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1. Introduction

Because there is no CRC information included in the E-DPCCH, energy detection of the E-DPCCH is required to distinguish between transmission and DTX.  The proposed requirements are for Prob(False Alarm) < 0.1% and Prob(Missed Detection) < 1.0%.  In this contribution, performance of the E-DPCCH with energy detection is provided and compared to performance with CRC. 

2. E-DPCCH

The E-DPCCH carries the following information – retransmission sequence number, E-TFCI information, and one reserved bit possibly for rate request.  A (30,10) Reed-Muller coding is used to code the ten information bits according to
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i=0, 1, ..., 29
where the basis sequences are as described in 4.3.3 of TS25.212.  At the receiver, energy detection of the E-DPCCH is required to distinguish between transmission and DTX.  Maximum-likelihood decoding is then used to arrive at the information content.  For 10ms TTI, the E-DPCCH packet is repeated five times.  At the receiver, the repeated sequence is soft-combined prior to decoding.

The following performance results are shown –

· Probability of message error.  This is the BLER of the message when the receiver has perfect knowledge of when the E-DPCCH is transmitted and no energy detection is required.

· Probability of false alarm – probability of E-DPCCH transmission detected when DTX was sent.  This probability has to be less than 0.1% according to RAN2 requirement.

· Probability of missed detection – probability of DTX declared when there is E-DPCCH transmission or when the E-DPCCH was decoded incorrectly.  This probability should be less than 1%.

3. Performance results

Figure 1 shows performance of the E-DPCCH for 2ms TTI with energy detection and the additional amount of power required to meet missed probability of less than 1%.  In the figure, the solid lines represent message error rate which is representative of (30,10) Reed-Muller performance without energy detection.  The dashed lines illustrate the probability of missed detection.  In this case, energy detection of the E-DPCCH is performed with the threshold set such that the probability of false alarm (E-DPCCH declared when DTX was sent) is less than 0.1%.   The operating point for the probability of missed detection (DTX declared when E-DPCCH was sent or E-DPCCH decoded erroneously) should be less than 1%.  In this case, approximately 4 dB more is required to meet the missed probability from the RM error rate.  Figure 2 illustrates false alarm performance of the energy detection algorithm.  Similarly, Figure 3 and Figure 4 show missed detection and false alarm probabilities for 10ms TTI.  Approximately 4 dB more is also required in this case.

Figure 5 compares the missed detection performance of the E-DPCCH with Reed-Muller (RM) coding to the BLER when the E-DPCCH content contains 10-bit CRC information and encoded using R=1/3 convolutional code (CC).  In this case, performance of CC+CRC is approximately 2 dB better than performance of RM.    Note that the results shown are with ideal channel estimation.  Under non-ideal channel estimation, performance of the energy detection scheme will degrade further.

Note that the energy detection scheme used here is relatively simple and more advanced algorithms may be considered to improve performance.    With CRC information, however, there is no need to perform energy detection which may result in simpler implementation. 

4. Conclusion

In order to satisfy the prescribed probabilities of false alarm and missed detection, energy detection of the E-DPCCH may result in higher power requirement compared to CRC with convolutional coding.  It is recommended that energy detection be applied to both the E-DPCCH and E-DPDCH to improve the probability of detection performance.
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Figure 1.  Probability of error for the E-DPCCH channel - 2ms TTI, 2 RX antennas.
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Figure 2.  Probability of false alarm for the E-DPCCH channel - 2ms TTI, 2 RX antennas.
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Figure 3.  Probability of error for the E-DPCCH channel - 10ms TTI, 2 RX antennas.
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Figure 4.  Probability of false alarm for the E-DPCCH channel - 10ms TTI, 2 RX antennas.

[image: image6.png]Error Rate

E-DPCCH Missed Performance - 2ms TTI, 2 RX Ants

—&- AWGN - CONV, CRC, SF=128
-| =& PB3-CONV, CRC, SF=128

| = VA30- CONV, CRC, SF=128
-| —+ AWGN - RM, SF=256

.| —+ PB3-RM, SF=256

— VA30 - RM, SF=256

. ———

10
36 4 32 30 28 26 24 22 2

Received E-DPCCH Ec/No Per Antenna (dB)




Figure 5.  Comparison of performance between RM code with energy detection (missed detection probability) and Convolutional Code with CRC (message error probability).

Table 1. Simulation Parameters.

	Simulation Parameter
	Value

	Carrier Frequency
	2 GHz

	No. of chips/second
	3.84 Mcps

	E-DCH TTI
	2 ms/10 ms

	Modulation
	BPSK

	Channels
	AWGN, PA3,

PB3, VA30, VA120

	Channel Estimation
	Ideal

	No. of antennas
	2

	Receiver
	Rake

	Searcher
	Ideal with fixed number of 

known fingers

	A/D
	None (floating point precision)

	Sampling Rate
	Chip Rate

	Inner-Loop PC
	OFF

	Outer-Loop PC
	OFF 

	Beta values
	βc = 15, βd = 0, βec = 5

βed = 0

	Pilot/TFCI/FBI/TPC
	6/2/0/2

	Coding
	(30,10) Reed-Muller
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