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1 Introduction

At the previous two RAN1 meetings (#71 in New Orleans and #72 in Malta) some contributions [1] mentioned the need for a new, more compact PBCH structure for MTC applications that would be more suitable for the extensive degree of repetition that would be needed to provide significant coverage improvement.  Although this is a valid approach, creating a new PBCH structure parallel to the legacy structure would add significant system information overhead.  This contribution describes a technique to decode PBCH that can improve coverage without the need to change the PBCH structure and includes some performance analysis.  The contribution also includes proposed text for TR36.888 suggesting that new PBCH decoding methods can be used to improve coverage for the PBCH.
2 PBCH Correlation Decoder  
Background 
PBCH is used to broadcast basic system information to UEs, namely the Master Information Block (MIB), whose content is summarized in Table 1 below.
Table 1  Content of Master Information Block transmitted on PBCH

	Parameter
	No. of bits
	Description [2]

	DL-bandwidth
	3
	DL bandwidth in resource blocks: {6, 15, 25, 50, 75, 100}

	phich-config
	3
	Used to specify the phich duration {normal, extended} and phich resource parameter Ng {1/6, 1/2, 1, 2}

	System Frame Number (SFN)
	8
	Defines the 8 most significant bits of the SFN (the last two bits are implicitly decoded from PBCH repetition structure)

	Spare bits
	10
	Spare bits (set to zero by default – see [2], section 8.4)


To the above 24 PBCH bits (14 bits + 10 spare bits), a 16-bit CRC is attached which is scrambled with one of three sequences corresponding to one, two or four antenna ports that may be used at the eNB.  This payload is then coded and rate matched into four self-decodable units of 10 ms duration each for a total of 1920 bits (in the case of normal cyclic prefix) every 40 ms.

As noted in [1], most of these parameters change very infrequently, except the SFN which is incremented by one every four radio frames (40 ms).  If we assume that all of the above parameters, with the exception of SFN, change infrequently, then the PBCH can be viewed as a finite set of long sequences of length 491,520 bits (1920 bits/msg x 2^8 SFNs) repeating every 10.24sec (40ms X 2^8 SFNs). The pseudo-static parameters within the PBCH generate the set of 144 unique sequences (8 phich-config values x 6 bandwidth values x 3 CRC types).  Given the above, the PBCH decoding problem can be viewed as finding which of the 144 sequences is sent and determining the phase of that sequence.   PBCH should be received by a UE accessing the system after PSS/SSS reception, when N_cell_id and subframe synchronization are already known. In the process of decoding PBCH, there are two unknown parameters that need to be blindly decoded. First, there are four possibilities for the location of the received PBCH signal in a 40 ms interval. Second, the number of transmit antennas (N_TX_ANT) could be 1, 2, or 4. Hence, the value of N_TX_ANT should be obtained by blindly decoding MIB with all given antenna configuration masks of the CRC. This requires that the "potential" channel estimates (whose locations are antenna-dependent) are first obtained from the received signal by assuming all antennas are present (N_TX_ANT = 4). Then, these channel estimates are used for finding the correct N_TX_ANT out of these three configurations. Thus, a total of 12 blind decodes are performed in the standard process of decoding PBCH.
PBCH Correlation Decoder Description

One simple approach to find the transmitted sequence and its phase is to correlate the received bit sequence against all possible sequences and phases and choose the sequence and phase with highest correlation as having been transmitted.  Following this idea, a simplified method for PBCH decoding using correlation principles may be implemented as follows:
Step 1: Encode all possible PBCH blocks to get the reference symbol sequences for all values of phich–config (3 bits) ,dl-bw (6 values)  and CRC type (3 types), this will yield 144 sequences with 245760 QPSK symbols each.

Step 2: Collect enough received PBCH symbols, to provide the coverage gain required. 
Step 3: The UE correlates the received symbols against the sequences derived in step 1. If the correlation of any of the above sequences exceeds a given threshold, then the SFN, dl-bw, phich-config, and CRC type associated with that sequence should be used to continue with the UE’s initial acquisition process (i.e., attempt to decode the SIBs next).

Performance
As mentioned in the previous section, a portion of the MIB data in PBCH is changing infrequently, therefore an MTC device may be able to exploit the correlation characteristics of adjacent PBCH subframes to increase its corresponding coverage. Considering all system frame numbers (SFNs), up to 1024 subframes can be put together. We refer to the 1024 concatenated subframes as a full sequence or as a template hereafter.  We order all possible 48 sequences according to their configuration number (1 ≤ n ≤ 48).  Note that there is this same number of sequences corresponding to each TX antenna configuration and that it may be possible to determine the antenna configuration even before correlation to reduce computational complexity.  Since the efficacy of this method depends highly on the cross-correlation properties of these 48 sequences, Figure 1 below shows a measure of the cross-correlation of the sequences 
[image: image2.emf]FIGURE 1. Maximum absolute cross-correlation of all 48x48 templates of length N = 1024.

