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1
Introduction
In contributions [1] – [3] we have analyzed a series of proposals for extending the coverage of PBCH, PDSCH and PDCCH for low-cost MTC UEs by power-density boosting the respective channels. Here, we offer a text proposal for the relevant sections of TR 36.888.
2
Text Proposal for TR 36.888
~ ~ ~ BEGIN TEXT PROPOSAL ~ ~ ~

9.5
Analysis of Physical Channels and Signals
……

9.5.2
PBCH
9.5.2.X
PBCH power-density boosting
Power density boosting can be implemented by transferring power from lightly loaded PDSCH resources, to resources used by coverage limited MTC UEs. As illustrated in Figure X, 2x3 RBs have been unloaded and the power they could have contained is assigned additionally to the central 6 RBs allocated to coverage-limited MTC UEs, resulting in a 3dB power boost.
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Figure X: PBCH power-boosting by unloading some RBs.

In general, for a channel allocated M RBs, and a number of unloaded RBs of N, the maximum power boost B that could be provided to the boosted channel is:
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According to (1), in a 10 MHz (50 RBs) system bandwidth, the PBCH power boost achieved can be up to 9 dB, while in 20 MHz (100 RBs) the power boost achieved can be up to 12 dB. Up to 4.5 dB of this potential gain be obtained with channel estimation using existing CRS. But it is undesirable to boost the CRS together with PBCH due to legacy UEs’ expectations, power efficiency, etc. and so the coverage extension is eventually limited by the quality of CRS-based channel estimation. Therefore, a reference signal which can be power boosted without disrupting legacy UEs can be introduced, and with suitable such RS enhancements, additional coverage extension can be achieved.
……
9.5.4 
(E)PDCCH
9.5.4.X
PDCCH power-density boosting

Power density boosting can be an effective means to extend the coverage of a cell, as shown for PBCH in Section 9.5.2.X and PDSCH in Section 9.5.5.X. It is not possible to directly apply the same principle to PDCCH since it is always across the entire system bandwidth.

Instead, allocating an additional PDCCH in a narrow bandwidth within the PDSCH region can offer cost reduction benefits, as well as coverage extension. Such designs were identified in earlier stages of the MTC Study Item, illustrated in Figure X(a). Given the low level of non-MTC traffic in the cell at the times coverage extension is enabled, the width of the legacy control region, i.e. the CFI, can be fixed and an additional, narrow bandwidth, MTC PDCCH is transmitted in the OFDM symbols immediately following it. Since this MTC PDCCH is in the PDSCH region, the same power-density boosting principles as used for PDSCH and PBCH can be deployed to extend coverage, as illustrated in 
Figure X(b). Legacy UEs are unaffected, since they will simply decode PCFICH as usual and find the same value in each subframe.
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Figure X(a): Location of narrowband MTC PDCCH within a subframe. 


	[image: image4.emf]PDCCH

MTC PDSCH, etc.

MTC 

PDCCH

PDSCH

PDSCH

PDSCH

CRS not 

boosted and 

not unloaded


Figure X(b): Unloading of PDSCH to allow power-density boosting of MTC PDCCH. CRS are not altered.



As discussed in Section 9.5.X, a theoretical gain of up to 9 dB can be expected from this approach in a 10 MHz system. Up to 5 dB of this gain be obtained with channel estimation using existing CRS, and this can be improved with suitable RS enhancements.

9.5.5
PDSCH/PUSCH
9.5.5.X
PDSCH Power-density Boosting
Coverage extension by power-density boosting for PDSCH could be provided in the same way as described for PBCH in Section 9.5.2.X, by concentrating power away from lightly-used PDSCH resources into the coverage-limited MTC PDSCH resources. Similarly to PBCH, up to 5 dB of the maximum 9 dB gain in a 10 MHz bandwidth can be obtained by relying on CRS-only channel estimation, and the rest can be obtained by boosting the power density of DM-RS.
……
~ ~ ~ END TEXT PROPOSAL ~ ~ ~
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