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1. Introduction  
During the past meetings, some multi-antenna transmit diversity schemes were proposed for PUCCH format 2/2a/2b in LTE-A [1~5]. Among these schemes the ORT (Orthogonal Resource Transmission) based schemes seem preferred by most companies, such as space orthogonal resource transmit diversity (SORTD), space orthogonal resource multiplexing (SORM) etc. 

Most of these schemes pay more attention on the CQI feedback, however as in LTE Rel-8, the PUCCH format 2a/2b could also transmit ACK/NACK besides CQI. In this contribution, we mainly focus on ACK/NACK feedback for the ORT based PUCCH format 2b in LTE-A, and propose an improved ACK/NACK transmission scheme with simplex coding.
This contribution is a resubmission of R1-100963.
2. ACK/NACK transmission scheme for multi-antenna PUCCH format 2b
For the PUCCH format2b in LTE Rel-8，the two ACK/NACK bits are modulated by QPSK first, and then the QPSK symbol is transmit on the second RS symbol of the two slots through the PUCCH. With a simple extension, for the ORT based PUCCH format 2b, the same ACK/NACK modulation symbol could be transmitted from the two antennas with repetition as shown in Fig.1. 
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Fig.1 the ACK/NACK transmission scheme with simple repetition

In the above scheme the same ACK/NACK bits (denoted as “a1”and “a2”) are transmitted on each slot through the orthogonal PUCCH of different antenna. This could be seen as a method of repetition coding without any coding gain. 

In this contribution, we propose to encode the two ACK/NACK bits by simplex coding, which is widely used in Rel-8 specification. With the proposed scheme ,the encoded ACK/NACK bits can be represented by (a1,a2,a3,a1,a2,a3,a1,a2 ), where a3=( a1+a2) mod 2, and then the encoded ACK/NACK bits could be transmitted for the ORT based PUCCH format 2b as shown in Fig.2.

Compared with the simple repetition, the proposed method has larger hamming distance, thus more coding gain could be achieved. From the simulation results illustrated in the annex, it is observed that the performance of ACK/NAK with the proposed scheme outperforms the method with simple repetition as shown in Fig.1.
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Fig.2 the ACK/NAK transmission scheme with simplex coding

In RAN1# 58, it has been agreed that that uplink single antenna port mode should be supported for UEs with multiple antennas. In order to maintain full backward compatibility with Rel-8 when the UE fall back to single antenna transmission mode at certain scenario, the encoded ACK/NACK bits could be reordered as (a1, a2, a1,a2, a1, a3, a2, a3), thus the encoded ACK/NAK bits transmitted from the first antenna are the same as that in single antenna transmission mode.

3. Conclusions

In this contribution, we discuss the ACK/NAK Transmission scheme for multi-antenna PUCCH format 2b in LTE-A. From our analysis and simulation results, we suggest that the proposed coding scheme for ACK/NACK should be adopted for multi-antenna PUCCH format 2b transmission in LTE-A. 
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Annex
The link level simulation parameters for PUCCH format 2b are listed in Table 1.
Table 1 Simulation Parameters
	System bandwidth
	5MHz

	Carrier Frequency
	2.0GHz

	PUCCH formats
	2b based SORTD

	Slot format
	Normal CP (7 symbols per slot)

	Channel model
	TU

	UE speed
	3km/h

	Antenna configuration
	1x2, 2x2 

	Antenna correlation
	0 

	Frequency hopping between slot 
	Enabled

	Channel estimation
	Practical

	Number of ACK/NAK bits
	2
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Fig. 3 
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