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1. Introduction

This paper deals with CQI transmitted on PUCCH. We concentrate on the case when the UE is transmitting only CQI but neither the UL data nor the ACK/NACK signals.  It has been determined in 3GPP that UEs having a CQI transmission are CDM multiplexed by means of different cyclic shifts of CAZAC sequences.   However, a problem that arises in relation to CAZAC sequence modulation is the significant reduction in spectrum efficiency, since only one modulated CAZAC sequence can be transmitted by a particular UE during a LB. Correspondingly, the maximum symbol rate per UE is limited to one symbol per block. While the spectrum efficiency could be increased by transmitting multiple modulated CAZAC sequences simultaneously, this approach would suffer from a high PAR (Peak to Average Ratio) requiring either increased UE power consumption or a decrease in CQI coverage.  In this contribution we provide an enhancement for CAZAC sequence modulation that utilizes a precoding technique for reducing PAR with a multi sequence transmission.  Further, the link level performance benchmarking between CAZAC sequence modulation and enhanced CAZAC sequence modulation are presented.
2. Multi Sequence Modulation (MSM)
In MSM more than one cyclic sifts of root sequence can allocated to one UE in order to increasing symbol space and precoding technique is used in order to decrease PAR.  The transmitter structure is shown in Figure 1.  The output of the encoder is an input to a modulation and precoding block.  After modulating and precoding the modulated and precoded bit stream is multiplied by m th and  n th cyclic shifts of the same root sequence. Finally, modulated sequences are combined an input to IFFT.  

[image: image1]
Figure 1 MSM transmitter

The precoding scheme can be implemented either as a DFT spreader or specific constellation mapping table. The principle of DFT spreading is shown in Figure 2. An input of DFT is a block of symbols coming from the de-modulator DFT operation generates a block of symbols for multi-sequence modulator. The size of DFT input and output equals to the number of cyclic shifts allocated to particular UE.
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                                                                    Figure 2 DFT precoder
An alternative realization of the  precoding scheme is shown in Table 1. It presents an example of direct constellation mapping table for two cyclic shifts.. 

Table 1 Four-bit mapping into two complex-valued modulated symbols,  x=I+jQ
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The CM properties of the multi-sequence modulation are studied more carefully in [2], and it is shown that the cyclic shifts can be selected to consecutive without significantly increasing CM over the CM of basic sequence modulation. In [2], it is also shown that with proper sequence selection the CM of MSM can be made to be 1 dB or less.
3. Performance Comparison
Table 2 summarizes the main parameters used in the link simulations. The results have been obtained assuming practical receiver and realistic channel estimation algorithms. Slot-based frequency hopping and TU channel with UE speed of 3 km/h were assumed. Three different CQI sizes were considered, namely, 10 bits, 15 bits and 20 bits. Tail-biting convolutional code with constraint length 9 was applied. We note that block codes will perform better than convolutional codes with the considered CQI sizes. However, as the main focus of this contribution is to compare the performance of two transport formats, convolutional codes were selected to provide fairer comparison between these methods. 
Performance results are shown in Figure 3. They illustrate clearly that MSM outperforms CSM by 1-5 dB depending on the CQI size. The main reason behind the performance difference is the fact that MSM provides larger coding gain due to the larger symbol space. This issue is emphasises when considering the largest CQI sizes. 

Table 2 Simulation parameters
	Number of information bits
	10, 15, 20

	Channel
	TU (3 km/h)

	Number of RS blocks 
	2

	Channel code
	Tail-biting convolutional code, constraint length 9

	Receiver
	MRC

	Modulation
	QPSK

	Transmission bandwidth
	180 kHz

	Frequency hopping
	At slot boundary

	Number of UE’s
	6 
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Figure 3 CQI link performance as a function of SNR.
4. Conclusion

In this contribution we presented multi-sequence modulation in order to increase CQI size.  We compared the link performance of multi-sequence modulation and single sequence modulation. Results showed that that multi-sequence modulation performs better than single sequence modulation with all the considered CQI sizes and with the entire SNR range.  Based on these facts we propose that multi-sequence modulation should be selected as a working assumption for CQI transmitted on PUCCH. 
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