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1. Introduction

In the 3GPP RAN WG1 meeting #51bis it was decided that the joint coding method described in [1] is used for simultaneous CQI + Ack/Nack transmission with extended cyclic prefix. An agreement on the subcodes was reached in RAN1#52 [3].

In this contribution we present details for simultaneous CQI + Ack/Nack transmission with extended cyclic prefix. We use the codes described in [2] and compare them with codes which are optimized for joint coding.

2. Performance

Simulation parameters are shown in table 1.

Table 1. Simulation parameters.
	Channel
	TU (3 km/h)

	Number of RS blocks per slot
	1

	Receiver
	MRC

	Modulation
	QPSK

	System bandwidth
	5 MHz

	Number of UE
	1

	Frequency hopping
	At slot boundary


We use the 14-by-20 channel code of [2]. The generator matrix of the code is

    1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

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

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

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

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

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

G = 0 0 1 0 0 1 1 0 0 1 1 1 0 0 0 1 1 0 1 1

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

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

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

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

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

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

    0 0 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1
If NCQI+Nd < 14, then some of the bottom rows are removed. 
Figures 1 through 4 show the simulation results for NCQI = 4, 6, 8 and 10 and NA/N = 1. Best Nd was selected for each case. Figures 5 through 8 show corresponding results for NA/N = 2. Optimal values for Nd are shown in Table 2.
Table 2. Optimal Nd for Reed-Muller code.
	NCQI
	NA/N
	Nd

	4
	1
	8

	6
	1
	7

	8
	1
	5

	10
	1
	4

	4
	2
	4

	6
	2
	4

	8
	2
	6

	10
	2
	4


[image: image1.emf]-11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1

10

-4

10

-3

10

-2

10

-1

10

0

SNR (dB)

Error rate

N

cqi

 = 4; N

a/n

 = 1; Nd = 8

 

 

CQI BLER

A/N BER


Figure 1. NCQI = 4; NA/N = 1.
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Figure 2. NCQI = 6; NA/N = 1.
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Figure 3. NCQI = 8; NA/N = 1.
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Figure 4. NCQI = 10; NA/N = 1.
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Figure 5. NCQI = 4; NA/N = 2.
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Figure 6. NCQI = 6; NA/N = 2.
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Figure 7. NCQI = 8; NA/N = 2.
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Figure 8. NCQI = 10; NA/N = 2.
3. Performance of optimized code

The performance of joint coding can be improved by using an optimized code instead of the code in [2]. An example is given in figure 9, in which NCQI = 8 and NA/N = 2. CQI BLER and A/N BER for the optimized code are shown as dotted lines. The generator matrix of the code is

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

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

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

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

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

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

G = 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 1 0

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

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

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

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

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

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

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

Nd of the optimized code was selected so that the CQI BLER results for optimized code and the code in [2] are about the same. In this case, the gain from using optimized code is 3 dB. Note that for optimum performance each number of CQI bits and A/N bits requires separately optimized generator matrix.
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Figure 9. NCQI = 8; NA/N = 2. 
4. Conclusions

In this contribution, we have presented details for subcode and generator matrices for the Reed-Muller code for different number of CQI and Ack/Nack bits. We also presented an optimized code for CQI+Ack/Nack joint coding for extended cyclic prefix. Reed-Muller codes had worse performance than the optimized code. The difference for 8 CQI bits and 2 Ack/Nack bits is about 3 dB. 
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