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1. Introduction

During RAN #57 meeting, RP-121441 “Updated SID on: Provision of low-cost MTC UEs based on LTE” was approved.  The coverage enhancement target was determined as “A 20dB improvement in coverage in comparison to defined LTE cell coverage footprint engineered for “normal LTE UEs” should be targeted for low-cost MTC UEs, using very low rate traffic with relaxed latency”.  

As referred to MCL table 9.2.1-1 in [1], if the coverage improvement target equals to 20dB, coverage improvement gap for PBCH is around 11.7dB for FDD and 17.7dB for TDD.

During last RAN1 meeting, the observations have been achieved as below:
· Further analysis/evaluation is needed until the next meeting for PBCH by focusing on

· Repetition/Low rate coding/Spreading

· Note that repetition only can happen during 40 msec period assuming existing MIB

· Design new PBCH and/or new contents for some or all system information

· PSD boosting

In this contribution, we analyze/evaluate the potential coverage improvement solutions for physical broadcast channel for low cost MTC UEs. 
2. Coverage Improvement Analysis of Physical Broadcast Channel 
MIB is transmitted four times on PBCH every 40ms TTI. MIB contains 8bit SFN information, 3 bit downlink system bandwidth information and 3bit PHICH configuration information. Since SFN information contained in MIB will change every 40ms, some simple implementation related solution such as energy combining can only be applied directly to PBCH within 40ms TTI. 
Repetition, designing new PBCH (M-PBCH) and PSD boosting are possible PBCH coverage enhancement solutions. Repetition and PSD boosting can improve the coverage of PBCH but both repetition and PSD boosting will bring very serious impacts to the normal UEs. For the low cost MTC UEs with bandwidth reduction option DL-1 and DL-2, downlink system bandwidth and PHICH configuration information carried on PBCH might not be necessary and SFN information would be the only required field. To design new MTC broadcast channel (M-PBCH) for the MTC UEs is suggested to improve the coverage performance of MIB transmission. 
2.1 Repetition
Repetition is the most direct solution to improve the coverage of PBCH. The legacy PBCH occupies 4 OFDM symbols over 72 sub-carriers. Repetition will require additional separate resources from the legacy PBCH resources. 

Based on simulation assumption defined in Table A.1, simulation result of PBCH repetition (repetition within 40ms period assuming existing MIB) with 100Hz frequency error or without Frequency error is shown in Figure 1 and Figure 2. The simulation result in Figure1 shows frequency error has slight impact on the PBCH simulation with realistic one subframe channel estimation. 
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Figure 1 PBCH repetition simulation with 0 or 100Hz frequency error
Figure 2 shows the PBCH performance with different repetition times.  Compared to legacy PBCH, 20 times legacy PBCH repetition (i.e., 80 times PBCH transmission within 40ms period) will bring about 11.7dB coverage improvement gain which can achieve the coverage improvement gap for FDD.  However, 80 times PBCH transmission within 40ms period will occupy majority of resources if the system bandwidth is small (e.g., if bandwidth is 1.4MHz, 80 times PBCH transmission within 40ms period will occupy 57% resources for FDD ), resource allocation for normal UEs will be seriously impacted. Considering the coverage improvement gap is about 17.7dB for TDD and DL resources for PBCH repetition is less than that of FDD, time domain repetition of legacy PBCH is hard to meet the coverage improvement requirement for TDD.
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Figure 2 PBCH performances with different repetition times

Observation 1: Frequency error has slight impact on the PBCH simulation with realistic single frame channel estimation. 
Observation 2:  If time domain repetition of legacy PBCH within 40ms period alone is used to achieve the coverage improvement gap of PBCH, resource allocation for normal UEs will be seriously impacted. In order to reduce the impacts to normal UEs, it is suggested to study combination of this method with other potential coverage improvement solutions. 
2.3 Design new PBCH (M-PBCH)
As discussed in section 2.2, time domain repetition of legacy PBCH will occupy a large portion of resources thus bring serious impact to resource allocation of normal UEs. In order to reduce the resources occupied by time domain repetition, it is worthwhile to consider reduction of MIB information and the corresponding CRC bits which may be transmitted on a new MTC physical broadcast channel (M-PBCH) for the MTC UEs. For the low cost MTC UEs with bandwidth reduction option DL-1 and DL-2, downlink system bandwidth and PHICH configuration information might not be necessary and SFN information would be the only required field.  CRC bits may be reduced , for example to 8 bits.

