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Introduction

This contribution presents some preliminary results on gain factor selection in case when E-DCH is code multiplexed with the existing DPDCH and DPCCH.  

E-DCH Gain Factor

In previous contributions [2,3] only the E-DCH and the associated DPCCH were turned on, and the gain factor of the E-DCH was set relative to the DPCCH and optimized according to the selected data rate.  That is, E-DCH is set to 15 while c varies.  However, when the DPDCH is also turned on, TS25.213 specifies that either c or d must be set to 15.  Due to the different spreading gains between the E-DCH and the DPDCH, and the different FER operating ranges, the power requirements of the two channels differ significantly.  As a result, the E-DCH should be selected using a power offset  relative to d in a similar manner to how hsis selected relative to c.  Table 1 provides examples of this relationship.

Table 1.  Examples of channel gain factor setting.

	Gain Factor
	12.2 kbps DPDCH +

384 kbps E-DCH
	12.2 kbps DPDCH +

1728 kbps E-DCH

	c
	8
	8

	d
	15
	15

	E-DCH
	15*
	15*


Consider 1.152 Mbps E-DCH (MCS-6) is code multiplexed with 12.2 kbps DPDCH and DPCCH using channel bit rate of 15 kbps.  In this case, for AWGN channel with E-DCH operating at 10% FER

Ec/Nt of the E-DCH = Eb/No - W/R = -1.73dB –5.22 dB = -6.95dB

Ec/Nt of the DPDCH = 2.85dB – 25dB = -22.15dB

 = -6.95dB+22.15dB = 15.2dB= 33

E-DCH = 15*33 = 495

It can be seen that (c/E-DCH)2 is -36dB i.e. the DPCCH is 36dB lower in power than the E-DCH channel.  Further, it may be noted that the value of  varies with data rates of the E-DCH and may change somewhat under different channel conditions.

Table 2 summarizes the MCS levels simulated while Table 3 shows the simulation parameters.  Only the E-DCH, 12.2 kbps DPDCH and the associated DPCCH were turned on in the simulation. Figure 1 shows the comparison of FER vs. total received Ec/Nt of the 384 kbps E-DCH (MCS-2 in Table 2) and 12.2 kbps DPDCH using various E-DCH gain factor offsets ().  To achieve an operating range of 10% FER for the E-DCH and 1% FER for the DPDCH, a gain factor offset of slightly larger than 4.0 should be chosen.  Figure 2 shows similar results for 12.2 kbps DPDCH and 1.728 Mbps E-DCH (MCS-8).  In this case, a much larger power offset is required.

Naturally, as the E-DCH power offset increases, the pilot to E-DCH power ratio () decreases, and less power is proportioned to the pilot bits.  As a result, performance of both the E-DCH and DPDCH degrades due to poorer SNR and channel estimations. Figure 3 illustrates the degradation in E-DCH demodulation performance as  decreases.  From the figure, it is seen that, unless this ratio is very small, the degradation can be alleviated simply by increasing the total transmission power. 

Table 2. MCS Table

	MCS Level
	Modulation
	Coding Rate
	SF
	Num Code
	Data  Rate (bps)

	1
	1
	2/5
	8
	1
	192000

	2
	1
	2/5
	4
	1
	384000

	3
	1
	1/2
	4
	1
	480000

	4
	2
	1/3
	4
	1
	640000

	5
	2
	2/5
	4
	1
	768000

	6
	2
	3/5
	4
	1
	1152000

	7
	2
	3/4
	4
	1
	1440000

	8
	3
	3/5
	4
	1
	1728000

	9
	3
	2/3
	4
	1
	1920000

	10
	3
	3/4
	4
	1
	2160000


Table 3. Simulation Parameters

	Simulation Parameter
	Value

	No. of slots/frame
	3

	No. of chips/second
	3.84 Mcps

	E-DCH TTI
	2 ms

	Modulation
	BPSK/QPSK/8-PSK

	Channels
	Flat Rayleigh Fading

(3 km/h) 

	No. of antennas
	2

	Receiver
	Rake

	Sampling Rate
	1X

	Inner-Loop PC
	ON 

	Power Control Metric
	Pilot-based

	PC delay and error
	1 slot, 4%

	PC step size
	1 dB

	Beta values
	βc = 8, βd = 15, 

βE-DCH = various

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

	Base Turbo Code
	R=1/3, K=4, 8 iterations


Conclusions:

The following conclusions can be drawn:

1. The value of  may exceed 15 for higher data rates.  As a result, the value of  has to be signaled to the Node-B using a separate 6-bit field.  Other techniques to signal  using less number of bits are under investigation.

2. The other option is not to restrict the value of d or c to 15 [6].

3. As the E-DCH power offset increases, the pilot to E-DCH power ratio decreases, and less power is proportioned to the pilot bits.  As a result, performance of both the E-DCH and DPDCH degrades due to poorer SNR and channel estimations.  For ideal channel estimation case the performance of DPDCH would have degraded while the performance of E-DCH would have improved when more power is proportioned to the E-DCH channel.

4. The effect of power saturation was not studied in this paper. 
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Figure 1.  FER performance of  MCS-2 E-DCH with 12.2 kbps DPDCH with various power offsets, Flat Rayleigh fading channel at 3 km/h.
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Figure 2.  FER performance of  MCS-8 E-DCH with 12.2 kbps DPDCH with various power offsets, Flat Rayleigh fading channel at 3 km/h.
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Figure 3.  Performance of the E-DCH (MCS-2)  as a function of various pilot to E-DCH power ratios 
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