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1 Introduction
In LTE-Advanced, it is expected that some UEs have multiple transmit antennas and PAs to increase peak data rate (up to 500 Mbps) by utilizing SDM in uplink. To attain this peak data rate, MIMO configuration up to 4x4 for UL has been assumed [1]. 
Due to the availability of multiple transmit antennas at UE, it is necessary to study open-loop transmit diversity schemes for both data (PUSCH) and control channels (PUCCH) in the uplink. In LTE-Advanced, the main challenge in designing a TxD scheme for uplink is how to inherit the single carrier characteristic so that the PAPR is kept as low as possible. There have been lots of proposals and discussions on the potential TxD schemes for PUSCH. But for PUCCH, the studies are just at the beginning stage. 
Some discussions on the potential 2 Tx PUCCH TxD schemes can be found in [2]-[5] in which 4 Tx PUCCH TxD schemes are still untouched. In this contribution, we will firstly analyze the candidate PUCCH TxD schemes for 2 Tx briefly and then present our preference. Then several candidate PUCCH TxD schemes for 4 Tx are provided based on the conclusion of 2 Tx transmission. Finally the performance comparison of these 4 Tx schemes are shown through link level simulation results.
2 Transmit diversity for PUCCH
2.1 Transmit diversity with 2 antennas
Since it is important to maintain the coverage of PUCCH, we only consider the transmit diversity scheme that are able to preserve the single carrier property of transmitted signal. These schemes include:
· Space-time block code (STBC)
· Single Carrier SFBC (SC-SFBC)
· Small Delay Cyclic delay diversity (SD CDD)
· Slot-based Precoder vector switching (Slot-based PVS)
· Orthogonal Resource Transmission Diversity (ORTD) [3]
We evaluate these 5 schemes from the aspects of backward compatibility, the number of required orthogonal resources (OR) and the diversity gain. The comparison is summarized in Table 1.
Table 1 Comparison of 2 Tx diversity schemes for PUCCH
	TxD scheme
	Pros
	Cons

	STBC
	- Large diversity gain
	- Destruction of orthogonality between resources

- Negative impact on backward compatibility

- Unpaired symbol problem
- 2 orthogonal resources for DMRS incurring data OR waste

	SC-SFBC
	- Large diversity gain
	- Destruction of orthogonality between resources

- Negative impact on backward compatibility
- 2 orthogonal resources for DMRS incurring data OR waste

	SD CDD
	- Only need 1 orthogonal resources for DM RS and Data
- Maintain backward compatibility
	- Limited diversity gain

	Slot-based PVS
	- Only need 1 orthogonal resources for DMRS and Data
- Maintain backward compatibility
	- Limited diversity gain
- susceptible to channel spatial correlation

	ORTD
	- Large diversity gain

- Maintain backward compatibility
	- Diversity gain may be affected by the orthogonality of 2D-spreading codes in case of the same PRB for two antennas.


According to above comparison, only ORTD seems to be the most promising 2Tx TxD scheme for PUCCH since it provides the best performance among all the schemes as shown in [3] with acceptable resource consumption, therefore we suggest to adopt the orthogonal resource transmission Diversity (ORTD) as the 2 antennas TxD scheme for PUCCH.
2.2 Transmit diversity with 4 antennas
2.2.1 ORTD+4OR
The ORTD with 2 transmit antennas can be found in [3]. In this section, the ORTD with 4 transmit antennas is discussed, which is illustrated in figure 1. In PUCCH format 1/1a/1b, the resource to be assigned to a UE (n_r) can be represented by “(n_r)=(n_cs, n_oc, n_PRB)”. In case of format 2/2a/2b, the resource is defined by “(n_r)=(n_cs, n_PRB)”.
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In this scheme, the DMRS and the control data for each UE will use four orthogonal resources respectively which seems to be a undesired resource consumption. For example, if we assume
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Figure 1   PUCCH Transmitter with ORTD+4OR
2.2.2 ORTD+STBC

The PUCCH transmitter with ORTD+STBC is illustrated in figure 2. The two consecutive modulated symbols S1 and S2 are duplicated into each input port of module ORTD in order to perform CDM/FDM spreading operation. And then the STBC operation is performed. In this scheme, four orthogonal resources are used for DMRS, while only two orthogonal resources are used for control data. Half of the available orthogonal resources remain unused. Since STBC have unpaired symbol problem and will destroy the orthogonality between resources if it is used by format 1/1a/1b, ORTD+STBC is not likely to be used as the PUCCH TxD scheme for four antennas, we don’t consider ORTD+STBC in the next simulation results section. 
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Figure 2   PUCCH Transmitter with ORTD+STBC
2.2.3 ORTD+TSTD
The PUCCH transmitter with ORTD+TSTD is illustrated in figure 3. The modulated symbol S is duplicated into each input port of module ORTD in order to perform CDM/FDM spreading operation, and then the TSTD operation is performed. In order to save the orthogonal resources, slot-based TSTD is preferred. In this scheme, the RS and the control data for each UE use two orthogonal resources respectively. 

