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1 Introduction
Transmit diversity schemes for PUCCH format 3 were proposed in [1] – [6]. While most of the proposals are open loop based schemes, a closed loop scheme based on antenna selection (AS) was discussed in [2]. It has been shown that antenna selection provides significant better performance than others [2]. Issues on UE power amplifier and applicability of precoding were brought up during the discussion. In this contribution, we discuss these aspects for antenna selection as the transmit diversity scheme for PUCCH format 3.
2 Antenna selection 
The benefits of antenna selection as the transmit diversity scheme for PUCCH format 3 include [2]:

· Best detection performance

· Same amount of required PUCCH resources as single antenna port transmission

· Capable of accommodating antenna gain imbalance

· Applicable for both normal and extended CP

· No specification changes required for PUCCH format 3 transmission scheme and resource allocation

In this section, we discuss the several issues on antenna selection brought up during the past RAN1 meetings.
2.1 UE power amplifier
For UEs capable of uplink multi-antenna port transmission, the UEs may choose to implement with power amplifiers of 23 dBm, 20 dBm, or combination of 23 dBm and 20 dBm for different antenna ports. One concern regarding antenna selection is that the total transmit power of UEs with 20 dBm PA for each antenna port is 3 dB less if the UEs only transmit PUCCH on one antenna port by antenna selection, compared to other transmit diversity schemes with which UEs can transmit on both antenna ports.
Since PUCCH is typically interference limited, it is expected that only a very small faction of UEs need to transmit PUCCH with maximum power. Figure 1 shows the CDF of ACK/NAK SINR for UMA, with UE maximum transmit power of 23 dBm (left) and 20 dBm (right), respectively. It is observed that the ACK/NAK SINR CDFs are almost the same for cases with maximum transmit power of 23 dBm and 20 dBm. This can be further verified by Figure 2, where the CDF of UE transmit power is shown. The UE uplink power control parameters are set such that the received signal power over thermal (not including inter-cell interference) noise ratio at eNB meets a target SNR (i.e. TSNR of 5 dB, 10 dB, or 15 dB as in Figure 2). It is observed only a negligible fractions of UEs need to transmit at maximum power of 20 dBm. Similar observations can be drawn for RMA as shown in Figures 3 and 4. Hence, we have the following observation.

Observation 1: UE implementation on power amplifier (i.e. 23 dBm vs. 20 dBm PA) does not impact the performance of antenna selection as the transmit diversity scheme for PUCCH format 3.
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Figure 1: ACK/NACK SINR CDF for UMA, UE max Tx power 23 dBm (left), 20 dBm (right)
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Figure 2: CDF of UE Tx power with UL power control, UMA, UE max Tx power 20 dBm
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Figure 3: ACK/NACK SINR CDF for RMA, UE max Tx power 23 dBm (left), 20 dBm (right)
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Figure 4: CDF of UE Tx power with UL power control, RMA, UE max Tx power 20 dBm

2.2 Precoding vs. antenna selection

Closed loop precoding may also be considered as the transmit diversity scheme for PUCCH format 3. In particular, antenna selection can be viewed as a special case of closed loop precoding, where the precoding vectors are [1 0] and [0 1] for PUCCH transmission over two antenna ports. Under certain conditions (e.g. uncorrelated antennas, no antenna gain imbalance, etc.), it is expected that closed loop precoding with a codebook comprising two codewords can achieve similar performance with antenna selection. On the other hand, with practical non-ideality such as antenna gain imbalance, the performance of closed loop precoding with a codebook comprising two codewords is worse than antenna selection, as shown in Figure 5. The main reason is that with antenna gain imbalance, precoding with codeword [1/sqrt(2) 1/sqrt(2)] or [1/sqrt(2) -1/sqrt(2)] splits the transmission power on two antenna ports, while it is better to focus all transmit power on the antenna port with higher channel gain. Hence, we have the following observations.
Observation 2: Closed loop precoding with a codebook of two codewords does not perform as well as antenna selection for PUCCH format 3 in case antenna gain imbalance exists.
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Figure 5: Performance comparison of antenna selection and precoding, with 3 dB AGI
3 Conclusions
In this contribution, we further discuss antenna selection as the transmit diversity scheme for PUCCH format 3 in Rel-11, focusing on the concerns and comments brought up in previous RAN1 meetings. On the issue of UE power amplifier implementation, it is observed that UE implementation on power amplifier (i.e. 23 dBm vs. 20 dBm PA) does not impact the performance of antenna selection as the transmit diversity scheme for PUCCH format 3. On the applicability of closed loop precoding for PUCCH format 3, we see that closed loop precoding with a codebook of two codewords does not perform as well as antenna selection for PUCCH format 3 in case antenna gain imbalance exists. With the advantages of antenna selection as outlined in this contribution, we propose antenna selection to be adopted as the transmit diversity scheme for PUCCH format 3 in Rel-11.
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5 Appendix: simulation assumptions

	Parameters
	Value

	carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz

	channel model
	ETU

	UE speed
	3 km/h

	frequency hopping
	at slot boundary

	antenna setup
	2Tx, 2Rx

	AGI
	3 dB

	RX antenna correlation
	uncorrelated

	channel estimation
	practical

	CP type
	normal CP

	signal bandwidth
	180 kHz

	RX false alarm detection threshold
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	Detection method
	ML (using data only)

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1

	Codebook for precoding
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