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1. Introduction
The Coverage of the downlink and uplink E-UTRA channels is given.  It is shown that the coverage of the system is limited by the PDCCH with +3dB boost which corresponds to an effective coding rate of 1/24 for the 48-bit PDCCH (8 CCEs) and the 36-bit PDCCH (6 CCEs) 
2. Downlink E-UTRA Coverage
Figure 1 below shows 98%-ile coverage (lognormal margin of 12.1dB is used given 8dB standard deviation) for deployment Case 1 and Case 3 assuming total power of 20 Watts for a 2x2 configuration (SFBC and UE Rx diversity).  All control channels should be able to match but do not need to exceed P-BCH coverage.  GSM TU 3km/h channel is assumed.
The 36-bit and 48-bit PDCCH for transporting scheduling grants (and other grant types) require a power boost for full Case 3 coverage while the 24-bit PDCCH format (possibly for Paging, RACH, D-BCH grants) does not.  The 48-bit PDCCH is only for downlink scheduling grants.  Coverage is extended by power boosting via puncturing (e.g. a CCE) or borrowing between PHICH, PDCCH, and PCFHICH.  A total of 12 REs can support 8 PHICH where 6 dB boosting of a PHICH for full Case 3 coverage can be obtained by puncturing a single CCE or by borrowing power from other PHICH and PDCCH.
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Figure 1 – Selected Downlink Physical Channel Coverage for 5 MHz Carrier – Case 1 & 3

Table 1 – Downlink CCH Required Es/No for Target Error Rate - 5 MHz LTE Carrier
	DL Control Channel
	Required Es/No for Target ER
	Reference

	PCFICH
	Es/No=-2dB for 0.1% BER
	R1-072692

	P-BCH
	Es/No=-8.3dB for 1% FER
	R1-072665

	PHICH (12 REs per 8 PHICH)
	Es/No=-2.8dB for 0.1% BER
	R1-072689

	PDCCH (8CCEs)
	Es/No=-4.0dB (48-bit) @ 1%FER
Es/No=-5.3dB (36-bit)

Es/No=-7.3dB (24-bit)
	R1-072690
R1-073374 (46-bits)



	PCH Message
	Es/No=-8.3dB for 1% FER
	Same as PDSCH
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3. Uplink E-UTRA Coverage
Uplink coverage is extended via repeating transmissions were possible.  Good ACK/NACK and CQI/PMI coverage is achieved due to the FDM PUCCH structure and can be extended as needed by repeats.  Full uplink VoIP coverage is very challenging for a Case 3 like deployments requiring significant packet segmentation and/or allocating multiple HARQ processes per packet.
4. Conclusions
This contribution shows that Case 3 downlink control channel coverage can be achieved via power boosting using puncturing or borrowing from other PHICH and PDCCH. 
The coverage of other downlink and uplink control channels should be able to match but do not need to exceed P-BCH coverage. 

PHICH coverage is very good and can be extended as needed for full Case 3 coverage by power boosting through puncturing a single CCE or by borrowing power from the other PHICHs or PDCCHs.

Full deployment Case 3 VoIP uplink coverage is quite challenging and requires significant packet segmentation and/or assignment of multiple HARQ processes per packet.
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Table 2 – Uplink CCH Required Es/No for Target Error Rate - 5 MHz LTE Carrier

	DL Control Channel
	Required Es/No for Target ER
	Reference

	ACK/NACK-PUCCH
	Es/No=-4.1dB for 0.1% BER
	R1-071347

	CQI - PUCCH


	Es/No=-10 dB (1-bit) for 1% FER

Es/No=-7 dB (5-bit) for 1% FER

Es/No=-4 dB (10-bit) for 1% FER
	R1-070778

	RACH
	Es/No=-11.5dB for 1% PER
	R1-072174

















Repeat transmission(s) used to improve coverage (green bars) for A/N, CQI-5bits, & RACH








320-bit payload, 4-segments
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