[image: image8.emf]Encoder and 

Modulation

TSTD

S

S

S

ORTD

X

Y

Tx0

Tx1

Tx2

Tx3


Figure 3   PUCCH Transmitter with ORTD+TSTD
2.2.4 ORTD+CDD

The PUCCH transmitter with ORTD+CDD is illustrated in figure 4. In order to save the orthogonal resources, small delay CDD is preferred. In this scheme, the DMRS and the control data for each UE use two orthogonal resources respectively.
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Figure 4   PUCCH Transmitter with ORTD+CDD
2.2.5 ORTD+PVS

The PUCCH transmitter with ORTD+PVS is illustrated in figure 5. In order to save the orthogonal resources, slot-based PVS is preferred. In this scheme, the DMRS and the control data for each UE use two orthogonal resources respectively.
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Figure 5   PUCCH Transmitter with ORTD+PVS
3 Simulation results

In this section, simulation results are presented to compare the performance of different PUCCH TxD schemes for four transmit antennas. Table 2 lists the parameters and assumptions for the link level simulation. For ORTD+CDD, the small delay CDD is used. For ORTD+PVS, the slot-based PVS is applied and the precoding vectors are [+1, +1], [+1, -1], [+1, +j], and [+1, -j]. 
Table 2: Simulation Assumptions.
	Carrier frequency
	2GHz

	Channel bandwidth
	5 MHz

	FFT size
	512

	Sampling frequency
	7.68 MHz

	Cyclic Prefix
	36 Samples (Normal CP)

	Data Resource Assignment
	1 RB

	Channel estimation
	Linear interpolation 

	Channel Model
	EPA5

	UE Speed
	2 km/h

	PUCCH Format
	Format 1b, Format 2

	Number of Tx Antennas
	4 (Uncorrelated, |ρ|=0.5)

	Number of Rx Antennas
	2 (Uncorrelated, |ρ|=0.9)

	Ack/Nack Bits
	2 bit (QPSK) – Format 1b

	CQI Information Bits
	10 bits (QPSK) – Format 2
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	Number of cells
	1

	Number of UEs within a cell
	1 for A/N, 1 for CQI


Figure 6 depicts the ACK/NACK BLER performances of different transmission schemes. Both uncorrelated and correlated scenarios are considered. From the simulation results, we observe that ORTD+4OR shows the best performances both in uncorrelated channel and in correlated channel. In uncorrelated channel ORTD+TSTD performs relatively close to other schemes except for ORTD+4OR. In correlated channel, the ORTD+TSTD has about 1dB performance gain compared to ORTD+PVS and ORTD+CDD. 
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(a) Tx corr=0.0, Rx_corr=0.0                                                   (b) Tx corr=0.5, Rx_corr=0.9
 Figure 6 Averaged ACK/NACK BLER for PUCCH format 1b
Figure 7 depicts the BLER performances of different transmission schemes for format 2. In both uncorrelated and correlated channel, ORTD+4OR shows the best performance compared to other schemes. ORTD+TSTD is inferior to ORTD+4OR. The performance of ORTD+PVS is worse than others. ORTD+CDD is slightly better than ORTD+PVS.
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(a) Tx corr=0.0, Rx_corr=0.0                                                (b) Tx corr=0.5, Rx_corr=0.9
 Figure 7 Averaged CQI BLER for PUCCH format 2 
From the simulation results, we observe that
· ORTD+4OR shows the best performance compared to other schemes in both uncorrected and corrected channel, but it require four orthogonal resources which seems to be an undesired resource consumption and will reduce the multiplexing capacity.
· ORTD+TSTD is slightly worse than ORTD+4OR, but it only need two orthogonal resources for one UE which provides double UE multiplexing capacity compared to ORTD+4OR
4 Conclusion
In this contribution, we discussed the transmit diversity schemes for PUCCH in LTE-A. 
· For 2Tx antennas, we only consider transmit diversity schemes that are able to preserve the single carrier property and we suggest to consider ORTD as the PUCCH TxD scheme for 2 antennas. 
· For 4Tx antennas, we provide several schemes based on ORTD and the simulation results are presented. Although ORTD+4OR shows the best performance compared to other schemes, but it needs four orthogonal resources for each UE. From the performance aspect, ORTD+TSTD is slightly worse than ORTD+4OR, but it only need two orthogonal resources for each UE which provides double UE multiplexing capacities compared to ORTD+4OR. So ORTD+TSTD is proposed as the PUCCH TxD scheme for four antennas.
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