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1. Introduction
In the RAN1#51 meeting in Jeju, Korea it was agreed to use joint coding for CQI and ACK/NACK multiplexing on PUCCH with extended cyclic prefix. In this contribution we present a novel method for joint coding for CQI+ACK/NACK for the extended cyclic prefix case capable of optimizing the target error rates for both ACK/NACKK and CQI. 
2. Joint coding 
The encoder for the proposed joint coding method is shown in Figure 1. ACK/NACK is encoded by a code with length Nd. These Nd bits are multiplexed with CQI bits and encoded jointly. Basically any channel code can be used. The performance of ACK/NACK can be adjusted by changing Nd. Maximum likelihood decoding is used. 
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Figure 1. Encoder for the joint coding.
3. Performance

Table 1 summarizes the main parameters used in the link simulations. The results have been obtained assuming practical receiver and realistic channel estimation algorithms. Slot-based frequency hopping and TU channel with UE speed of 3 km/h were assumed. Extended cyclic prefix is used, i.e. the number of SC-FDMA symbols per slot is 6 (1 for RS, 5 for data). Since sequence modulation with QPSK is used, the number of coded bits is 20, as in the normal CP case. Furthermore, we assumed following target error rates: for CQI, BLER < 10-2 and for ACK/NACK, BER < 10-3.
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
	6

	Frequency hopping
	At slot boundary


Performance of the proposed method is shown in Figure 2 for 5 CQI bits and 1 ACK/NACK bit (solid curves). We used Nd=5. The channel code is a (20,10) block code. Generator matrix is shown in Annex A. Subcode is simply repetition of the ACK/NACK bit Nd times. The required SNR for the proposed method is -3.2 dB. As a comparison we show the performance of joint coding without subcode (red dashed curves). The required SNR is -1.65 dB. The gain is 1.55 dB.
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Figure 2. Performance with 5 CQI bits and 1 ACK/NACK bit. 

Figure 3 shows the corresponding result for 10 CQI bits and 2 ACK/NACK bits (for DL MIMO). Generator matrix and ACK/NACK subcode are given in Annex B. The required SNR for the proposed method is 0.82 dB and for joint coding without subcode 2.75 dB. The gain is 1.93 dB.
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Figure 2. Performance with 10 CQI bits and 2 ACK/NACK bits.
Note that the target error rates given in the introduction are only examples. Optimal Nd can be found for any target and number of CQI bits. 
It is also possible to use thresholds in decoding to decrease NACK => ACK probability or reject the codeword altogether.
As can be seen from the results, the proposed joint coding method allows for optimizing the tradeoff between the performance of ACK/NACK and CQI. Without the repetition of ACK/NACK bit(s) the performance of ACK/NACK and CQI is in imbalance – CQI BLER target is achieved at much lower SNR than the ACK/NACK BER target.

4. Complexity

The number of codewords for 5 CQI + 1 ACK/NACK is 25+1=64 and for the 10 CQI + 2 ACK/NACK bits is 210+2=4096. Note that the complexity doesn’t depend on Nd.
5. Summary

This contribution presented an improved joint coding method for CQI+ACK/NACK for the extended CP case. The simulation results showed that the proposed method has good performance compared to joint coding without a subcode. Furthermore, the proposed method makes it possible to balance the performance of CQI and ACK/NACK optimally. Hence we propose to include the improved joint coding method for extended CP presented here into the LTE specifications.
Annex A. Generator matrix for NCQI = 5 and Nd = 5.
Generator matrix:
     1 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 1 1 0

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

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

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

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

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

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

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

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

     0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 0 0 0 1 0
Annex B. Generator matrix for NCQI = 10 and Nd = 3.

Generator matrix:
     1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1

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

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

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

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

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

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

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

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

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

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

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

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




















































































