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1 Introduction

The uplink data-non-associated control signaling in the absence of data utilizes the reserved frequency bands (See Fig. 1), with CDM based multiplexing of signals from different UEs transmitted in the same control channel. The CDM multiplexing can be achieved by block-wise spreading and/or symbol-level spreading within the block [1-5]. 

In this contribution, we compare CQI transmission schemes with different reference signal (RS) overheads and modulation methods. The symbol-level spreading within the block is assumed for multiple access, hence, block-level modulation is used to convey CQI information.
2 CQI transmission schemes
In the following, three transmission schemes considered here for CQI (or ACK/NAK plus CQI) transmission are described. 
· QPSK modulation with one RS block per slot (QPSK-1RS)
The slot structure for QPSK modulation with one RS block per slot is shown in Fig. 2. BL #3 contains RS, and BL #0, #1, #2, #4, #5, and #6 are used in modulation. 
· QPSK modulation with two RS blocks per slot (QPSK-2RS)

The slot structure for QPSK modulation with two RS blocks per slot is shown in Fig. 3. BL #1 and # 5 contain RS, and BL #0, #2, #3, #4, and #6 are used in modulation.
· Differential QPSK modulation (DQPSK-1RS)

The slot structure for differential QPSK modulation is shown in Fig. 4. BL #0 is used for transmission of a known symbol, and BL #1, #2, #3, #4, #5, and #6 are used for CQI transmission. This structure has the same RS overhead as the QPSK-1RS. Differential QPSK modulation can be represented as below. Let 
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 denote the transmitted symbol in the i-th block of the slot, then, 
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 is the QPSK symbol for the i-th block. 

In the contribution, we take 5 bits as CQI information and apply the rate-1/2 convolutional coding with the constraint length 9. A proper coding scheme and different amounts of CQI bits are subject to further study. Table I summarizes the numbers of available transmission symbols and punctured bits for the different transmission schemes described above. 
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Figure 1 Control channels in the uplink 
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Figure 2 Slot structure with one RS block per slot
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Figure 3 Slot structure with two RS blocks per slot
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Figure 4 Slot structure for differential QPSK modulation

Table I   5 bit CQI transmission with rate-1/2 convolutional coding
	
	QPSK-1RS
	DQPSK-1RS
	QPSK-2RS

	# of transmission symbols
	12
	12
	10

	# of transmitted bits
	24
	24
	20

	# of punctured bits
	2
	2
	6


3 Simulation results
The link-level simulation parameters are listed in Table II. The block error rates (BLERs) versus SNR per subcarrier and Rx antenna are compared in Fig. 5 and Fig. 6 for UE speeds of 3 km/h and 360 k/h respectively.
Table II Link-level simulation parameters
	Parameter
	Configuration

	Carrier frequency/ System bandwidth
	2.0 GHz / 10 MHz

	Channel model
	TU-6,  No spatial correlation

	Antenna configuration
	1 Tx, 2 Rx

	UE speed
	3 km/h, 360 km/h

	Number of CQI bits
	5 bits

	Channel Coding
	Rate-1/2 convolutional code

	Resource allocation
	12 sub-carriers per slot, 2 slots (bottom and top bands)

 (See Figs. 1-4)
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Figure 5  5 bit CQI, UE speed: 3 km/h
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Figure 6  5 bit CQI, UE speed: 360 km/h

From the simulation results, we observe the followings. 

· At low speed (3 km/h): The DQPSK scheme shows the best performance. The performance gains against the QPSK-1RS and QPSK-2RS are 0.7 and 0.3 dB, respectively, at BLER of 10-2.
· At high speed (360 km/h): The DQPSK shows 3.0 and 0.4 dB gains against the QPSK-1RS and QPSK-2RS, respectively, at BLER of 10-2. Both the DQPSK and QPSK-2RS achieve improved performance at higher UE speed due to increased time diversity, while the QPSK-1RS shows  relatively poor performance due to poor channel estimation at high UE speed.
· As for channel estimation quality, the DQPSK is slightly worse than the QPSK-2RS. However, in the coded BLER, the DQPSK outperforms the QPSK-2RS by 0.3 – 0.5 dB at the BLER range of 10-2 – 10-3. This performance gain of the DQPSK over the QPSK-2RS comes from reduced RS overhead, which brings about more coding gain.
4 Conclusion
In conclusion, we have compared transmission schemes for CQI feedback in the absence of uplink data.  For 5 bit CQI transmission with a rate-1/2 convolutional coding, the differential QPSK is found to give the best performance regardless of the UE speed. The performance gains over the QPSK-1RS and QPSK-2RS are 0.7- 4.5 dB and 0.3 – 0.5 dB, respectively, depending on the UE speed, at the BLER range of 10-2 – 10-3.
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