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1. Introduction

Beamforming of the PDCCH based on, for example, PMI feedback or dedicated pilots may be used to significantly improve cell edge performance and coverage.  In this contribution, we present system simulation results showing that control channel coverage can be significantly increased using beamforming techniques. Therefore, it should be considered as a potential PDCCH performance enhancement technique for LTE-A. 
2. PDCCH Beamforming for LTE-A
Currently, two main PDCCH structures under consideration for carrier aggregation in LTE-A are separate and common PDCCH.  With separate PDCCH for each component carrier, each PDCCH assigns only a single transport block (in absence of spatial multiplexing), as done in Rel-8. With common PDCCH for multiple component carriers, resource assignment for multiple component carriers is signalled in a common PDCCH.  However, both schemes retain UE-specific PDCCH structure.  Thus, beamforming can be applied regardless of which option is selected.
In general, beamforming of the PDCCH can be implemented using –

· Precoding vector pre-selected and fed back by the UE.  This mechanism may be implemented via higher-layer signalling or via PDCCH order similar to SPS activation.  However, this requires reliable feedback channel in order to achieve the desired beamforming gain and to avoid precoding vector mismatch.
· Precoding vector selected by the eNB.  In this case, UE may be required to blindly detect the eNB-selected precoding vector.  This, however, will increase the number of blind decoding substantially.  Thus, some restrictions (e.g. in precoding vector selection or CCE search space) may be needed to keep the complexity low.
· Dedicated pilots embedded in control channel elements.  To do this, a fraction of control elements are punctured to accommodate dedicated pilots in pre-defined location. Although this will increase the effective coding rate for those particular control channel elements, this performance loss could be compensated by power control and beamforming gain.
When compared to open-loop transmit diversity techniques such as cyclic shift transmit diversity, beamforming is most beneficial when four transmit antennas are available [1].  Therefore, it is recommended that control channel beamforming may be used when 4 or more TX antennas are available at the eNB.
3. Beamforming Performance Based on Precoding Feedback
In the analysis, it is assumed that the average CQI per RB and the codeword for the whole bandwidth is reported every 2ms in addition to a 1.5ms feedback delay. Frequency-domain scheduling is simulated for both SIMO and 4x2 beamforming and ideal channel estimation is assumed.  L1/L2 control channels occupy the first two OFDM symbols. Single stream beamforming is implemented using the precoding feedback from the UEs. Four transmit and 2 receive antennas are assumed.

Table 1 illustrates the beamforming gain for both for 5MHz carrier with downlink L1/L2 control channels explicitly modeled.  As shown in the table, the beamforming gain for the 5% user throughput is still maintained when the control channel is explicitly modeled. Although, compared to SIMO, fewer resource elements are available for the control channel since more sub-carriers are allotted for the reference signal, beamforming improves the control channel and data channel coverage significantly.

Table 1 – Case 3 (5 MHz carrier) results with/without L1/L2 control channel modeling

	# UEs per sector
	SIMO
	4x2 Beamforming

(no CCH modeling)
	4x2 Beamforming

(with CCH modeling)

	
	Sector t-put (Mbps)
	5%-ile user t-put (Kbps)
	Sector t-put (Mbps)
	5%-ile user t-put (Kbps)
	Sector t-put (Mbps)
	Gain

(%)
	5%-ile user t-put (Kbps)
	Gain

(%)

	10
	8.4
	196
	9.7
	267
	9.65
	15%
	266
	35%

	17
	8.6
	120
	9.78
	161
	9.75
	13%
	160
	33%

	25
	8.8
	79
	9.81
	108
	9.77
	11%
	107
	37%

	33
	8.9
	59
	9.83
	80
	9.77
	10%
	80
	38%


4. Conclusions 
In this contribution, it is shown that beamforming can be used to significantly improve the coverage of the downlink data and control channels.  The following observations may be made -
· Control channel beamforming may be used when four or more TX antennas are available at the eNB.
· Dedicated pilots are not needed to support beamforming when eNB uses pre-defined precoding vector.  If needed, however, they may be accommodated by puncturing some sub-carriers in the control channel elements.
· Beamforming improves the control channel and data channel coverage significantly.

Therefore, PDCCH beamforming should be considered as a potential PDCCH performance enhancement technique for LTE-A.
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