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1. Introduction
At RAN1#72bis, it was agreed that Section 9.5 TPs for TR 36.888 addressing the common channels (PBCH, PRACH) should include text on any observable diminishing returns for a technique [1]. This contribution analyses our previous results on PBCH coverage extension with PSD boosting in those terms, and includes a brief TP for Section 9.5.2 of TR 36.888.
2.
Discussion
2.1
PSD boosting principle
The coverage of PBCH can be improved by increasing its transmitted power spectral density (PSD) [2]. This is achieved by the eNodeB scheduler unloading some RBs in a given subframe 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 PSD of PBCH. Unloading 6 RBs used by PDSCH will permit PBCH to be boosted by 3 dB; and if all the PDSCH RBs are unloaded a maximum PSD boost of ~9 dB is possible for a 10 MHz system bandwidth. In 20 MHz, up to ~12 dB PSD boost is available.
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Figure 1: Illustration of PBCH power boosting (in a subframe containing PBCH).
2.2
Diminishing returns analysis

In this section, we summarize the results from our earlier Tdocs in terms of any diminishing returns that are present on the ‘common’ channels. Following the agreement at RAN1#72bis, this analysis is relevant to PBCH in the downlink.
Firstly, the BLER results in Figure 2 show that there is no consistently diminishing return in the transfer of a given PSD boost to coverage extension: an incremental 3 dB PSD boost with channel estimation based on unboosted CRS gives an incremental 1.4 – 1.9 dB coverage extension at 
1% BLER. However, since the PSD boost is in decibels, the quantity of RBs which needs to be unloaded, – the ‘pain’ traded the gain – increases exponentially, as shown in Table 1. The same therefore applies to the additional RBs which need to be unloaded for each 3 dB step. Note that the actual loss in cell throughput may be minimal in a lightly-loaded scenario such as that being considered in the study item.
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Figure 2: PBCH coverage extension using PSD boosting in a 10 MHz system bandwidth.
	
	PBCH coverage extension

	PBCH PSD boost 
	0 dB
	3 dB
	6 dB
	9 dB

	Coverage extension
	0
	+1.9 dB
	+3.3 dB
	+4.7 dB

	RBs unloaded
	0
	6
	18
	42

	Incremental RB cost
	
	+6 RBs
	+12 RBs
	+24 RBs
	


Table 1: Resource cost vs. coverage extension by PSD boosting on PBCH.
Observation: For each incremental 3 dB PSD boost, the resource cost of PSD boosting doubles, but the additional coverage extension remains at 1.4 – 1.9 dB.
The gap between the PSD boost level and the coverage extension is due to using a channel estimator based only on CRS which, in this example, are not boosted. This is principally to avoid wasting power on CRS in RBs which are unloaded, and to avoid misleading legacy UEs as to CRS-based demodulation of PDSCH using QAM-based MCSs. An additional 1 – 2 dB coverage extension can be obtained by using an additional power-boosted UE-specific reference signal [2], which does not affect channel estimation or demodulation at UEs for which it is not configured.
3. 
Conclusions
This contribution considered the diminishing returns of implementing PSD boosting coverage extension for PBCH by unloading some lightly-used RBs. A text proposal for Section 9.5.2 of the current version of TR 36.888 is included below.
~ ~ ~ BEGIN TEXT PROPOSAL ~ ~ ~
9.5.2
PBCH
9.5.2.1 Coverage enhancement
… …
With PSD boosting, a diminishing return can exist in that for each incremental 3 dB PSD boost, the resource cost of PSD boosting doubles, but the additional coverage extension is 1.4 – 1.9 dB. For example, going from 3 dB to 6 dB and from 6 dB to 9 dB PSD boost requires an additional 12 and an additional 24 unloaded RBs respectively, but each step gives 1.4 dB coverage extension.
… …
~ ~ ~ END TEXT PROPOSAL ~ ~ ~
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