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1. Introduction

A number of discussions about uplink CQI(Channel Quality Indicator) coding method for HSDPA have been proposed. [1][2][3][4][5] The exact structure of uplink CQI coding method has not yet decided in RAN1. However, the TFCI coding method in R99 [6] is decided for the baseline of CQI coding. This paper compares the various coding methods based on the TFCI coding with respect to BER performance, unequal error protection(RMS error reduction) and system throughput. The coding schemes have trade-offs between BER and unequal error protection. In order for fair comparison, it seems reasonable to consider the system throughput as one of criteria.

2. Proposed CQI coding method

The proposed CQI coding schemes are described very briefly.


2.1 Ericsson’s extended (16,5) TFCI code [2]
Fig.1 shows the generation method of extended (16,5) TFCI code in [2].
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<Fig. 1> Ericsson’s extended (16,5) TFCI code


2.2 Samsung’s punctured (32,5) TFCI code [4]

Fig. 2 illustrates the generation method for punctured (32,5) TFCI code in [4].
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	Puncturing pattern
	Used basis

	 2, 4, 5, 6, 8, 9,10,11,12,13,14,30
	M0,i, M1,i, M2,i, M3,i, M4,i


<Fig. 2> Samsung’s punctured (32,5) TFCI code


2.3 Philips’s extended (16,5) TFCI code [5]

In Fig 3, the generation method for another extended (16,5) TFCI code in [5] is depicted. Hereinafter, the basis sequence part which is the same as Rel99[6] will be omitted for convenience. In order to extend from (16,5) to (20,5), the basis sequence is extended and the extended parts are filled with yellow colour in table below.
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<Fig. 3> Philips’s extended (16,5) TFCI code

3. Considerations on CQI coding schemes

Some aspects in the proposed schemes are investigated for comparison.
3.1 Another representation of Ericsson’s extended (16,5) TFCI code

Ericsson’s extended (16,5) TFCI code can be represented using basis sequence representation. In Fig 4, the basis sequence is extended and the extended basis sequence parts are filled with yellow colour in table below. 
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<Fig. 4> Another representation of Ericsson’s extended (16,5) TFCI code

3.2 Equivalence of extended (16,5) [2] and punctured (32,5) TFCI code [4]
Ericsson’s codewords can be represented by cyclic shift form of Samsung’s codewords. Four right-hand cyclic-shift from the Samsung’s codeword makes the Ericsson’s codeword. It brings about the same code properties, like minimum distance, weight distribution, etc. Therefore two coding schemes are equivalent. For clarification, some codewords are shown in Table 1 below.

<Table 1> Codewords of Ericsson’s extended (16,5) TFCI code 

and Samsung’s punctured (32,5) TFCI code
	Samsung codewords
	Ericsson codewords

	Index:  MSB...LSB
	Index:  MSB...LSB

	00000: 00000000000000000000
	00000: 00000000000000000000

	00001: 01010101010101010001
	00001: 00010101010101010101

	…
	…

	11111: 11001011001101001111
	11111: 11111100101100110100


4. Comparison of CQI coding schemes

Ericsson’s CQI coding method is equivalent to that of Samsung. Moreover Ericsson/Samsung’s method can be represented by extended (16, 5) TFCI code like Philips’s method. Therefore, the CQI coding methods can be classified using the basis sequence table for extended (16,5) TFCI code. Note that the CQI coding methods are also expressed with punctured/repeated (32,5) TFCI code.

For convenience, the CQI coding schemes are categorized with respect to the basis sequence table for extended (16, 5) TFCI code. Then the Ericsson/Samsung’s extended (16,5) TFCI code is characterized as the basis sequence table in <Fig 4>. And the Philips’s extended (16,5) TFCI code is represented by the basis sequence table in <Fig 3>.

Just for more comparison results, we add the three additional cases in Table 2. One is extreme case in <Table 5> which has the highest MSB error protection capability. The others are moderate cases in <Table 3> and <Table 4>.

The coding schemes and performances will be varied according to the extended parts of basis sequence table. In this approach, to select optimum CQI coding scheme means just to find optimum extended part of basis sequence table.

We summarized in Table 2. 

We will compare the various CQI coding schemes with respect to BER, RMS error, and throughput.

