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Introduction

This contribution analyses the performance of E-DPCCH with and without CRC.

Uplink Control Channel Design:

Table 1 summarizes the agreed bit requirements for E-DPCCH.  A total of 10 information bits are transmitted on E-DPCCH using either a (10,30) RM code or (26, 60) or (20, 60) CC if CRC is used for E-DPCCH.

Table 1 - Bit Requirements for UL HSUPA channels

	Information
	# Information bits

	TFI
	6

	RSN
	2

	SR
	1


	Reserved (TXI etc.)
	1


Error Conditions for E-DPCCH:

The following error conditions are defined for E-DPCCH,

a. E-DPCCH DTXed but receiver declares E-DPCCH is sent.  In RAN2, this false alarm probability is set to 1e-03.

b. E-DPCCH sent but receiver declares that E-DPCCH is DTXed.  This is termed as missed detection probability and this is set to 1e-02.

c. E-DPCCH sent but the contents of E-DPCCH are erroneously decoded at the Node-B receiver.

If CRC is included in the E-DPCCH, energy detection is not needed and 1% BLER target in the E-DPCCH is acceptable.  With CRC, there is no attempt to distinguish between the CRC failing due to the above 3 conditions.  As an example, with 10 bit CRC the probability of false alarm when E-DPCCH is DTXed is approximately 2-10 which indicates that every 1024 TTI’s one will false and initialise the Node-B soft buffer i.e. 1 false per 2 seconds per user when in CELL_DCH state while DTXed.  With a 16 bit CRC, one will have 1 false per 2.2 minutes per user.

In case CRC is not included in the E-DPCCH a reliable algorithm based on energy detection is needed to detect transmission of the E-DPDCH, detection of DTX and other error conditions that may result in a corrupted soft-buffer.  Additionally, there are complexity issues associated with pre-emption or with mistaking a NAK for an ACK when there is no E-DPCCH CRC.  Before E-DPDCH soft combining with a subsequent E-DPDCH transmission is allowed, it is required that each corresponding E-DPCCH transmission be individually decoded and a consistency check be applied between them to avoid error conditions associated with pre-emption or associated with mistaking a NAK for an ACK.  In summary, detecting the above conditions solely based on energy detection seems to be unreliable.
Simulation results for E-DPCCH:

Figure 1 and Figure 2 shows the coding structure for uplink control channel corresponding to 2ms TTI using (10,30) RM code and (26,60) CC code with 16 bit CRC respectively.  
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Figure 1.  Uplink coding structure using  (30,10) Reed-Muller code using E-DPCCH. TXI and TFRI sent.
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Figure 2.  Uplink coding structure using  (60,10) CC code using E-DPCCH and 16-bit CRC. TXI and TFRI sent.

Table 2. Simulation Parameters

	Simulation Parameter
	Value

	No. of chips/second
	3.84 Mcps

	E-DCH TTI
	2 ms

	SF
	128

	Modulation
	BPSK

	Channels
	AWGN, Ped-B, Veh-A

	No. of RX antennas
	2

	Receiver
	Rake

	Sampling Rate
	1X

	Inner-Loop PC
	OFF 

	PC Feedback Delay
	1-slot

	PC BER
	4%

	c
	15

	E-DPCCH
	17

	Outer-Loop PC
	OFF

	Number of Fingers/Antenna
	1-AWGN, 4-PB, 4-VA

	Channel Estimation
	Pilot


Table 2 lists the link simulation parameters.  Figure 3 shows the performance of (30,10) RM code while Figure 4, Figure 5 and Figure 6 show the performance of convolutional code with 16, 10 and 8 bit CRC respectively.   It may be observed from the figures, that there is approximately 1dB difference in Ec/Nt for (10,30) RM code vs. (26,60) CC when comparing 0.1% FER pt of RM code to 1% pt of CC code.  With 10-bit CRC it may be observed that the Ec/No requirement is 1dB lower compared to a 16-bit CRC.  However when E-DPDCH is present, the power required for E-DPDCH (>192 kbps) is significantly higher than that of the E-DPCCH.  In that case the additional power required for E-DPCCH with CRC becomes insignificant. As per our simulation, the degradation in total (E-DPCCH + E-DPDCH) Ec/No when CRC (16-bit) is included ranges from 0.6 dB at 32 kbps to less than 0.1 dB for data rates greater than 384 kbps as shown in Table 3.  With 10-bit CRC this difference becomes insignificant.

	
	Total Required Ec/No (E-DPDCH + E-DPCCH)

	
	32 kbps
	64 kbps
	384 kbps
	1440 kbps

	With CRC 

(CC coding)
	-17.3 dB
	-15.4 dB
	-9.4 dB
	4.0 dB

	Without CRC 

(RM coding)
	-17.9 dB
	-15.8 dB
	-9.5 dB
	4.0 dB


Table 3.  Comparison of total E-DPDCH + E-DPCCH Ec/No requirement  to meet 10% BLER on the E-DPDCH and (1) 1% BLER on the E-DPCCH with (26,60) CC coding or (2) 0.1% BLER on the E-DPCCH with (10,30) RM coding 2ms TTI, Ped-B channel (3 km/h), pilot-based channel estimation, power control on, 2 RX antennas).
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Figure 3.  Performance of the E-DPCCH with (30,10) Reed-Muller Code – 2ms TTI, pilot-based channel estimation, power control on, 2 RX antennas.
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Figure 4.  Performance of the E-DPCCH with R=1/3, K=9 Convolutional Code – 2ms TTI, 26 total bits (10 info, 16 CRC), pilot-based channel estimation, power control on, 2 RX antennas.
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Figure 5.  Performance of the E-DPCCH with R=1/3, K=9 Convolutional Code – 2ms TTI, 20 total bits (10 info, 10 CRC), pilot-based channel estimation, power control on, 2 RX antennas.
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Figure 6.  Performance of the E-DPCCH with R=1/3, K=9 Convolutional Code – 2ms TTI, 18 total bits (10 info, 8 CRC), pilot-based channel estimation, power control on, 2 RX antennas.

Figure 7 shows the simulated false alarm probability with CRC when E-DPCCH is DTX’ed under different channel conditions.  As is obvious from the figure a false alarm probability of approximately 3e-05 is achieved with a 16-bit CRC.  Similar false alarm probability could be achieved using 10-bit CRC and using signal quality metric like Yamamoto metric associated with CC.
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Figure 7.  False Alarm probability of the E-DPCCH with CRC – 2ms TTI, R=1/3 CC, 16-bit CRC, pilot-based channel estimation, power control on, 2 RX antennas.

Conclusions:

To increase the reliability of E-DPCCH detection at Node-B it is suggested to include 16 bit or 10 bit CRC in the E-DPCCH payload and use SF=128.
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