In generating subsequent performance results, we focus on the case two TX antennas and first note that the PBCH correlation decoder will cross-correlate the received sequence with each of the 48 sequences and will determine the sequence with highest correlation above a given threshold as having been transmitted.  Because noise can cause erroneous decoding, the threshold is selected so that the false alarm probability (i.e., the probability that the decoder chooses an erroneous sequence only in the presence of noise) is an order of magnitude smaller than the missed PBCH probability.  
Figure 2 shows the missed PBCH probability vs. SNR for EPA3 channel conditions for sequence lengths of 64, 128, 512 and 1024 frames for the correlation decoder and for a conventional maximum likelihood decoding of PBCH over 40 ms.  The results show that the correlation decoder can offer significant performance gain for the simulation conditions agreed to for the MTC coverage improvement study.  
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Figure 2  PBCH correlation decoder performance (Pmiss_pbch vs. SNR) for 2x2 antenna configuration, EPA3 channel, perfect channel estimation, no freq. offset, BW = 1.4 MHz and fc = 2.0 GHz
The necessary correlation operations may be implemented in a variety of ways to make computation efficient.  As an example, we estimate that it requires 940ms of computational time, using 200 MIPS, for a sequence length of 8 frames (80ms).  This computational time can obviously be reduced linearly by increasing MIPS or decreasing the sequence length.  The 940ms does not include the symbol acquisition time of 80ms.  .
3 Proposed text for TR36.888

The following text proposal is based on the text proposal structure for TR 36.888 agreed upon after the RAN#72 meeting in Malta [3].
<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
9.4.1 TTI bundling/ HARQ retransmission/ Repetition/ Code spreading/ RLC segmentation/ Low rate coding/ Low modulation order/New Decoding Techniques
More energy can be accumulated to improve coverage by prolonging transmission time. The existing TTI bundling and HARQ retransmission in data channel can be helpful. Note that since the current maximum number of UL HARQ retransmission is 28 and TTI bundling is up to 4 consecutive subframes, TTI bundling with larger TTI bundle size (such as extensively investigated in TR36.824) may be considered and the maximum number of HARQ retransmissions may be extended to achieve better performance. Other than TTI bundling and HARQ retransmission, repetition can be applied by repeating the same or different RV multiple times. In addition, code spreading in the time domain can also be considered to improve coverage. MTC traffic packets could be RLC segmented into smaller packets; very low rate coding, lower modulation order (BPSK) and shorter length CRC may also be used.  New decoding techniques (e.g. correlation) beyond Maximum Likelihood and Turbo decoding can be used to improve coverage by taking into account the characteristics of the particular channels (i.e., channel periodicity, rate of parameter changes, channel structure, etc.) and the relaxed performance requirements (e.g. delay tolerance).
Table X: Possible link-level solutions for coverage enhancement for physical channels and signals
	Channels/Signals
Solutions 
	PSS/SSS
	PBCH
	PRACH
	(E)PDCCH
	PDSCH/

PUSCH
	PUCCH
	Reference Signals

	PSD boosting
	x
	x
	x
	x
	x
	x
	x

	Relaxed requirement
	x
	
	x
	
	
	
	

	Design new channels/signals
	x
	x
	x
	x
	x
	
	x

	Repetitions/TTI bundling
	
	x
	x
	x
	x
	x
	

	Low rate coding
	
	x
	
	x
	x
	x
	

	Retransmission
	
	
	
	x
	x
	
	

	Spreading
	
	x
	
	x
	x
	x
	

	RLC segmentation
	
	
	
	
	x
	
	

	New decoding techniques
	
	x
	
	
	
	
	


>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

4 Conclusions
We have shown that a correlation method of decoding PBCH that takes advantage of the existing correlation between a finite number of sequences that the MIB can represent, further enhanced by the fact that some parameters within the MIB change infrequently, can yield significant coverage improvement gain for the conditions established for the MTC coverage improvement study.  Given these encouraging results, we have also proposed text that highlights that alternative decoding techniques that take advantage of the particular channel structure and of MTC applications (e.g., its delay tolerance that allows relative long sequence lengths to be considered) should be considered as part of the study.
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