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1. Introduction

In LTE-Advanced, depending on the UE capabilities, it is expected that some UEs have multiple transmitting antennas and PAs for improving the peak spectrum efficiency by utilizing SDM in uplink. Although SDM for PUSCH is the main motivation for the UE to have multiple transmitting antennas, such antennas would also be useful for PUCCH where SDM is most likely unused.
In this contribution, we discuss the TxD schemes for PUCCH from the performance and complexity perspectives.
2. Discussion

2.1. Merits of TxD schemes for PUCCH
As mentioned in [4], the TxD for PUCCH doesn’t contribute for enhancing the cell coverage for LTE-Advanced, since Rel 8 UEs should be also supported within the same spectrum band. However, we see some merits of having TxD for PUCCH as follows.

· Improvement of the performance at range

· Similar format as PUCCH formats 2/2a/2b in Rel 8 might be used for carrying multiple ACK/NACKs in the operation of carrier aggregation
· TxD scheme for PUCCH helps to obtain lower BLER for ACK/NACK

· Higher order modulation might be supported by PUCCH in LTE-Advanced
· Reduction of the required power per antenna

· TxD using multiple antenna could contribute to reduce the required power per antenna
· Especially, the property with the same transmission power of PUCCH between antennas is useful for the simultaneous transmission of PUCCH and PUSCH when MIMO transmission is configured for the UE.
2.2. Classification of the TxD schemes for PUCCH

Before discussing specific TxD schemes for PUCCH, we would like to classify the TxD schemes as “single-resource based TxD” and “multiple-resource based TxD” schemes, depending on whether it requires multiple code resources or not.
2.2.1 Single-resource based TxD schemes

Single-resource based TxD schemes require only one (time/frequency/code) resource for transmitting PUCCH. Following are some candidates for this category.
· Slot-based antenna switching
· Pros : low PAPR,  transparent to the receiver

· Cons : low diversity gain

· Slot-based PVS

· Pros : low PAPR,  transparent to the receiver

· Cons : low diversity gain

2.2.2 Multiple-resource based TxD schemes

Multiple-resource based TxD schemes require multiple resources for transmitting PUCCH. Following are some candidates for this category.
· STBC
· Pros : high diversity gain, low PAPR, multiple code resources are required only for RS
· Cons : SC-FDMA symbol pair is required

· SFBC

· Pros : high diversity gain

· Cons : high PAPR, severe orthogonality loss in cyclic shift domain

· CDD
· Pros : low PAPR, transparent to the receiver
· Cons : lower diversity gain than Alamouti schemes
· SCTD [1]

· Pros : high diversity gain, low PAPR

2.3. Discussion on TxD schemes for PUCCH
In the following discussion, we separate the discussion of TxD schemes for large PUCCH payload formats like PUCCH formats 2/2a/2b and for small PUCCH payload formats like PUCCH formats 1/1a/1b, since the required performance improvements and resource indication schemes for these signals are different.

