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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, multiband 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. We discuss different methods of transmitting larger CQI reports such as concatenation of multiple subframes and transmitting larger CQI report within a same subframe. To transmit the larger CQI report within a subframe, higher order modulation schemes could be employed or multiple cyclic shifts of CAZAC sequence could be assigned per UE. In [1] and [4], multiple shift assignment schemes are discussed where it is proposed to assign more than 1 cyclic shift of a CAZAC sequence per UE. We are investigating the different possible ways to support large CQI report and we present our current evaluation results. 

2 PUCCH – CQI transmission for larger report size

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

a) Wideband CQI report – up to 5bits (SIMO)

b) Multiband CQI report – up to 5 bits per sub band (SIMO)

c) CQI for MIMO – FFS

In some cases, a larger amount than 10 bits of CQI information is required. Then, there are several possible ways to support these larger CQI reports:

1) Transmission within a single subframe

a. Higher order modulation scheme with single shift assignment

b. Multiple cyclic shift assignment per UE

2) Concatenation of multiple subframes

2.1 Single subframe schemes

2.1.1 Higher order modulation schemes

Currently, each UE is assigned with a single cyclic shift sequence. The CQI information bits are QPSK modulated and transmitted in a PUCCH. Considering the code rate of ½ the number of CQI information bits that can be transmitted within a subframe is 10.  Assuming a CAZAC sequence of length 12, 6 UEs can be multiplexed within a subframe of 1 RB. By allowing higher order modulation scheme such as 16-QAM, the number of information bits transmitted can be doubled compared to QPSK. This comes at the cost of loss in BLER performance and higher CM. The configuration of higher order modulation for a given UE could be semi-static. 

2.1.2 Multiple cyclic shifts assignment 

In multiple shift assignment, in order to increase the size of CQI report, each UE is assigned with 2 cyclic shifts. This can achieve a reasonable performance gain when compared to 16-QAM (as shown in section 3). However, this gain in performance comes at the cost of an additional cyclic shift usage. In other words by assigning 2 cyclic shifts for selected UEs, the number UEs multiplexed within a subframe of one RB is reduced. Assuming adjacent cyclic shifts can be assigned to the same UE but not to different UEs, the number of UEs multiplexed would be 4, in case all UEs are assigned 2 cyclic shifts. If adjacent cyclic shifts cannot be assigned to the same UE, then the number of UEs multiplexed is further reduced. There should be a trade off between the UE multiplexing and the BLER performance. 

With multiple shift assignments, a significant performance gain could be achieved if an efficient modulation scheme is chosen. We see 3 candidates for the modulation scheme,

· QPSK –2 cyclic shifts per UE are used. Assuming a code rate of ½, 20 CQI information bits can be transmitted. The 1st 10 QPSK symbols are mapped to the 1st cyclic shift and the 2nd 10 QPSK symbols are mapped to the 2nd cyclic shift.

· Enhanced modulation-9 [4] – In enhanced modulation, encoded bits are mapped in parallel onto 2 different complex symbols. These 2 complex symbols are mapped to 2 different cyclic shifts.  

· Enhanced modulation-16 [1] – This is similar to enhanced modulation-9, but we use a 16-QAM constellation. This is a similar technique used in WiMedia’s Multi band OFDM (Dual Carrier Modulation) [5]
2.2 Concatenation of multiple subframes

An alternative option to increase the CQI report size is by concatenating multiple subframes where more resources are allocated in time [2][3]. The transmission of CQI report by concatenation of subframes comes at the cost of an additional cyclic shift usage per UE in time domain. Some merit may be that the resource assignment of a cyclic shift usage could be similar to normal CQI report case since each UE within a subframe is assigned a single cyclic shift sequence. Further, subframe concatenation introduces additional delay of the CQI feedback. This is still an open issue in RAN1 and we are currently investigating this approach.

3 Performance evaluation

We evaluated the different possible methods of transmitting large CQI report within a single subframe as described in section 2.1. In our opinion, the selection of the schemes should mainly depend on the BLER performance, complexity and code resource usage. 

3.1 Discussion on BLER performance

The link level simulations according to the assumptions given in Table 1 in the Appendix were carried out. The BLER performance is evaluated for single UE scenario where the interference between 2 cyclic shifts within same UE in case of multiple shift assignment is taken into account but the interference due to the other UEs is not considered. The results are shown in Figure 1, where the following schemes are evaluated for a TU 3km/h channel:

· Single sequence

· QPSK 

· 16-QAM

· Multiple shifts assignment

· QPSK

· Enhanced modulation –9 [4]
· Enhanced modulation – 16 [1] 

From the BLER performance results, it can be seen that for a CQI size of 20 information bits, the multiple shift assignment methods perform better than the single shift QPSK and 16-QAM. Though 16-QAM uses a single shift the BLER performance of 16-QAM is worse than the multiple shift assignment schemes by approximately 2-3 dB depending on the modulation schemes chosen. We are currently further evaluating the different modulation schemes for the multiple shift assignments under different conditions.
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Figure 1: BLER performance of single shift and multiple shifts assignment schemes

3.2 Discussion on CM performance

The CM performance results can be found in Figure 2 in the Appendix. In our opinion large CQI reports are not required in power-limited conditions. In other words, we consider the scenario for a large CQI report to be mainly for the cell centre UEs. For cell edge UEs transmitting a smaller CQI report could be sufficient since the CQI report may not have to be very detailed. Cell centre UEs have sufficient transmission power and hence CM is not an important evaluation criterion in our opinion.  

4 Conclusions
In this contribution we discuss different methods of transmitting larger CQI reports, mainly focussing on large CQI reports within a subframe. We present the simulation results showing the performance of different single and multiple cyclic shift assignments schemes. From the simulation results, for large CQI reports within a subframe, the multiple cyclic shift transmission methods have a better BLER performance than the single cyclic shift sequence transmission, but require more resources. Since the large CQI reports are mainly applicable for cell centre UEs, the CM performance is not an important criterion in our opinion. We are further evaluating the various transmission schemes to narrow down the methods to transmit large CQI reports.
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6 Appendix

The simulation parameters are listed below in Table 1,

Table 1: Simulation parameters

	Number of information bits
	 20

	Encoder
	Tail biting convolution code, rate 1/3, constraint length 7

	Mapping & rate matching
	· QPSK, no coding

· Enhanced modulation-9, rate 1/2
· Enhanced modulation-16, rate 1/2
· 16-QAM, rate 1/2

	CAZAC sequence spreading
	RAZAC [6]

	Channel model
	TU 3km/hr

	Channel estimation
	Realistic channel estimation

	System bandwidth
	5 MHz 

	Receiver
	LLR type combining at bit level

	Number of RS blocks 
	2

	Number of cyclic shifts per subframe 
	Single shift - 1 cyclic shift for a UE 

Multiple shift assignment - 2 adjacent cyclic shifts for a UE 

	Data Bandwidth
	12 subcarriers

	Number of UEs
	1

	Hopping 
	Frequency hopping at slot boundary


Figure 2 shows the cubic metric performance of different schemes under single shift and multiple shift transmission methods.  The enhanced modulation-9 has a performance similar to QPSK-single sequence. The 16-QAM and QPSK – multiple shifts have a higher CM whereas the enhanced modulation – 16 has an intermediate performance.
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Figure 2: CM performance of different schemes
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