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1
Introduction
In this contribution we present results showing the benefits of power density boosting for PBCH.

The coverage of PBCH can be improved by increasing its transmitted power spectral density. This is achieved by the eNodeB scheduler unloading some RBs in a given sub-frame in which PBCH is sent, and concentrating the released power into PBCH resources. This is illustrated in Figure 1, where PDSCH RBs are unloaded to boost the power spectral density of the PBCH. Unloading 6 RBs used by the PDSCH will permit PBCH to be boosted by 3 dB; and if all the PDSCH RBs are unloaded a maximum boost of ~9 dB is possible for a 10 MHz system bandwidth.
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Figure 1 - Illustration of PBCH power boosting

The analysis presented in this paper is based on two sets of PBCH decoder performance simulations, the first using CRS at the normal power level and the second simulation based on a new set of reference symbols that are power boosted together with the PBCH.
The performances of the two methods are then compared to the normal PBCH decoder performance without power boosting and using only the CRS in the six RBs at the center of the LTE carrier. Figure 2 shows a possible mapping of the Power Boosted RS (PB-RS).
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Figure 2 – Resource grid showing the position of the PB-RS in the 6 PRBs at the center of the LTE carrier (CRS shown for 2-port transmit diversity)
2
Comparison of power boosting gains for PBCH
Table 1 shows the resulting gains from power boosting PBCH versus a non-power boosted PBCH. Both these results used the RS in the central six RBs to calculate the channel estimate. However the first set of results is based on CRS without any power boost; whereas the second set of results uses PB-RS boosted by the same factor as PBCH. The positions of the PB-RS are as shown in Figure 2.
	
	Gain in PBCH decoder performance

	PBCH power boost 
	0 dB
	3 dB
	6 dB
	9 dB

	CRS 
	0 dB
	+1.7 dB
	+3.0 dB
	+4.5 dB

	PB-RS
	-2.3 dB
	+0.7 dB
	+3.7 dB
	+6.7 dB


Table 1 - PBCH decoder performance gains for non-boosted CRS, and PB-RS 
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Figure 3 – PBCH BLER improvements using CRS & PB-RS with 9 dB power boost.
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Figure 4 -  ‘+6 dB’ power boost
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Figure 5 -  ‘+3 dB’ power boost
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Figure 6 – ‘0 dB’ power boost

Observation 1: For a large power boost of the PBCH the reference signal also has to be power boosted to obtain the full benefits of increasing the transmitted power spectral density of the PBCH.
Observation 2: Given a small PBCH power boost, the decoder performance is better using the non-power boosted CRS symbols, compared to the new power boosted RS. This suggests that the density of the PB-RS pattern will need to be increased to achieve the full gains possible with increasing the power spectral density of the PBCH.
Observation 3: We see a 6.7 dB gain in decoder performance when channel estimation is based on PB-RS with a 9 dB boost.
3
Discussion
Table 2 shows the Maximum Coupling Loss (MCL) for each physical channel, as calculated in table 5.2.1.2-3 of TR 36.888. The target 20 dB coverage improvement needed for MTC UEs requires an MCL of 160.7 dB. At present, PBCH needs an 11.7 dB improvement to meet the MCL target of 160.7 dB. Power boosting the PBCH and using PB-RS for channel estimation gets us within 5 dB of the MCL target. If the PB-RS symbols proposed for use in demodulating MTC-PDCCH (see figure 3 in our other contribution [1]) are combined with those defined in Figure 2 of this document, the higher density of the PB-RS may allow all 9 dB of the power density boost to be obtained at the PBCH decoder.
	Physical channel names
	PUCCH
	PRACH
	PUSCH
	PDSCH
	PBCH
	PSS/SSS
	PDCCH

	MCL
(values from TR 36.888 - table 5.2.1.2-3)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	MCL gain required to achieve a ‘20 dB’ improvement in coverage
	13.5
	19.0
	20.0
	15.3
	11.7
	11.4
	14.6


Table 2 - MCL improvements required to achieve a 20 dB coverage improvement relative to a normal LTE network.

Using non-power boosted CRS gives up to 4.5 dB of coverage gain with minimal impact on existing LTE equipment. The power boost is achieved by the eNodeB scheduler and hence benefits both MTC UEs and legacy LTE UEs. In this way power boosting improves the existing LTE coverage at the same time as MTC coverage.
4
Conclusions
· Power boosting the PBCH can improve MTC coverage by up to 6.7 dB in a 10 MHz carrier. This is lower than the maximum performance gain of 9 dB due to the lower density of the proposed PB-RS used in the simulation compared with the density of legacy CRS.

· PBCH coverage for legacy LTE UEs (using only CRS) will also be improved by up to 4.5 dB; power density boosting is the only method likely to benefit both legacy LTE UEs and MTC UEs, without significant specification changes. 
· The 6.7 dB coverage improvements shown in these simulation results are within 5 dB of achieving the MCL target of 160.7 dB. By increasing the density of PB-RS, we expect it should be possible to get within 2.7 dB of the PBCH MCL target.
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