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1 Introduction

At the previous RAN1 meeting (#72bis in Chicago) a proposal for an alternative PBCH decoding technique [1] was proposed to improve MTC coverage.  Unlike various other proposals to improve PBCH coverage using repetition schemes, this decoding technique does not decrease spectral efficiency.  As a way forward in identifying solutions to improving PBCH coverage, it was agreed [2] that further study was needed to assess the impact on UE complexity.  This contribution includes that assessment of UE complexity by providing processing and memory requirements.   Additionally in this contribution we supplement performance results given in [1] by including imperfect channel estimation.  We also provide a modification to the agreed to text proposal on PBCH to include this technique among the candidates for improving PBCH coverage.
2 Additional performance results
Performance results given in [1] considered only perfect channel estimation.  Figure 1 below shows additional performance results for sequence lengths 1, 4, 8 and 16 for both perfect and imperfect channel estimation.  For imperfect channel estimation results, channel estimates were averaged over a 10-subframe window as described in [3]. 
[image: image1.emf]Figure 1  PBCH correlation decoder performance for 2x2 antenna configuration, EPA3 channel, channel estimation using 10 subframe averaging, no freq. offset, BW = 1.4 MHz and fc = 2.0 GHz
For example, the results show that for a sequence length of 8 frames with imperfect channel estimation at a 1% miss probability, the PBCH correlation decoder yields a coverage gain of about 16.5 dB with respect to the conventional PBCH decoder, which is significantly above the 11.7 dB for coverage improvement required for PBCH for FDD (see section 9.5.2.1 of [3]).  Although the results in Figure 1 do not take into account the effect of frequency error, it has been shown in other contributions such as [4] (see Figure 1 therein), that the performance degradation would be minor and would amount to a fraction of 1 dB.

We summarize the performance results in Table 1 in terms of coverage gain, UE memory and processing requirements (see the Appendix for calculations details), and decoding times for various processing capabilities.  Although there are many different ways of performing the required correlation operations, for simplicity, we assume a simple batch convolution-type implementation.   
Table 1:  PBCH Correlation Decoder Performance Summary

	Corr_

Seq_Length

(frames)
	Coverage Gain

at Pmiss bch = 1%

[dB]
	Processing

(Encoding +

Correlation)

[MInstructions]
	Memory [KB]
	Total decoding Time for
100/200/400 

MIPS DSP 
[msec]

	1
	7.0
	95 
	1.9
	944 / 472  / 236 

	4
	11.0 
	165
	7.5
	1652 / 826 / 413

	8
	16.5 
	260 
	15.0
	2596 / 1298 / 649

	16
	21.0 
	448
	30.0
	4482 / 2241 / 1121


The numbers for processing instructions and decoding delay in the table above assume that the RF BW configuration and PHICH configuration are unknown. If the RF BW (6 possible configurations) and PHICH (8 possible configurations) are known a priori, then the above processing instructions and decoding delays reduce by a factor of 48. For example, for a sequence length of 8, the processing instructions reduce from 260 Minst down to 260/48=5.4 Minst thus for a 100MIPS DSP the decoding delay would take 54 ms.  This would typically apply to static or low mobility devices performing system reacquisition.
3 Proposed text for TR36.888

In [5] we provide a joint text proposal to take into account the results presented in this contribution and also in [6] and in [7] that provide results on another alternative decoding technique for PBCH that shows coverage improvement gains.
4 Conclusions

The above results show that this PBCH decoding technique 

· Can yield significant coverage improvement 
· Results in no spectral efficiency loss (unlike using repetition or a new PBCH design)
· Requires no additional memory or MIPS beyond what should already be available for a low cost UE during the PBCH decoding stage 
· Has decoding time that can be improved by vendors providing more processing power 

· Requires few or no changes to the standards specifications
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6 Appendix: Processing and Memory Calculations
Number of Instructions (Correlation + Encoding)
The number of instructions required to perform correlation is given by
MInstructions = N*Lseq*(2SFN_Size)*4/1e6
where,
N = number of sequences per antenna configuration = 48 (as explained in [1])
Lseq = Sequence length (in bits) = (1920 bits/40ms)*Corr_Length(ms)

Corr_Length = Corr_Seq_Length*Correlation window(ms) = Corr_Seq_Length*10ms

SFN_Size = 8 (eight most significant bits of System Frame Number encoded in PBCH)
The number of instructions required for generating all PBCH sequences to correlate the incoming PBCH symbol stream against can be estimated as follows:

MInstructions = Npbch_frames * Instr_per_frame/1e6 
Where, 

Npbch_frames = number of PBCH frames to encode  = (2SFN_Size)*N = (28)*48 = 12288 PBCH frames

Instr_per_frame = number of instructions to encode 1 PBCH frame = 3 Instr * 1920 bits = 5760 Inst

For determining the Inst_per_Frame, we used a conservative estimate of 3 instructions per output bit.  Given there are 1920 PBCH coded bits/frame, this yields 5760 instructions per frame or a total of 5760 (inst/frame)*12288 PBCH frames = 71 Minstructions.  

The result for MInstructions (taking into account both correlation and encoding operations) as a function of the correlating sequence length (Corr_Seq_Length) are given in Table 1 above and the processing time assumes a device with the given processing power.

Memory 
For the memory calculation, it is assumed that the sequence length bits are encoded “on the fly” since pre-calculating and storing all correlating sequences would typically exceed the memory requirements for a low cost UE (typically on the order of a few hundred KB).  The memory required to perform this operation is 
Memory (KB) = bytes_per_bit* Lseq *two sequences/1024 =  2*Lseq*2/1024

which is given in Table 1 as a function of the correlating sequence length.
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