2.3.1 TxD schemes for large PUCCH payload formats
As discussed before, the performance improvements for large PUCCH payload formats would be useful, since higher order modulation and multiple ACK/NACK transmission using these formats might be applied in LTE-Advanced. In addition, it is relatively easy to apply multiple-resource based TxD for PUCCH formats 2/2a/2b compared to small PUCCH payload formats like PUCCH formats 1/1a/1b, since resources for large PUCCH payload formats are always semi-statically configured by RRC. Therefore, Alamouti and CDD schemes as well as slot-based antenna switching/PVS should be carefully studied for large PUCCH payload formats.
Among above mentioned TxD schemes, slot-based PVS seems to have a good tradeoff between performance and complexity. Although slot-based PVS would have similar performance as slot-based antenna switching, slot-based PVS has a merit that the power stolen by PUCCH for each antenna would be the same in case of simultaneous transmission of PUCCH and PUSCH.
SCTD would also be considered as another candidate; since SCTD would achieve relatively better performance as well as it can significantly reuse the large PUCCH payload format structures in Release 8.
2.3.2 TxD schemes for small PUCCH payload formats 
The performance improvement for small PUCCH payload formats like PUCCH formats 1/1a/1b doesn’t contribute to improve the cell coverage.  If multiple-resource based TxD schemes are used, it increases the complexity of the scheduler significantly, since these formats are regularly utilized by dynamic ACK/NACK signals and the resource used for dynamic ACK/NACK is decided by the CCE usage for PDCCH. In addition, the performance improvement of the SCTD decreases as the number of ACK/NACK signals in PUCCH increases. This is shown in Annex 1. Hence, a single-resource based TxD scheme is better for small PUCCH payload formats.
In addition, since uplink dynamic ACK/NACK transmission using PUCCH format 1a could occurs before eNB obtains the UE capability of the UE (ACK/NACK for message 4 in RACH procedure when the network does not have UE capability of this UE), eNB sometimes has to receive PUCCH format 1a without knowing the number of transmission antennas at the UE. Thus, the transparent TxD scheme would be better for small PUCCH payload formats.
Therefore, slot-based PVS would be a good candidate for TxD scheme for small PUCCH payload formats.
2.4. Necessity of the unification of TxD schemes for PUCCH
As discussed in the previous sub-section, preferred TxD schemes for small PUCCH payload formats and large PUCCH payload formats could be different. However, from the simplification perspective, to have unified TxD schemes for these PUCCH formats is desirable.
Whether to have unified TxD schemes depends mainly on the requirements for the performance enhancement of large PUCCH payload formats in LTE-Advanced. If large PUCCH payload formats support multiple ACK/NACK transmission or higher order modulation etc., then it would be better to consider the optimization of the TxD scheme for large PUCCH payload formats without having a unified TxD scheme.
3. Conclusion

In this contribution, we discussed the TxD schemes for PUCCH.
We first discussed the use-cases where TxD schemes for PUCCH are useful. Then we classified TxD schemes as single-resource based TxD schemes and multiple-resource based TxD schemes. We further discussed the desired properties for TxD schemes for large PUCCH payload formats like PUCCH formats 2/2a/2b and small PUCCH payload formats like PUCCH formats 1/1a/1b.
Based on above considerations, we pointed out that we should focus on the discussion of TxD schemes for large PUCCH payload formats, taking into account the possibility of the unification of TxD schemes for large and small PUCCH payload formats.
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Annex 1
Figures 1 and 2 show the performance evaluation results of the TxD schemes (CDD, PVS, SCTD) in PUCCH. The numbers of the ACK/NACK signals in figures 1 and 2 are 9 and 18, respectively. Simulation conditions are shown in table 1.
As shown in these figures, although SCTD has the best performance among these schemes, the performance difference between PVS and SCTD is negligible if the number of the ACK/NACK signals in PUCCH is 18.
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Figure 1 Performance evaluation results on the TxD schemes for PUCCH (9 ACK/NACK signals)
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Figure 2 Performance evaluation results on the TxD schemes for PUCCH (18 ACK/NACK signals)
Annex 2

Figures 3 and 4 show the performance evaluation results of the SCTD for CQI in PUCCH. The numbers of the CQI signals transmitted in the same RB is 6 and the number of CQI bits in figures 3 and 4 are 10 and 16, respectively. Simulation conditions are shown in table 1.

As shown in these figures, although SCTD has the best performance among these schemes, the performance difference between SCTD and Non-TxD is not so big if the number of CQI signals is 6.
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Figure 3 Performance evaluation results on the SCTD for CQI (6 signals : 16bit CQI)
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Figure 3 Performance evaluation results on the SCTD for CQI (6 signals: 10bit CQI)

Table 1 Simulation conditions
	Carrier frequency
	2GHz

	Transmission BW
	10MHz

	Sub-frame duration
	1ms

	Number of sub-frame per frame
	10

	Sub-carrier spacing
	15kHz

	FFT size
	1024

	CP
	4.7μsec

	Number of OFDM symbols per sub-frame
	14

	Channel environments
	TU 6Path(3km/h)

	Channel estimation
	Ideal, Real

	Antenna configuration
	[Tx, Rx]=[1,2],[2, 2]

	Antenna correlation
	uncorrelated

	Number of simulation frames(Sub-frame)
	10000frames

	ACK/NACK
	2bit(QPSK)  format-1b

	CQI
	10 bit (RM,TB), 16bit (TB)

	ZC sequence
	RS Group=5, RS Sequence = 0

	Number of UE
	9, 18 for ACK/NACK, 6 for CQI

	Tx Timing Error
	0, -0.26～0.26usec(-4～4sample)

	Tx Power Error
	-3.0～3.0dB
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