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1 Introduction
In its #47’th meeting in Riga RAN-1 has endorsed [1] types A and B CQI / PCI information signaled over the HS-DPCCH to support dual and single stream MIMO respectively. The coding generator matrix for both types is defined in square brackets in table 14A in [1]. It was further endorsed [2] that types A and B are staggered as controlled by the network. 
In meeting #47bis in Sorrento RAN-1 has noted contributions from Philips [4, 5] and InterDigital [3] and concluded that RAN-1 will continue work on selecting CQI/PCI coding scheme based on 10 base vectors, focusing on a (20,10) code and a (20,7) sub-set code.
In this contribution we discuss a coding scheme based on the above. The scheme results in better error performance for Type B CQI/PCI than current proposal, while maintaining the same Type-A error performance as in [1] and is in fact equivalent to it. We propose to adopt the coding scheme in this document or an equivalent coding scheme.
2 Baseline coding scheme
For convenience, we reproduce the table 14A and the procedure for Type B coding below from [1]. 

“In case a type B CQI needs to be reported, the composite precoding control indication and channel quality indication is coded using a (20,7) code. The code words of the (20,7) code are a linear combination of the first 7 basis sequences denoted Mi,n defined in the table 14A.

The output code word bits bi are given by:
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Equation 1
where i = 0, …, 19.”
This code results in a minimum distance of 6 for both types A and B. While 6 is the maximum minimum distance for a (20, 10) code, it is known that for a (20, 7) code there is a code with minimum distance of 8.
Table 14A: Basis sequences for channel encoding of composite PCI/CQI reports

	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9

	0
	[1]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]

	1
	[0]
	[1]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]

	2
	[0]
	[0]
	[1]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]

	3
	[0]
	[0]
	[0]
	[1]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]

	4
	[0]
	[0]
	[0]
	[0]
	[1]
	[0]
	[0]
	[0]
	[0]
	[0]

	5
	[0]
	[0]
	[0]
	[0]
	[0]
	[1]
	[0]
	[0]
	[0]
	[0]

	6
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[1]
	[0]
	[0]
	[0]

	7
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[1]
	[0]
	[0]

	8
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[1]
	[0]

	9
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[1]

	10
	[1]
	[0]
	[0]
	[0]
	[1]
	[0]
	[1]
	[1]
	[1]
	[1]

	11
	[1]
	[1]
	[0]
	[0]
	[0]
	[1]
	[0]
	[1]
	[1]
	[1]

	12
	[0]
	[1]
	[1]
	[0]
	[0]
	[0]
	[1]
	[0]
	[1]
	[1]

	13
	[1]
	[0]
	[1]
	[1]
	[0]
	[0]
	[0]
	[1]
	[0]
	[1]

	14
	[1]
	[1]
	[0]
	[1]
	[1]
	[0]
	[0]
	[0]
	[1]
	[0]

	15
	[1]
	[1]
	[1]
	[0]
	[1]
	[1]
	[0]
	[0]
	[0]
	[1]

	16
	[1]
	[1]
	[1]
	[1]
	[0]
	[1]
	[1]
	[0]
	[0]
	[0]

	17
	[0]
	[1]
	[1]
	[1]
	[1]
	[0]
	[1]
	[1]
	[0]
	[0]

	18
	[1]
	[0]
	[1]
	[1]
	[1]
	[1]
	[0]
	[1]
	[1]
	[0]

	19
	[0]
	[1]
	[0]
	[1]
	[1]
	[1]
	[1]
	[0]
	[1]
	[1]


3 Alternative coding scheme
In this tdoc we present a new code generating matrix G1 for type-A and its subset for type-B that has the following properties:

1) Type-A performance is unchanged relative to [1].

