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1. Introduction
During RAN1 #56bis, it has been agreed to consider “Expanding the supported PUCCH payload sizes” to support higher CSI payloads for CoMP feedback. For UEs with multiple antennas, MIMO technique for PUCCH format 2 has been proposed as a potential method to increase the payload size [1-7]. In this contribution, we discuss such candidate schemes, and propose other efficient methods to increase CQI payload size for both multi-antenna and single-antenna UEs shall be considered in LTE-A.
2. Multi-antenna technique for PUCCH payload increase
Transmit diversity (TxD) as a common multi-antenna technique is used to improve transmission reliability and enhance cell coverage. Considering Rel-8 backward compatibility, the cell coverage of LTE-A systems shall be similar to that of LTE. Thus, it is not clear whether coverage of PUCCH formant 1 (ACK/NAK) shall be increased or not in LTE-A. On the other hand, due to larger feedback requirements in LTE-A to support advanced MIMO schemes such as CoMP and higher order MIMO, it is critical that the PUCCH format 2 (CQI) payload shall be expanded in LTE-A. 
For UEs with multiple transmit antennas, TxD can be used to increase PUCCH format 2 payload size and/or improve the transmission reliability. Among the several TxD schemes, space orthogonal resource transmission diversity (SORTD) [3] can achieve the best diversity gain at the expense of doubling PUCCH format 2 resources. For SORTD, the same information is transmitted on multiple antennas using different orthogonal resources. In other words, one PUCCH orthogonal resource corresponds to one transmitter antenna. With QPSK modulation, 20 coded bits can be transmitted in one subframe. The diversity gain depends on the number of transmit antennas.
Generally, spatial multiplexing (SM) can be used to improve the transmission efficiency. Space orthogonal resource multiplexing (SORM) [3][5] also utilizes multiple antennas with multiple orthogonal PUCCH resources. Different from SORTD, SORM splits the coded information bits into several parts and each part is transmitted over one antenna using one PUCCH resource. For QPSK modulation, 20×N coded bits can be transmitted, where N is the number of assigned orthogonal PUCCH resources. 
By simulations, we show the CQI payload size vs. the required SNR for BLER=0.01 in Figure 1. The simulation assumptions are listed in Table 1. Figure 1 shows the performance of three PUCCH transmission schemes: 1x2 SIMO, 2x2 SORTD, and 2x2 SORM. CQI payload size of 5, 6, 8, 10, 11, 13, 14, 16, 18, 20, 22 bits are considered. The BLER performance comparisons between 11 bits SIMO transmission and larger payload size SORTD and SORM transmissions are shown in Figure 2 – 7 in the Annex. It is observed from the simulation results that the performance of SORM is considerably better than the other two schemes when CQI payload size is more than 8 bits. In addition, SORTD provides better performance than 1x2 SIMO for all CQI payloads. For payload size less than 8 bits, SORTD outperforms SORM. It is clear from Fig. 1 that the SORM scheme can provide more CQI payload than 1x2 SIMO and SORTD. For instance, when SNR for BLER=0.01 is equal to -1 dB, 1x2 SIMO can support 11CQI payload bits, the SORTD scheme can support 15 bits, and the SORM scheme is able to support more than 20 bits.    
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Figure 1: Payload size vs. SNR for BLER=0.01

Table 1: Simulation assumptions
	Parameters
	Value

	Bandwidth
	5MHz

	PUCCH format
	PUCCH format 2

	Channel model
	ETU 

	Antenna Correlation
	0

	Channel estimation
	Realistic

	CP type
	Normal CP

	Channel Coding
	For SIMO and SORTD: CQI payload<12 bits RM coding, CQI payload≥12 bits Tail-Biting Convolutional coding

For SORM: Tail-Biting Convolutional Coding

	UE speed (km/h)
	3km/h

	Number of antennas
	1 Tx, 2 Rx for 1x2 SIMO
2 Tx, 2 Rx for SORTD and SORM


3. Conclusions
In this contribution, we discuss two multi-antenna transmission scheme for PUCCH format 2 (CQI) in LTE-A. The SORTD scheme can improve the transmission reliability while the SORM scheme has more potential to increase the CQI payload size. Given that CSI feedback amount is expected to be larger in LTE-A than LTE, it is more valuable to provide mechanisms to increase the PUCCH payload size. Although SORM can meet this end to some extent, it is only applicable to UEs equipped with multiple transmit antennas. Hence, other methods to increase CQI payload size shall be considered in LTE-A. 
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Figure 2: 11 bits CQI payload 



Figure 3: 14 bits CQI payload
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Figure 4: 16 bits CQI payload 



Figure 5: 18 bits CQI payload
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Figure 6: 20 bits CQI payload 



Figure 7: 22 bits CQI payload






