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1 Introduction
In RAN1 #72b, the following were agreed for MTC PBCH coverage improvement [1]:
1. The coverage requirement for PBCH may be met with a combination of repetition of the current PBCH in each subframe and PSD boosting (e.g., 4dB) within 40ms (for FDD systems)

· Repetition alone cannot meet the coverage requirement for the current PBCH

2. The coverage requirement for PBCH may alternatively be met with a new PBCH design (for TDD and FDD systems) 

· A new design can consider: a longer period, reduced MIB content, intermittent transmission. Repetitions and/or PSD boosting will be helpful for new design to meet the requirement

· Also other system information that needs to be broadcasted to enhanced coverage MTC UEs beside MIB contents can be considered in the new PBCH design

· Other low rate coding schemes or spreading can be considered for new design

3. Further study could determine if there is a benefit of

· Using implementation-based solution such as new decoding techniques.
In this contribution, we investigate some possible decoding techniques for MTC PBCH coverage improvement.

2 Decoding Techniques of PBCH
2.1 MIB content

The MIB consists of a limited number of most essential parameter for initial access. The content of MIB block is summarized in the table 1 below.
Table 1: MIB Content Transmitted in PBCH
	MIB Content
	No. of bits
	Frequency of Change

	DL-bandwidth
	3
	Infrequently

	phich-config
	3
	Infrequently

	System Frame Number (SFN)
	8
	Change every 40 ms

	Spare bits
	10
	set to zero by the current RRC spec (see section 8.4 of [2])


Unlike other channels, some MIB content may be known prior to PBCH decoding. For example, the 10 spare bits of the 24 PBCH bits are set to zero per current RRC spec [2]. Besides, since the DL-bandwidth and phich-config seldom change due to limited mobility for low-cost MTC user. Some proposals such as hardcoding those seldom changed MIB content were also considered during discussion.
Observation #1: Some MIB content may be known prior to PBCH decoding.
2.2 Modulation and Coding of PBCH and Legacy PBCH Decoding
Same MIB is transmitted in PBCH every 40ms thus limit the possibility to combing more PBCH symbols. Low code rate, time diversity, and antenna diversity are exploited for better protection of the broadcast of MIB. To summarize, the channel coding and modulation of PBCH is shown in Fig. 1 below
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Figure 1: The Channel Coding and Modulation of PBCH
In the receiver part, UE could blindly detect the number antenna ports (and the possible corresponding SFBC with/without FSTD) and combine up to 4 consecutive PBCH transmissions in 40ms. The legacy PBCH decoding procedure is shown in Fig. 2
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Figure 2: PBCH Decoding Procedure in the Legacy User
2.3 Reduced Search Space Decoding of PBCH
We investigate the PBCH performance gain by only reducing the search space of MIB content. Various decoding techniques of can be applied to limit the search space to the unknown part of the MIB content. In this contribution, we show the performance gain achieved by maximum-likelihood (ML) decoding as shown in Fig. 3.


[image: image3.emf]Disassemble 

symbols

De-

Precoding

De-

Layer 

mapping

De-

modulation

De-

scrambling

De-Rate 

Matching

ML Decoder

Est.

MIB

Information


Figure 3: Maximum-Likelihood PBCH Decoding Procedure
Assuming only U bits are unknown among 24 MIB information bits, there are only 2U possible codewords after channel encoding. Those 2U possible codewords can be generated in the receiver by passing 2U possible MIB information (after setting 24-U bits to known value) through CRC encoder and channel encoder.

The Maximum-Likelihood (ML) decoding can be performed by comparing the distance between the received soft-valued vector with 2U possible codewords. In Fig. 4, we investigate the performance between the legacy receiver and the ML decoder with different number of unknown bit U.
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Figure 4: Performance Comparison between Legacy PBCH receivers and Reduced Search Space ML Receivers under perfect channel estimation
As observed from Fig. 4, the performance gain achieved by reduced search space receiver is obvious. For example, for U=14 (assuming 10 spare bits are known) about 4 dB performance gain can be observed; and for U=8 (assuming only SFN is unknown) about 7 dB gain is achieved. However, even under the ideal assumption of perfect channel estimation, no frequency error and maximum-likelihood decoding, the performance gain could not meet the coverage requirement 11.7 dB for PBCH. However, it can be considered as one potential technique to cooperate with other coverage enhancement techniques.
After applying realistic channel estimation, significant performance gain is still observed. For example, around 6 dB gain is observed by comparing U=8 for the legacy PBCH decoding.
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Figure 5: Performance Comparison between Legacy PBCH receivers and Reduced Search Space ML Receivers under realistic channel estimation
Observation #2: Decoding techniques by reducing the search space to the unknown part of MIB content provide performance gain without standard impact.

Observation #3: The performance gain could not meet the coverage requirement 11.7 dB for PBCH. However, it can be considered as one potential technique to cooperate with other coverage enhancement techniques.
3 Conclusion
In this contribution, we investigate ML decoding technique for MIB detection in low-cost MTC devices. The following observations are concluded:

Observation #1: Some MIB content may be known prior to PBCH decoding.
Observation #2: Decoding techniques by reducing the search space to the unknown part of MIB content provide performance gain without standard impact.
Observation #3: The performance gain could not meet the coverage requirement 11.7 dB for PBCH. However, it can be considered as one potential technique to cooperate with other coverage enhancement techniques.
References

[1] R1-131770, “Summary of Low-cost MTC LTE UE Session,” Ad-hoc chairman (NTT DOCOMO), RAN1#72b, Chicago, USA, April 15-19, 2013.

[2] TS 36.331 (RRC Specification) v10.4.0, p. 117
Annex

Table A.1: Simulation Assumption

	Parameter
	Value

	System Bandwidth
	1.4 MHz

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x2, low correlation for FDD

	Channel model
	EPA

	Modulation Mode
	QPSK

	Channel Estimation
	Perfect channel estimation and Realistic one subframe channel estimation

	Performance target
	1% miss probability
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