2) Type-B basis vectors are composed of the first 7 rows of type-A code without need for a precoder which corresponds to the way forward indicated by RAN-1 in Sorrento.
3) Type-B performance is practically identical to the proposal in [6] 

Table 1: G1 Code generating matrix
G1’ = 

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

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

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

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

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

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

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

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

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

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

For type-A, both G1 and baseline G in [1] are equivalent (20,10,6) codes that attain the maximum minimum distance property and have the uniquely smallest number of minimum weight words (40).  The weight distribution is given for reference:
Wd(G1)|A = Wd(G)|A =  0, 0, 0, 0, 0, 40, 160, 130, 0, 176, 320, 120, 0, 40, 32, 5

The resulting Type-B code has a minimum distance d=7 with the following weight distribution:
Wd(G1)|B =  0, 0, 0, 0, 0, 0, 19, 29, 0, 0, 42, 34, 0, 0, 3, 0
Which is comparable to the precoder-based code used in [6]:

Wd(G2)|B =  0, 0, 0, 0, 0, 0, 20, 16, 0, 32, 40, 12, 0, 0, 4, 3   
4 Analysis Results
In this section we discuss the performance of the proposed coding schemes above (G in table 14A in [1] and the new proposed code G1) and compare them to those proposed in [3] and the precoder-based code in [6]. All performance results have been obtained for soft-decision ML decoder in AWGN channel.
For the plots below:

· G is the generator matrix for the baseline code from [1]

· G1 is the generator matrix for the proposed new code

· G2 is  the precoder-based code in [6]

· The EEP and UEP codes are the (20,7,8) non-subset codes in [3]

First we compare (figure 1) the type-A message BLER (all 10 bits) performance between code G in [1] and the new proposed coding scheme, G1. As a reference we also provide the results from the precoder-based code in [6]. As expected, the BLER is confirmed to be identical (to within the capability of the simulation). Sub-field performance for this case, also identical, can be found in the appendix.
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Figure 1: Comparison of type-A performance between G1 and G in [1]
Next we compare results for type-B coding. In figure 2 we compare the 7-bit BLER for the new G1 and the baseline G alongside G2, EEP and UEP. As can be seen G1 is practically identical to G2 and is better than the baseline G by about 0.6dB at 1% BLER and almost as good as the non-subset codes in [3]. Similar results related to CQI and PCI BLER can be found in figures 3 and 4 respectively. As expected, UEP and EEP are better as they are not limited to be a subset but not by much. 
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Figure 2: 7-bit BLER for type-B
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Figure 3: CQI BLER for type-B
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Figure 4: PCI BLER for type-B
Next in figure 5, we present the CQI RMS error measurement of CQI values. As can be seen the (20, 7, 8) UEP and EEP from [3] are the best. The proposed code in G1 is practically identical to G2 and both much better than [1] although not quite as good as the EEP, UEP codes.
The actual benefits depend on the chosen work point and can be used to lower the SNR (saving power) or improve RMS error or both; The example in table-2 shows that it is possible to both lower the SNR required to keep the same BLER while simultaneously  reducing the CQI RMS error. 
Table 2: Example of benefits of proposed code

	Desired CQI BLER
	G in [1]
	Proposed G1

	
	SNR [dB]
	RMS error
	SNR [dB]
	RMS error

	1%
	-0.4
	1.9
	-1
	1.2

	5%
	-1.8
	8
	-2.6
	6.3
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Figure 5: RMS for Type B CQI information

Finally, we show the BLER for both Type A and Type B coding schemes. We can see that if either G1 or G2 codes are used, the SNR difference between Type A and Type B subset codes is about ~ 1.3 dB as opposite to ~ 0.7 dB in current proposal in [1].
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Figure 5: Message BLER for Type A and Type B
5 Discussion 

We have presented a new coding generator matrix for Type A CQI/PCI coding and a corresponding subset of this generator matrix that yields a generator matrix for the type-B CQI/PCI coding.  The BLER for the type-A code is minimal for (20,10) codes and is equivalent to the code in [1].   The type-B code is improved in both BLER and CQI RMS error compared to [1] and its generator matrix is a subset of the type-A generator matrix as agreed in Sorrento. 
6 Proposal
We propose to use the G1 generator matrix for the Table 14A in [1]. 
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8 Appendix: Type-A results
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