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1. Introduction
It has been recognized that it is necessary to include open-loop transmit diversity (TxD) operations for PUCCH due to the availability of multiple Tx at the UE [1-9]. TxD schemes with 2 Tx have been well studied [1-5], and several contributions for 4 Tx can be found in [6-8]. A common view was recently presented in [9] that for 4 Tx, 2 Tx TxD using antenna virtualization should be applied maintaining transparent to a eNB. In addition, spatial orthogonal-resource transmit diversity (SORTD) has suggested to be adopted in order to achieve good performance and high flexibility [9]. In this document, several TxD schemes based on [9] is analyzed for 4 Tx.
For format 1a, by using 2 orthogonal sequences, SORTD can be applied to achieve 2 TxD, and this can be further combined with time switched transmit diversity (TSTD), such that 18 UEs can be multiplexed. Symbol-based precoding vector switching (PVS) is another possibility, but it requires two orthogonal sequences for DMRS, and thus, only 18 UEs can be multiplexed. In addition, we can alternatively assign only one orthogonal sequence to the control modulated signals of the UE. With this method, the UEs do not require any additional orthogonal sequences for MIMO channel estimation, and maximum number of UEs (36) can be multiplexed. Finally the performance comparisons are shown through link level simulation results.
2. Discussion
In this section, we describe several optional schemes to achieve transmit diversity for PUCCH that preserves the single carrier property at each transmit antenna. As it is crucial to maintain the coverage of PUCCH [1-5], we only consider transmit diversity techniques that are able to preserve the PAPR property of transmitted signals. In the following, we introduce the TxD schemes according to the number of orthogonal sequences assigned to the control signals of the UE.
· Spatial orthogonal resource transmit diversity (SORTD)

Fig. 1 demonstrates the block diagram of the PUCCH (format 1a) transmitter when SORTD is applied as the TxD scheme. In the proposed SORTD scheme, the same control data is transmitted over the four antennas. To provide the receiver with two independent replicas of the same control data, the cyclically shifted sequence of virtual antennas (pair) is chosen differently from the sequence of the other virtual antenna group. This means that for the transmission of control signals, the UE uses two orthogonal sequences, and thus, the total number of multiplexed UEs equals 18 (by the RS configuration). It is worthwhile mentioning that assigning two orthogonal sequences to each UE does not require additional signaling, keeping the signaling the same as in Rel. 8. 
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Fig. 1: PUCCH Transmitter with SORTD
· Spatial orthogonal resource transmit diversity + subgroup slot-based PVS (SORTD + Slot-based PVS)

In order to achieve better performance, slot-based PVS can be serially concatenated with SORTD, as shown in Fig. 2. In the proposed scheme, two orthogonal sequences are required by the UE. By switching the precoding vector over the slots, this scheme is able to obtain some performance gain inside each virtual antenna group, meanwhile remaining transparent to the eNB.
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Fig. 2: PUCCH Transmitter with SORTD + Slot-based PVS
· Symbol-based PVS

In Fig. 3, it shows the block diagram of the PUCCH transmitter using symbol-based PVS. While one orthogonal sequence is required by the control signals of every UE, two orthogonal sequences have to be provided for DMRS. Similar to Fig. 3, the products of the control modulated symbols and the orthogonal sequences are envisioned as two groups, and symbol-based PVS could be then applied between these two sets. The main advantage of this scheme is to realize high spatial diversity at the cost of an extra orthogonal sequence for DMRS.
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Fig. 3: PUCCH Transmitter with Symbol-based PVS
· Sub-group time switched transmit diversity (SG-TSTD)

Fig. 4 shows the block diagram of the PUCCH transmitter when only one orthogonal sequence is applied to every antenna, such that 36 UEs can be supported. In this scheme, sub-group time switched transmit diversity (TSTD) is further combined to obtain spatial diversity. As TSTD is transparent to the eNB, the proposed scheme has complete backward compatibility with Rel. 8.
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Fig. 4: PUCCH Transmitter with SG-TSTD
3. Evaluation results
In this section, some simulation results are presented for PUCCH format 1a to compare the performance of different candidate schemes for PUCCH with four transmits antennas. For each set of simulation results, both correlated and uncorrelated scenarios are evaluated. Power control is assumed such that all UEs have the same average received power at the eNB. Table 1 summarizes other simulation assumptions. For both symbol-based PVS and slot-based PVS, the set of precoding vectors include [+1, +1] and [+1, -1].
Table 1: Simulation Assumptions.
	Channel bandwidth
	5 MHz

	Number of total sub-carriers
	601 (including DC)

	Subframe
	1 msec = 14 OFDM symbols

	FFT size
	512

	Sampling frequency
	7.68MHz

	Cyclic Prefix
	36 Samples (Normal CP)

	Carrier frequency
	2 GHz

	Data Resource Assignment
	1 RB

	Channel estimation
	Realistic

	Channel Model
	ITU PB

	UE Speed
	3 kph

	PUCCH Format
	Format 1a

	Number of Tx Antennas
	4 (Uncorrelated, |ρ|=0.7)

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

	Ack/Nack Bits
	1 bit (BPSK) – Format 1a
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Fig. 5 and Fig. 6 show the average symbol error rate (SER) vs. SNR for different transmission schemes in PUCCH format 1 (Ack/Nack) and for different number of UEs multiplexed in the same RB. From Fig. 5 and Fig. 6, it can be observed that in both uncorrelated and correlated channels, SORTD + slot-based PVS and symbol-based PVS, have almost the same performance. SORTD obtains a slightly worse SER, but it has lower complexity without any post-processing after applying the orthogonal sequences. Although SG-TSTD can support more number of UEs, it has performance much superior than the other schemes. Having all of these observations in mind, it turns out that SORTD + slot-based PVS, SORTD and symbol-based PVS have the most robust performance in format 1a.
4. Conclusion
In this contribution, we have discussed the transmit diversity candidates for PUCCH format 1a in LTE-A. In summary, with four Tx,

· Virtual antennas should be used to form a 2 TxD scheme in order to avoid estimating all channels.

· SORTD, SORTD based concatenated schemes (SORTD + slot-based PVS), and symbol-based PVS obtain robust performance and could be adopted for possible TxD schemes.

· SG-TSTD could be useful to support large number of UEs at the expense of performance degradation.
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Fig. 5: Performance comparison of different transmission schemes for PUCCH format 1a with 1 UE (a) Uncorrelated Channel (b) Correlated Channel
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Fig. 6: Performance comparison of different transmission schemes for PUCCH format 1a with 18 UE for SORTD, SORTD + Slot-based PVS, and symbol-based PVS, and 36 UE for SG-TSTD (a) Uncorrelated Channel (b) Correlated Channel
� EMBED Equation.3  ���
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