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1. Introduction
This paper considers the case when UE transmits only CQI on PUCCH but neither UL data nor ACK/NACK signals. It has been determined in 3GPP that UEs with such CQI transmission are code division multiplexed by means of different cyclic shifts of CAZAC sequences. A problem related to the CAZAC sequence modulation is the significant reduction in spectrum efficiency, since only one modulated sequence is transmitted by a particular UE during a LB. Correspondingly, the maximum symbol rate per UE is limited to one symbol per LB. In [1], this problem is addressed and enhanced CAZAC sequence modulation is presented allowing for larger CQI sizes. The proposed modulation is based on multi-sequence modulation.  In [1] it is illustrated   that multi-sequence modulation improving link performance against noise by 1-5 dB when the size of CQI is varied from 10 to 20 bits.  The reason behind the performance difference is the fact that multi-sequence modulation provides larger coding gain due to the larger symbol space. This issue is emphasised when considering the largest CQI sizes. 
In this paper we presents the performance comparison between  single- and multi-sequence modulation considering the PAR properties and sensitivity against power control error. 
2. Multi Sequence Modulation (MSM)

In MSM more than one cyclic shifts 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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3. Sensitivity against power control error
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. The CQI size of 10 bits is considered.  Power control error is modelled  as constant power difference between UE of interest and the interfering UE.
Table 2 Simulation parameters
	Number of information bits
	10

	Channel
	TU (3 km/h)

	Number of RS blocks 
	2

	Channel code
	Block Code

	Receiver
	MRC

	Modulation
	QPSK

	Transmission bandwidth
	180 kHz

	Frequency hopping
	At slot boundary

	Number of UE’s
	2

	Power control error
	0-30 dB


In simulations consecutive cyclic shift pairs are allocated to multi-sequence modulation without any guard shift wheras one guard shift is used in single-sequence modulation in order to reflect 6 simulataneus UEs for both options.
Table 3  Allocated Cyslic sifts
	
	       SM
	  MSM

	UE #1
	        0
	   0,1

	UE #2
	        2
	   2,3


The CQI BLER as function of  power difference between adjacent code channels are shown in Figure 3. They illustrate that multi-sequence modulation (MSM) outperforms single-sequence modulation (SM) by 0.3  dB. The main reason behind the performance difference is the larger coding gain of  MSM compensates increased interference. 
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Figure 3 CQI BLER 
4. PAR Comparison
The cdf for CM is presented in Figure 4. The used sequences are given in [2]. The CM was calculated over long time avarege of PUCCH channel with random QPSK constellations.  All possible cyclic shift pairs {0, 1}, {2, 3},…, {10, 11} and all sequences (30) are considered.  In slots, LB#2 and LB#6 were used as pilot symbols, and the consider sequence was used as a reference.  
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Figure 4. CDF of the Cubic Metric for sequences presented in [2].
5. Conclusion

In this contribution, we addressed the CM properties and sensitivity against power control error  of multi-sequence modulation, which is needed in order to increase CQI size for periodic CQI.  
With presented results, we have shown that 

· The multi-sequence modulation have slightly better resistance against power control error than single-sequence modulation

· The maximum CM increment over QPSK   is 0.3 dB 
Because the CM increment is less than the link level gain  1-5 dB [1] (CQI size 10-20 bits),  the multi-sequence modulation to be used as default modulation for CQI sizes larger than 5 bits. 
Multi-sequence modulation has shown to be able to increase the number of transmitted bits/per subframe and coverage on PUCCH. Therefore we propose to include multi-sequence modulation into the 3GPP LTE specifications. 
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