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1 Introduction
Computational complexity and memory footprint are the leading factors in determining the cost of the baseband processor for a cellular device modem.  Typically the baseband processing represents the majority of the silicon area and thus is the strongest component of modem silicon cost.  The goal of the study of an ultra-low complexity cellular system is to manage this cost, however, even for the systems previously proposed the baseband processing and memory can represent 50% of the modem silicon area.
This analysis examines computational complexity and memory requirements of the sync channel processing for NB-LTE.  Previous analysis has shown that sync channel processing is driver of computational complexity in the baseband processing for a CIOT system.
2 MS Complexity Analysis
The sync channel design for NB-LTE is described in [1] and [2], and some assumption about processing algorithm requirements can be inferred from [3].  The design is based on a PSS and SSS channel segments from LTE.  The PSS channel is a length 71 Zadov-Chu sequence with one of three roots.  This sequence is differentially encoded to provide carrier frequency offset protection, up-sampled and divided into six symbols to which a cyclic prefix is appended.  The SSS channel is a concatenation of two length 31 ZC sequences with different roots and cyclic shifts.  The root is used to carry the cell ID information.  Additionally the SSS channel is scrambled with a sequence to disambiguate the location within the M-Frame.  This channel is up-sampled and divided into symbols in the same fashion as the PSS channel.

For the purposes of this analysis the following algorithm is assumed for sync channel processing:

· Filter incoming sample stream store in 15 msec buffer,
· Gather a buffer representing 6 symbol duration,

· Segment the buffer into 6 symbols and discard cyclic prefix and zero padding,
· Down sample buffer by 10,

· Differentially decode the segment boundary samples,

· Compute inner produce of sequence vector and reference for each root,
· Shift buffer by 1 input sample and repeat from segmentation,

· Correlation value are accumulated at each sample location and for each root sequence,

· Peak detection is performed on each buffer after 15 msec duration,

· Best candidate location is used for CFO estimation and SSS processing.

The operations counts and buffer memory for the PSS algorithm are given in the table below.  The operations are counted in terms of real multiplications and additions.

	Filtering
	84 ops/sample
	161.3 Mops/sec

	Differential decoding
	36 ops/sample
	69.1 Mops/sec

	Inner product
	287 ops/sample/root
	551.0 Mops/sec/root

	Total
	1369 ops/sample
	1883.5 Mops/sec

	Sample Buffer
	112.5 kByte

	Integration Buffer
	112.5 kByte

	Total Buffer Memory
	450 kByte


Table 1: PSS Operations and Memory
The SSS channel processing uses the following algorithm:

· Select 6 symbols of data from the 15msec buffer based on the best location as indicated from PSS detection, 

· Multiply with phase ramp to remove CFO

· Segment the data into symbols and discard cyclic prefix,
· Down-sample and perform 16-pt FFT on each symbol

· Extract SSS samples from tone locations

· For each of 168 root sequences 

· For each scrambling sequence

· Perform inner product with reference vector

· Select Cell ID and slot phase based on best correlation energy

The operations counts for the SSS algorithm are given in the table below.  The operations are counted in terms of real multiplications and additions.

	Phase Ramp
	4932 ops/15 msec
	0.329 Mops/sec

	FFT
	224 ops/symbol
	0.090 Mops/sec

	Inner product
	434 ops/root/scrambling
	0.029 Mops/sec/root/scramb

	Roots and scrambling hypothesis
	
	672

	Total
	6276 ops + 434 ops/hypothesis
	19.9 Mops/sec


Table 2: SSS Operations
The operations counts for PSS and SSS processing must be summed because the processing for both is required to complete within a fixed 15msec window.  The total operations count and memory for the sync channel processing is compared against the operations counts and memory for the NB-CIOT proposal, from [4], in the table below.

	
	NB-CIOT
	NB-LTE

	PSS + SSS operations
	60 Mops/sec
	1903.4 Mops/sec

	Buffer Memory
	28 kByte
	450 kByte


Table 3: Complexity Comparison
3 Summary
The sync channel proposal for NB-LTE reuses channel design from LTE but in doing so imposes complexity requirements on a CIOT device comparable to an LTE device.  The proposed design is estimated to require more than 31x the computation power and 16x the memory as compared to other proposals.  These complexity and memory requirements will be reflected in increased cost of the end device and increased power consumption when compared to other proposals.
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