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1 Introduction

LTE-Advanced UEs will be equipped with multiple transmit antennas to enable SU-MIMO operation to meet the spectral efficiency target[1]. Given the availability of multiple transmit antennas at the UE, it is important to consider possible open-loop transmit diversity schemes for both the data (PUSCH) and control channels (PUCCH) in the uplink. 
In this contribution, we provide our views on transmit diversity schemes for PUCCH with simulation results.
2 Transmit Diversity Schemes for PUCCH
To maintain the coverage of PUCCH, only transmit diversity schemes that can preserve the single carrier property at each transmit antenna will be considered in this contribution.
2.1 Cyclic Delay Diversity (CDD)

CDD yields an effective channel with longer delay spread by combining the channel from one transmit antenna and the delayed channel from the others. In order to achieve good diversity performance, large delay CDD is more preferred than small delay CDD. Since PUCCH is CDMA based, the received signals from different UE simultaneously accessing to the channel should be as orthogonal to each other as possible. However, channel fluctuation resulting from CDD will destruct the multi-user orthogonality. Hence, multi-user interference precludes CDD from consideration for PUCCH.
2.2 Space Code Transmit Diversity (SCTD) 
By SCTD, LTE-A UE can transmit the same control information from different transmit antennas by using different orthogonal code resources including cyclic and orthogonal covers. Since each transmit antenna requires an orthogonal resource for sending modulated data symbols and pilots, the number of UEs that can be multiplexed in one PUCCH RB will be proportionally reduced. For ACK/NACK feedback (Format 1a/1b), the orthogonal codes allocated to UE is implicitly obtained from the CCE index in the PDCCH. If a UE is scheduled using K>1 CCEs in its corresponding PDCCH, then there are K>1 orthogonal codes reserved to this UE. For CQI feedback channel, the multiplexing capacity of LTE-A with two antenna UEs will reduce to one half of that in LTE which may be unacceptable. 
2.3 Precoding Vector Switching (PVS) 
In PVS, the data and RS to be transmitted over two antennas are precoded and the precoding vector is switched according to the specified pattern. If OFDM symbol level switching is adopted, the maximum diversity gain can be achieved but for format 1a/1b, the orthogonality among codes can be destructed.  Slot level switching may result in limited or little diversity gain. But PVS uses only one orthogonal sequence and make full use of the PAs in UE. 
3 Simulation results

In this section, some simulation results are presented to compare the performance of different candidate schemes for PUCCH with multiple transmit antennas. The simulation assumptions are given in table 1. Figure 1 depicts the averaged 2bit ACK/NACK BER performances. One PRB is selected for simulation. For PVS, the precoding vectors are cyclically selected from Table 6.3.4.2.3-1 in [2].
From the simulation results, we observe that

· Performance of PVS is similar with SIMO which indicate that we could obtain same coverage as LTE with PVS.

· SCTD outperforms PVS but the difference decreases with increasing number of multiplexed UE, resulting in about 1dB SNR loss in the case of full load. SCTD require two orthogonal codes so the multiplexing capacity, at least for CQI, is reduced by half. 
Table 1 Simulation assumptions for PUCCH
	Parameters
	Assumptions

	Carrier frequency
	2GHz

	System BW
	10MHz

	Sampling frequency
	15.36MHz

	CP configuration
	Normal CP

	Channel model
	2x2 uncorrelated ETU Channel, 3km/h

	Number of cells
	1

	ACK/NACK bits
	2bit (QPSK) – format 1b

	CS hopping/OC remapping/slot-level hopping
	ON

	ACK/NACK scrambling
	ON

	Number of PRBs for PUCCH
	1
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Figure 1 Averaged ACK/NACK BER for PUCCH format 1b
4 Conclusion

The results on PUCCH transmit diversity schemes in LTE-A are concluded as follows:

· The coverage of the LTE-A cell should be same as that of the LTE cell to keep the backward compatibility and the simulation results showed that PVS can achieve this. 
· SCTD has lower BER than PVS when used for ACK/NACK (format 1a/1b)

· Multiplexing capacity is an important issue for LTE-A PUCCH. The effect of using SCTD on multiplexing capacity should be further considered, especially for CQI (format 2/2a/2b).
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