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1 Introduction
In its #47 meeting in Riga RAN-1 has endorsed [1] type A and B CQI / PCI information bits to support dual and single stream MIMO, respectively. It was further endorsed [2] that types A and B are staggered as controlled by the network. The specific code has been left for further discussions.
In this contribution we discuss two different linear codes for type-B, both resulting in better error performance than the one in current proposal. 
2 Current coding scheme
In [1] both the (20, 10) code for type-A and the (20, 7) code for type-B CQI / PCI coding are produced from table 14A and result in a minimum distance of 6. Type-B coding scheme is reproduced 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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where i = 0, …, 19.

This code results in a maximum minimum distance of 6.

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

Instead of the above code we could use a minimum distance 8 linear (20,7) block code with minimal number of minimal weight code words and nominally equal error protection (EEP) to all bits. The generator matrix for this code is provided in Table 2 and corresponds to the bit placement in [1], reproduced in Table 1. 
Table 1: PCI / CQI bit placement in [1]

	PCI-0
	PCI-1
	CQI-0
	CQI-1
	CQI-2
	CQI-3
	CQI-4


Table 2: Generator matrix for Equal Error Protection (20, 7) code
	1
	0
	0
	0
	0
	0
	0

	0
	1
	0
	0
	0
	0
	0

	0
	0
	1
	0
	0
	0
	0

	0
	0
	0
	1
	0
	0
	0

	0
	0
	0
	0
	1
	0
	0

	0
	0
	0
	0
	0
	1
	0

	0
	0
	0
	0
	0
	0
	1

	1
	1
	1
	1
	1
	1
	0

	1
	0
	0
	0
	0
	0
	1

	0
	1
	1
	1
	0
	0
	1

	0
	1
	0
	0
	1
	1
	1

	0
	0
	1
	0
	1
	1
	1

	1
	0
	1
	1
	1
	0
	1

	1
	1
	0
	1
	0
	1
	1

	1
	0
	0
	1
	1
	1
	1

	0
	0
	1
	1
	0
	1
	1

	1
	1
	1
	0
	1
	0
	1

	0
	1
	0
	1
	1
	0
	1

	1
	1
	1
	0
	0
	1
	1

	0
	0
	0
	0
	0
	1
	1


Alternatively we could use a non-optimal (in the classic sense) block code that still has the same (=8) minimum distance. However the weight distribution of the code is non optimal and has been altered to offer better protection to the most significant bit (MSB) of the CQI value (Unequal Error Protection or UEP). UEP schemes have been used for CQI reporting in rel-5.
A better protection of the MSB of CQI value is desirable as it reduces the probability of large magnitude errors in CQI at Node-B at the expense of a slightly higher probability of error. Both PCI errors and small magnitude CQI errors have a small impact on system performance while large magnitude CQI errors have a significant impact. Therefore better error protection provided to the MSB of CQI in this code could be beneficial.  

The UEP code generator matrix is provided in Table 3.

Table 3: Generator matrix for Unequal Error Protection (20, 7) code
	1
	0
	0
	0
	0
	0
	0