Performances of M-PBCH carrying SFN and 8 bits CRC with different repetition times are shown in Figure 3. The coverage improvement gain from 40 times repetition is close to 11.7dB which can meet the coverage improvement gap for FDD. Compared to repetitions of legacy PBCH, in order to achieve the coverage gap for FDD, the resources occupied by repetitions of M-PBCH carrying SFN and 8 bits CRC has been reduced but the resources occupation ratio of repetitions of M-PBCH is also very high for small bandwidth system.  
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Figure 3 M-PBCH performances with different repetition times

Considering the coverage gap for TDD is about 17.7dB and the DL resources is very limited for some configurations, in order to reduce the impacts to normal UEs, M-PBCH design with much less resources occupation  needs further study. 

Observation 3: Time domain repetition of M-PBCH is an important way to improve the coverage of MTC physical broadcast channel. In order to reduce the impacts to normal UEs, M-PBCH design with much less resources occupation needs further study. 
2.4 PSD boosting

PSD boosting is considered as a supplementary way to improve the coverage of MTC PBCH during quite time. If the 11.7dB coverage improvement gap would be achieved by PSD boosting only, the Tx power density needs to be increased by up to 15 times and all Tx power needs to concentrate to center 6 PRB. The impact to the normal UEs and the interference problem will be very serious. 
Observation 4: PSD boosting is considered as a supplementary way to improve the coverage of MTC PBCH during quite time.
3. Conclusions
In this contribution, we have analyzed the potential coverage improvement solutions for physical broadcast channel for low cost MTC UEs. We propose to adopt the text proposal in section 4 into TR 36.888.
4. Text proposal

---------------------------------------------------- Start of Text proposal---------------------------------------------------------

9.5.2 PBCH
Repetition, designing new PBCH (M-PBCH) and PSD boosting are possible PBCH coverage enhancement solutions. 
Repetition may be the most direct solution to improve the coverage of PBCH. Compared to legacy PBCH, 20 times legacy PBCH repetition will bring about 11.7dB coverage improvement gain which can achieve the coverage improvement gap for FDD.  However, 20 times legacy PBCH repetition will occupy majority of resources if the system bandwidth is small. 
In order to reduce the resources occupied by time domain repetition, it is worthwhile to study reduction of MIB information and the corresponding CRC bits which may be transmitted on a new MTC physical broadcast channel (M-PBCH) for the MTC UEs. For the low cost MTC UEs with bandwidth reduction option DL-1 and DL-2, downlink system bandwidth and PHICH configuration information might not be necessary and SFN information would be the only required field.  CRC bits may be reduced to 8 bits or be removed. Considering  the coverage gap for TDD is about 17.7dB and the DL resources is very limited for some configurations, in order to reduce the impacts to normal UEs, M-PBCH design with much less resources occupation needs further study. 

PSD boosting is considered as a supplementary way to improve the coverage of MTC PBCH during quite time. If the 11.7dB coverage improvement gap would be achieved by PSD boosting only, the Tx power density needs to be increased by up to 15 times and all Tx power needs to concentrate to center 6 PRB. The impact to the normal UEs and the interference problem will be very serious.
---------------------------------------------------- End of Text proposal---------------------------------------------------------
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Annex

A.1 Simulation assumption

Table A.1

	Parameter
	Value

	System Bandwidth
	1.4 MHz

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x2, low correlation for FDD

	Channel model
	EPA

	Doppler shift
	1Hz

	Frequency error
	0 or 100Hz

	Modulation Mode
	QPSK

	Channel Estimation
	Realistic one subframe channel estimation

	Performance target
	1% miss probability



































