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1 Introduction
During the discussion via email, it remains for the E-DPCCH whether to use CRC or not. This document shows the performance of CRC and No-CRC.
2 Performance evaluation: No-CRC vs. CRC
In this document for the performance evaluation of the E-DPCCH with and without CRC, the following measures are used.
· False alarm probability: UE does not transmit. But Node B detects it as a ‘transmission’.
· CRC: UE DTX. But at the Node B, the CRC check is passed, i.e. the undetected error case. Not more than 1/2k, where k is CRC size.
· No-CRC: UE DTX. But at the Node B the received signal energy exceeds the detection threshold. 
· Missing probability: UE transmits. But Node B detects it as a ‘DTX’. 

· CRC: UE transmits. But CRC check is failed. 
· No-CRC: UE transmits. But at the Node B, the received signal energy is below the detection threshold.
The simulation results are generated in the following way:

1. False alarm probability requirement = 0.1%.
· CRC: Having 10-bit CRC can meet this requirement. 
· No-CRC: Find the detection threshold to meet the false alarm probability. 
2. Based on the above threshold, find the required energy for the No-CRC to meet the missing probability = 1%.

3. Compare the required energy for each scheme. 
3 Simulation results
Table 1 Simulation parameter
	
	No-CRC
	CRC
	Note

	SF
	256
	128
	

	number of information bits
	10 bits
	10 bits with CRC
	CRC size: 10, 16 bits

	channel coding
	(30,10) RM code
	Convolutional code 
	CC : R=1/3, K=9

	Rate matching
	transparent
	10-bit CRC: 24 bits punctured
16-bit CRC: 42 bits punctured
	

	beta factor
(E-DPCCH/DPCCH)
	17/15
	

	Modulation
	BPSK
	

	TTI
	2ms
	

	Number of Rx antenna
	1
	

	channel model
	AWGN
	


In figure 1, we can compare the required energy for the CRC and No-CRC to meet the false alarm probability of 0.1% and the missing probability of 1%. Given the false alarm probability the detection threshold of the No-CRC can be found by simulation. Also the threshold can be obtained by the characteristic of Chi-square distribution (in detail refer to the Annex). The red-line shows the missing probability of No-CRC maintaining the false alarm probability of 0.1%. Under the above requirement the required SNR of No-CRC is 0.5dB less than that of CRC. In addition, the BLER of No-CRC is much less than the CRC scheme. Therefore, by the No-CRC we can get the reliable detection performance as well as the reliable decoding performance.
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Figure 1 Performance of E-DPCCH with CRC and No-CRC
4 Conclusion
From the simulation results, No-CRC scheme can meet the detection requirement with less power than CRC scheme and better decoding performance. Therefore, we propose to agree on using the No-CRC scheme with the existing Reed-Muller code for E-DPCCH channel coding.
Contact person:
Youngbum Kim (youngbum.kim@samsung.com)
Annex
The detection threshold can be found by either simulation or analytic method. For the AWGN case the analytic method is as following: 
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, where the Xi, i = 1, 2,…, n, are statistically independent and identically distributed Gaussian random variables with zero mean and variance 
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. Then the Y has a chi-square distribution.
pdf of Y: 
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cdf of Y: 
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, where m is integer
Then, the probability of event {Y>y}, in this document the false alarm probability, can be expressed as 
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. As there are 30 symbols on E-DPCCH for the 2ms TTI, n is 30. Looking at the following figure, the y is 60 for the P{Y>y} is 0.1%.
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Figure 2 False alarm probability
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