<Table 2> Various CQI coding schemes

	CQI coding scheme
	Ericsson / Samsung
	Case 1
	Case 2
	Philips
	Case 3

	Basis Sequence Table
	See<Fig.4>
	See<Table3>
	See<Table4>
	See<Fig.3>
	See<Table5>

	Minimum distance
	9
	8
	8
	8
	8

	MSB error protection
	Low                                                                                   High


<Table 3> Basis sequence table for Case 1
    <Table 4> Basis sequence Table for Case 2

	I
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	
	I
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4

	0
	1
	0
	0
	0
	1
	
	0
	1
	0
	0
	0
	1

	…
	…
	…
	…
	…
	…
	
	…
	…
	…
	…
	…
	…

	15
	0
	0
	0
	0
	1
	
	15
	0
	0
	0
	0
	1

	16
	0
	0
	0
	0
	1
	
	16
	0
	0
	0
	0
	1

	17
	0
	0
	0
	1
	0
	
	17
	0
	0
	0
	0
	1

	18
	0
	0
	1
	0
	0
	
	18
	0
	0
	0
	1
	0

	19
	0
	1
	0
	0
	0
	
	19
	0
	0
	1
	0
	0


<Table 5> Basis sequence for Case 3

	I
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4

	0
	1
	0
	0
	0
	1

	…
	…
	…
	…
	…
	…

	15
	0
	0
	0
	0
	1

	16
	0
	0
	0
	0
	1

	17
	0
	0
	0
	0
	1

	18
	0
	0
	0
	0
	1

	19
	0
	0
	0
	0
	1


4.1 BER

The BER are investigated in Fig 5. The order of the BER performance is as follows: 

Ericsson/Samsung > Case 1 > Case 2 > Philips > Case 3
 ( ( better                           …                         worse (  )
The performance gap between the worst and the best is approximately 0.5 dB at BER 10-5. In Fig 5, x-axis represents the EbNo/slot and y-axis illustrates the bit error rate. The channel is AWGN channel. 
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<Fig 5> BER performance of CQI coding schemes

4.2 Unequal Error Protection

In order to measure the unequal error protection capability, we introduce the RMS(root-mean-square) error as the criterion like in [3]. The RMS error means the root mean square of difference between transmitted codeword and received codewords. The RMS error is averaged over all the codewords and is shown in Fig 6. The order of the RMS error reduction performance is as follows: 

Case 3 > Philips > Case 2 > Case 1 > Ericsson/Samsung

( ( better                           …                         worse (  )

The performance gap between the worst and the best is approximately 1.5 at –3dB EbNo/Slot. In Fig 6, x-axis stands for the EbNo/slot and y-axis expresses the normalized RMS error value. The AWGN channel is used in the simulation.
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<Fig 6> Normalized RMS error of CQI coding schemes

4.3 System Throughput

The system throughput is calculated using simplified system level simulation. We join together conventional analytic system level simulator and uplink CQI coding schemes. With combined system level simulation and uplink CQI coding, the BER and RMS error is considered at the same time. The detailed simulation assumptions are described in Annex A.

The system Throughput is shown in Fig 7. The throughput of BER performance is as follows: 

Case 3 > Philips > Case 2 > Case 1 > Ericsson/Samsung

( ( better                           …                              worse (  )

The throughput gap between the worst and the best is approximately 70 kbps at 3 dB. In Fig 7, x-axis represents the UL EbNo/slot and y-axis shows the throughput [bps].
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<Fig 7> System Level Simulation Results of CQI coding schemes
5. Conclusion

We showed that Samsung’s CQI coding method and Ericsson’s CQI coding method are equivalent. In addition, we classified the CQI coding schemes with respect to the extended basis sequence table. 

The BER and RMS error are studied. The system level simulation result is focused on as well. 

From performance point of view, there is a trade off between BER and RMS error. However HSDPA system has been designed in order to increase the system throughput. Therefore it could be desirable to use the system throughput as one of the criteria in order to select optimum CQI coding scheme.
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Annex A. Simulation Environments

· Cell layout:

19 hexagonal cells

3-sectors per cell

Distance between two cells=2.8km

· Measurement taken from centre cell

· Propagation condition: as in [7]

· Shadowing condition: 

correlation between sites=0.5

correlation within cell=1.0, standard deviation of log-normal = 8dB

· Channel: Single-lay (3km)

· HS-DSCH TTI: 2msec

· TFRC(Modulation and Coding Scheme)

TFRC1 (QPSK, R= 1/4)

TFRC2 (QPSK, R=1/2)

TFRC3 (QPSK, R=3/4)

TFRC4 (16QAM, R=1/2)

TFRC5 (16QAM, R=5/8)

TFRC6 (16QAM, R=3/4)

· HARQ: used

· CQI 

feedback delay: none

value selection: Not TFRC reference list, just SIR

· Number of HS-DSCH code used: 10 with SF=16
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