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1 Introduction

This document discusses our current investigation on CQI-only transmission schemes in PUCCH. It was agreed in RAN1#49 that there could be 3 different types of CQI report namely, wideband CQI, multi band CQI and CQI for MIMO. In case of multi band CQI and MIMO CQI reports, there is a need to transmit more than 10 information bits per CQI report. In [2], a multi-sequence assignment scheme is discussed where it is proposed to assign more than 1 cyclic shifts of CAZAC sequence per UE and an enhanced modulation scheme in order to reduce the cubic metric (CM). We basically agree considering multi sequence modulation, as it would be beneficial when more than 10 CQI bits need to be transmitted per CQI report. We propose to consider a different modulation scheme than in [2] that promises a good trade off between BLER performance and CM performance.

Currently we are investigating the aspects of multi sequence modulation and its impact on CM and BLER performance. This contribution describes the concept of assigning multiple cyclic shifts of CAZAC sequence per UE and the different candidates suitable for the modulation schemes. Further, we present our initial results on the different modulation schemes based on CM property. Our initial CM analysis shows that QPSK cannot be a candidate when multi shifts of a sequence are assigned per UE.
2 Multi sequence modulation schemes

As agreed in RAN1#49, following types of CQI are recognised

· Wide band CQI report – up to 5 bits (SIMO)

· Multi band CQI report – up to 5 bits per sub band (SIMO) [1]
· CQI for MIMO - FFS

Assuming code rate of ½, QPSK modulated, and with one shift of the CAZAC sequence, a UE shall transmit 10 bits per subframe in a PUCCH. However in case of multiband / MIMO CQI reporting, more information bits are required to be transmitted in a single CQI report. In order not to restrict the UE to transmit a CQI report with a maximum of 10 bits per subframe , we consider to assign   multiple shifts of CAZAC sequences to a UE. Further, by transmitting more than 10 bits per subframe, we can reduce the delay in transmitting a CQI report and hence the system performance is improved.

Assuming multiple cyclic shifts of CAZAC sequence assignment, we identify 3 different methods to map the CQI bits on to the PUCCH.

a) QPSK: We use 2 shifts of a CAZAC sequence to transmit CQI bits. The different QPSK symbols are mapped on to 2 shifts as shown in Figure 1a).
b) Enhanced modulation-9 4 encoded bits are mapped parallely onto two different complex valued modulated symbols. [2] Employs a technique in which the inner constellation points in a 16-QAM converge at the axes. In a way, there are 9 active points in a 16-QAM. 

c)  Enhanced modulation-16: This is conceptually similar to b) but the number of active points is 16 as that of a normal 16-QAM. This is similar to the technique used in WiMedia’s multi band OFDM (Dual Carrier Modulation) [5]. 
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Schemes b) and c) are similar and it is shown in Figure1b) 



Figure 1 Modulation schemes using a) QPSK b) Enhanced modulations

As can be noticed in Figure 1, using enhanced modulations, same symbols are transmitted twice. In a way, with these schemes we achieve additional diversity, which is not possible by employing QPSK since each modulated symbol is transmitted once. The main concerns are the BLER performance and the CM properties when different number of cyclic shifts and modulation schemes are used. Based on our investigation, we believe that enhanced modulation schemes have a better performance than that of QPSK in terms of BLER.

3 Performance evaluation and discussion

In general, using single CAZAC sequence per CQI report, QPSK has a better CM performance than the higher order modulation schemes. However this doesn’t hold true when multi cyclic shifts of CAZAC sequence is assigned per CQI report. The higher order modulation schemes such as enhanced modulation-9 and enhanced modulation-16 has a better CM performance than QPSK when 2 cyclic shifts of CAZAC sequences are assigned per CQI report as shown in Table1. Since CM is one of the important properties in the uplink it is important to achieve a reasonable CM performance using multiple shifts compared to that of single sequence modulation. In other way, the degradation in CM performance due to multiple shifts assignment shouldn’t be critical. 

Table 1 shows the statistical details of our current analysis on CM performance. Further cubic metric performance results of the 3 mentioned modulation schemes could be found in Appendix A. It can be seen that with multiple cyclic shifts of CAZAC sequence assignment, QPSK has a worse performance than the 2 enhanced modulation candidates. The current results are based on CG-CAZAC [4]. We are aware that there are other possible CAZAC sequences. The impact of different sequences on modulation scheme is FFS. Further in our current simulation we considered the 1st sequence of CG-CAZAC[4] and evaluated the CM performance for all possible combinations of cyclic shifts. All the other possible combinations would also be analysed in the future.
Note that  [2] shows a link level performance of CQI using single sequence and multi sequence modulation. Our initial results in Appendix A show that proper selection of cyclic shifts of a sequence is useful to study the CM performance as it can reduce the CM for multi shifts transmission. We are further evaluating the different aspects of multi cyclic shifts assignment and the modulation schemes for all the base sequences in terms of CM, spectral efficiency and complexity.

	Cubic metrics (dB)
	Enhanced modulation-16
	Enhanced modulation-9
	QPSK 

	Minimum
	0.95
	1.01
	1.52

	Maximum
	2.72
	2.34
	3.20

	Mean
	1.81
	1.53
	2.24

	Standard deviation
	0.37
	0.31
	0.48


Table 1: Statistical details of CM performance results with multiple shifts of CAZAC sequences

It is shown in [2] that the enhanced modulation has a better BLER performance than a single sequence - QPSK. We are investigating the BLER performance of the 3 modulation schemes in various Doppler / UE speed and various channel conditions. Our preliminary results show that enhanced modulation-16 has a better performance in terms of BLER than enhanced modulation-9 and QPSK. Our detailed link level simulation results will be presented in the next meeting.

4 Conclusions
In this contribution we discussed the multi sequence CQI transmission and modulation schemes in PUCCH. We suggest to consider multi sequence modulation, as we believe it would be beneficial when UE has to transmit more than 10 information bits per CQI report. 

In case of assigning multi cyclic shifts of a CAZAC sequence, it is clear from our CM performance results that QPSK cannot be employed. Therefore we propose to use enhanced modulation schemes.

The CM difference between enhanced modulation-9[2] and the considered enhanced modulation-16 is quite close. Our preliminary results show that enhanced modulation-16 has better performance than enhanced modulation-9 in terms of BLER. The detailed link level performances of the schemes are under investigation.
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6 Appendix A

Figure 1 shows the cubic metric performance results for the 3 modulation schemes using multi sequences. The results was obtained using the following simulation parameters listed in Table 2

	FFT size
	2048

	CP
	144 samples

	Data Bandwidth
	12 subcarriers

	Spreading
	CG-CAZAC [2], Sequence 1, and all possible combinations of cyclic shifts for multi CAZAC sequence assignment

	Modulation
	1. QPSK

2. Enhanced modulation 

3. 16-QAM 


Table 2: Simulation parameters for CM analysis

Figure 1: Cubic metric performance analysis for multi cyclic shifts of CAZAC sequence assignment
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