	0
	1
	0
	0
	0
	0
	0

	0
	0
	1
	0
	0
	0
	0

	0
	0
	0
	1
	0
	0
	0

	0
	0
	0
	0
	1
	0
	0

	0
	0
	0
	0
	0
	1
	0

	0
	0
	0
	0
	0
	0
	1

	1
	1
	1
	1
	1
	1
	0

	1
	0
	0
	0
	0
	0
	1

	0
	1
	1
	1
	0
	0
	1

	0
	1
	0
	0
	1
	1
	1

	0
	0
	1
	0
	1
	1
	1

	1
	0
	1
	1
	1
	0
	1

	1
	1
	0
	1
	0
	1
	1

	1
	0
	0
	1
	1
	1
	1

	0
	0
	1
	1
	0
	1
	1

	1
	1
	1
	0
	1
	0
	1

	0
	1
	0
	1
	1
	0
	1

	1
	1
	1
	0
	0
	1
	1

	0
	0
	0
	0
	0
	0
	1


4 Analysis Results
In this section we compare the performance of the two coding schemes above between themselves and to type-A and type-B in [1]. All performance results have been obtained for soft-decision ML decoder in AWGN channel.
First we compare the message BLER (i.e. for both PCI and CQI together) between [1] (types A and B) and the proposed optimal (EEP) code. As can be seen in Figure 1 at e.g. 1% BLER, the optimal code results in an approximate improvement of 0.8dB over [1] and approximately 1.5dB over type-A in [1].  As type-B also has lower information content equivalent to 1.5dB lower Eb/No, it shows that the proposed optimal code is as good as the type-A (20, 10) code in [1], however the (20, 7) code in [1] is poorer. 
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Figure 1: Message BLER; “proposed” is Equal Error Protection code
Figure 2 below shows the BLER of CQI alone for type-B message for the codes discussed above. As can be seen the performance of EEP and UEP is practically identical (<0.1dB) and both are significantly improved (~0.8dB) relative to [1].
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Figure 2: CQI BLER for Type B
In a similar manner Figure 3 shows that the BLER performance of PCI alone is nearly identical for UEP and EEP and improved relative to [1] although that improvement is slightly smaller than CQI or whole message improvement (~0.6dB).
[image: image4.emf]-3 -2.5 -2 -1.5 -1 -0.5 0 0.5 1

10

-4

10

-3

10

-2

10

-1

Coded Bit SNR (dB)

PCI BLER

(20,7,8), EEP

(20,7,8), UEP

(20,7,6) in [1]


Figure 3: PCI BLER for Type B

In Figure 4 we show the standard deviation of CQI for the three coding schemes. As can be seen the standard deviation of the EEP and UEP schemes is similar and significantly better than [1]. This is the result of the standard deviation being dominated by the correct reception (also similar for EEP and UEP and better than [1]), not by the error itself.
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Figure 4: Standard Deviation for Type B CQI information
Finally in Figure 5 we consider the conditional standard deviation of the CQI errors assumed erroneous reception in Node-B for the various coding schemes. (i.e. correct reception is not considered in the statistics for computing the standard deviation).  As can be seen the standard deviation of both EEP scheme and [1] is approximately equal while the UEP is approximately 15% better for essentially same BLER.
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Figure 5: Conditional Standard Deviation for Type B CQI information (conditioned on error event)
5 Discussion 

We have presented two codes for type-B CQI / PCI coding, an equal error protection code (EEP) and an unequal error protection code (UEP) that protects better the CQI MSB. Both coding schemes result in performance improvement over the code in [1]. The UEP scheme chosen shows a modest reduction (~15%) in the magnitude of CQI errors at Node-B with a <0.1dB SNR penalty required to achieve same BLER.
6 Proposal
We propose to use either of the proposed EEP or UEP codes or equivalent. 
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8 Additional studies
2 issues to decide:

1) How much are we willing to pay for keeping (20,7) a subset of (20,10)?

2) What is the right tradeoff of CQI (and PCI) BLER with CQI RMS?

3) At what SNR?

Philips (old) code is 0349

Philips (new) code is from 0557
Conclusions so far:

· If one prefers the subset code concept, then there are only two proposals on the table. 

· One is in [1] which the Type A code is an optimal EEP (20,10,6) code, where subset EEP Type B (20,7,6) code is not as optimal as one likes. Optimal d_min for type B code is 8.

· The other is from Philips (new), with UEP and some unprotected bits. The starting code is a (15, 4, 7) BCH code. For Type B, add 3 unprotected bits; further, for Type A, add 6 unprotected bits.

· There is a somewhat better subset code if we allow some unprotected bits in CQI –- i.e.,  a 1st  order Reed-Muller (16,5, 8) code as the starter. For type B code, we will have (20,7) code with just 2 unprotected bits added to the original 1st RM code. Similarly, for Type A code, there will be just 5 unprotected bits added to the 1st RM code. 
· It is represented in the curves as 1st RM, 2 bit unprotected

· If one allows non-subset code concept, then, our Type B EEP code or Type B UEP code will outperform the subset codes mentioned in above three codes (one in [1], one from Philips today, and one from us 1st order RM code with unprotected bits).
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Figure 6: (corresponding to Fig 2) 5-bit CQI BLER
· The blue curve is InterDigital EEP Type B code with minimum distance of codes = 8;

· The red is UEP (maintaining d_min = 8).

· The Green is Philips new, which left three CQI bits unprotected. 
· Brown is RM (20,5) with added two unprotected CQI bits for a (20,7) code. 
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Figure 7: (Corresponding to Fig 3) 5-bit CQI Std measurement – not normalized – divide by ~4.75

Note cross-over point
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Figure 8: (re-plotted Fig 7) X-axis switched to RAW BER; Y-axis changes to Normalized CQI Std
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Figure 9: (somewhat corresponding to Fig 1) Power difference between Type A and Type B codes.
Not originally part of the tdoc but here are some studies re type-A:
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Figure 10: Type A 8-bit CQI BLER Performance. 
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Figure 11: Type A 8-bit CQI MSE measurement. 
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Figure 12: Re-plot of Fig 11 as a function of raw BER
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