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1 Introduction

This contribution presents discussion for PUCCH format 2 performance with DTX detection, considering the typical PUCCH detection method which has been mainly utilized in the RAN1 simulation work for Rel-10.
2 Discussion

2.1 Background
Clarification of PUCCH format 2 performance requirements was discussed in Madrid meeting [1]. It is true that the DTX detection of CQI (PUCCH format 2) was not assumed in Rel-8 BS demodulation work, as shown in the simulation assumptions [2]. On the other hand, DTX detection of PUCCH format 2 is useful for the following use cases: 
· In general implementation, eNB would try to detect UL resource release due to TA timer expiry or dsr-TransMax [3] by the DTX detection of PUCCH format 2. 
· Otherwise, state mismatch between eNB and UE would happen.

It is noted that RAN4 didn’t discuss the necessities of the DTX detection of PUCCH format 2 in Rel-8, because such UE behavior was not so clear in RAN4 at that time. It is felt that it is a good time to discuss this point in RAN4 now.
2.2 PUCCH detection method
In RAN1, one typical detection method for PUCCH has been mainly utilized in the simulation work for Rel-10 [4, 5]. In this contribution, we call it “Joint RS and data detection”, in which combined bits of RS and data bits (ACK/NACK or CQI) are used for data decoding and DTX detection. The detail is as follows:
1. The data and RS symbols are coherently combined within a slot and non-coherently combined between slots to obtain the received power. 

2. This is done for all the codeword candidates. 

3. Then, the highest received power is compared to the threshold for DTX detection. Once non-DTX is detected, the codeword that gives the highest received power is detected as a data (ACK/NACK or CQI) signal.

On the contrary, we call the conventional method “separate RS and data detection”, in which coherent detection is applied to the received signal using the channel estimate obtained from RS symbols to recover the data signals.
2.3 Simulation evaluation of "DTX detection for CQI"
2.3.1 Simulation assumption

We evaluated link-level simulation of "joint RS and data detection". We reused the Rel8 simulation assumption [3]. Some main parameters are listed below. Note that there would be little difference among each channel bandwidth option, and therefore the results for 5MHz could apply to the other channel bandwidth options.

Table 1 Simulation assumption
	Propagation conditions
	EVA5, ETU70

	Channel bandwidth
	5 MHz

	Rx diversity
	2Rx

	Cyclic prefix
	Normal

	PUCCH format
	format 2

	Number of OFDM symbols
	14

	Number of CQI bits
	4

	Channel estimation 
	Practical


2.3.2 False alarm probability
As a first step, in order to determine the threshold for DTX detection, we evaluate false alarm characteristics. Figure 1 shows the simulation results of false alarm characteristics vs. the DTX detection threshold for the “joint RS and data detection”. We took the threshold value to be 14 dB, assuming that the target requirement of the false alarm probability should be 1%.
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Figure 1 False alarm probability of the "joint RS and data detection"
2.3.3 Missed detection probability
Figure 2 and 3 present the missed detection characteristics vs. SNR per branch for the “joint RS and data detection (DTX threshold = 14dB)”. For reference, the characteristics of “joint RS and data detection (w/o DTX detection)” and “separate RS and data detection” are also plotted. In this simulation, CQIs are always transmitted in the assigned slots, and the missed detection of the “joint RS and data detection (DTX threshold = 14dB)” includes DTX detected by eNB. 
From the simulation result, we can observe the following points, 
· Comparing to “separate RS and data detection”, we can obtain 1 to 2 dB gain in “joint RS and data detection (w/o DTX detection)”, because of the advantage of coherent detection of the combined bit of RS and CQI achieves. 

· Even if we use the “Joint RS and data detection method (DTX threshold = 14 dB”, the missed detection performance would be comparable to “separate RS and data detection”. 
It is noted that the BS demodulation complexity would not increase so much due to the “Joint DTX and CQI detection.” It implies that the PUCCH decoding performance could be improved without any additional cost. Therefore, it is proposed that RAN4 should reconsider the performance requirements of PUCCH format 2 in Rel-10.
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Figure 2 Missed detection probability (ETU5)       Figure 3 Missed detection probability (ETU70)
2.4 Conclusion 
This contribution discussed PUCCH format 2 performance with DTX detection. From the simulation results, it was observed that the “joint RS and data detection w/o DTX detection” could outperform the conventional method, and that “joint RS and data detection (DTX threshold = 14 dB)” would provide almost the same performance as the conventional method. Based on the above analysis, it is proposed that RAN4 should reconsider the performance requirements on PUCCH format 2 in Rel-10, taking into account the "joint RS and data detection". 
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