the collision detection/avoidance based systems used in some non-cellular systems, e.g. WiFi). A fixed-length radio frame is usually defined in the cellular system to align the edges of traffic bursts. The radio frames are indexed by their frame number which is used to control different transmission cycles that may have a period equal to or longer than one frame, such as the repetition granularity of synchronization and scheduling cycles (i.e. DCI interval) in [1], and/or to implement frame-dependent settings.  
Frames are numbered one by one until the maximum value is reached (frame number is in the range of 0~63 in the NB M2M design) and then the frame numbers repeat themselves. In this sense, the frame numbering information would change per frame within a numbering cycle (i.e. a super-frame as defined in [1]). On the other hand in NB M2M, PSS/SSS (Primary Synchronization Signal/Secondary Synchronization Signal) and BIB (Broadcast Information Block) are designed to be repeated every frame and every eight frames respectively [2] to maximize the receiver processing gain with the aim of achieving an extended coverage compared to legacy GPRS (non-EGPRS). As a result, a separate design is required for transmitting frame numbering indication, in addition to the PSS/SSS/BIB, in the NB M2M system.

A dedicated physical signal, FIIS is introduced in the NB M2M system for the transmission of frame numbering information. A contiguous sequence of 127 symbols following the PSS/SSS symbols in PBSCH [1] is allocated for FIIS. A length-127 sequence is used to carry the frame numbering information as elaborated in the next subsection. The FIIS resource mapping is illustrated in Figure 1. 
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Figure 1. Resource mapping of FIIS
2.2 FIIS sequence generator
The sequence 
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used for FIIS is a scrambled cyclically shifted m-sequence. 
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is the index of the current frame. The length-127 m-sequence
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is defined according to
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with initial conditions
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. The scrambling sequence 
[image: image15.wmf]()

cn

 is a pseudo-random sequence defined by a length-31 Gold sequence according to
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where 
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 and the first m-sequence is initialized with 
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. The initialization of the second m-sequence is denoted by 
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represents the PCI group index and
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represents the PCI within the PCI group as defined in [2]. The whole FIIS sequence generating procedure is shown in Figure 2.
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Figure 2. Generator of FIIS sequence
The FIIS sequence 
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is modulated by π/2 phase-rotated BPSK then mapped onto the contiguous 127 symbols allocated to FIIS in the PBSCH.
2.3 Frame index acquisition
Since FIIS is not transmitted over multiple repetitions with identical contents, unlike PSS/SSS/BIB, the equivalent repetition combining gain cannot be directly achieved. However, the mapping of the 6-bit frame index information to a length-127 sequence offers substantial processing gain so that the reliability of FIIS is ensured even in case of maximum coverage extension. Additionally, the decoding of FIIS is implemented after synchronization and CFO correction, which further improves the FIIS decoding performance. 
According to our evaluations for the case of maximum coverage extension (164 dB MCL which results in -3.7 dB SNR for the PBSCH downlink channel in the NB M2M system) based on the same simulation assumptions as [2], the FIIS can be decoded successfully in one independent frame with 99% confidence. This performance is based on straightforward receiver processing, and further improvements may be possible at the expense of some additional receiver complexity. 
3 Conclusions
In this contribution, the frame index indication signal (FIIS) is introduced for the NB M2M system. The FIIS provides a means for robust reception of frame index information even in the case of maximum coverage extension. 
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