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1
Introduction
In [1], we compared the performance of IR and Chase combining for a high data rate, wherein the instantaneous code rate is greater than 0.5. It was seen that Chase combining results in degraded link performance. However, there was not much difference between using 4 distinct RV and 2 distinct RV, each with at least one self-decodable and one non self-decodable version.
In this document, we further address two distinct aspects releated to E-DCH coding: 
· How high a data rate do we need for EUL ?
· How many IR versions do we need for data rates greater than those considered in [1] ?

2
Peak Data Rate

The choice of peak data rate for EUL depends upon multiple issues.

2.1
HARQ Turnaround Time

As the peak data rate increases, the TB size and the associated decoding time for E-DCH increases. For the same turn-around time, the Node-B processing needs have to be configured for the highest data rate. Therefore, unless there is a clear system gain of using very high data rates, they should be avoided.
2.2
Number of RV

As the data rate and initial code rate increases, the number of RV needed increases. In [1], it was seen that 2 IR versions could be enough as long as the code rate is within 0.71.
2.3
OVSF Code Usage

A fraction of the code space needs to be reserved for legacy channels, viz, DPCCH, HS-DPCCH and DPDCH, depending upon the PhCH mapping of E-DCH. If E-DCH is mapped on a separate set of code channels, depending upon the code usage of DPDCH, this fraction could range from 1/64 to 1/32. However, it is not expected that the UE will transmit at high data rates on both DPDCH and E-DPDCH.
3
Simulations
Consider a candidate peak data rate of 5120 kbps. Table 1 outlines the redundancy versions (Xrv) used for different IR schemes for this data rate. The Xrv bit notation is identical to that used for HSDPA.
	Combining Scheme
	Xrv
	Residual Code Rate after N Tx

	
	
	N = 1
	N = 2
	N = 3
	N = 4

	2-IR
	{0,1,0,1}
	0.89
	0.47
	0.47
	0.47

	Sys-IR
	{0,2,4,6}
	0.89
	0.80
	0.73
	0.67

	4-IR
	{0,1,2,5}
	0.89
	0.47
	0.46
	0.33


Table 1
Residual Code Rate – 5120 kbps
In these simulations, E-DCH is mapped to a separate PhCH denoted E-DPDCH. The modulation is fixed to 4 x BPSK, with 2 OVSF codes used – C(2,1) with SF=2 and C(4,1) with SF=4. Therefore, ¾ of the OVSF code space is used up.

The beta factors are adjusted such that the energy per code symbol is the same after de-spreading. With these beta factors, the effective E-DPDCH to DPCCH ratio translates to 22.97 dB.

The rest of the simulation assumptions are outlined in Table 2.
	Parameter
	Value

	TTI
	2 ms

	Instantaneous Data Rate
	4096 kbps

	Number of Transmissions
	4

	Number of HARQ Processes
	5

	RV Inter-TTI
	5

	DPCCH Slot Format
	0

	E-TFICH
	Error Free

	Channel Estimation
	Enabled

	Inner Loop PC
	Enabled

	PC feedback delay
	1-slot

	PC BER
	4%

	Outer Loop PC
	Disabled
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	122 – C(2,1)
86 – C(4,1)

	Modulation
	4xBPSK

	Number of Fingers per Antenna
	1-PA3

5-PB3

4-VA30

	Number of Rx Antennas
	2


Table 2
Simulation Assumptions
4
Results
Figures 1 to 12 show the link performance in different channel models. The legend indicates the sequence of Xrv bits used. In Table 3, we show the link efficiency loss relative to 4-IR at 1% BLER operating point after N transmissions.
	Combining Scheme
	Relative link loss after N Tx (dB)

	
	N = 1
	N = 2
	N = 4

	2-IR
	0.0
	0.0
	0.5 – 0.7

	Sys-IR
	0.0
	4.0 – 8.0
	3.0 – 4.5

	4-IR
	0.0
	0.0
	0.0


Table 3
Relative Link Loss
In Figures 3, 7 and 11, we plot the link throughput as a function of DPCCH SNR. At -20 dB DPCCH Ec/Nt, there is little difference in link throughput between 2-IR and 4-IR, while Sys-IR entails significant losses.
In Figures 4, 8 and 12, we plot the link throughput results for a peak data rate of 4096 kbps. These figures were shown in [1] and the effective E-DPDCH/DPCCH ratio is 19.95 dB. 
Table 4 compares the link throughput for two different peak rates when the instantaneous E-DPDCH + DPCCH Ec/Nt is maintained at 3 dB. The throughput values are read from -20 dB DPCCH Ec/Nt for 5120 kbps and -17 dB DPCCH Ec/Nt for 4096 kbps. Strictly speaking, we should compare with the same DPCCH Ec/Nt, but this is a close approximation.
	Channel Model
	Link Throughput (kbps)

	
	Peak Rate = 5120 kbps
	Peak Rate = 4096 kbps

	PA3
	2500
	2400

	PB3
	2000
	2000

	VA30
	2000
	2000


Table 4
Link Throughput
It is seen that we can achieve the same link throughput using a lower instantaneous data rate. Note that the performance with very high instantaneous data rates can be improved with better Rx architectures. A RAKE receiever was assumed for these simulations.
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Figure 1

Residual BLER vs. DPCCH SNR – 2 Tx – PA3
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Figure 2

Residual BLER vs. DPCCH SNR – 4 Tx – PA3
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Figure 3

Link Throughput vs. DPCCH SNR – PA3 – 5120 kbps
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Figure 4

Link Throughput vs. DPCCH SNR – PA3 – 4096 kbps
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Figure 5

Residual BLER vs. DPCCH SNR – 2 Tx – PB3
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Figure 6

Residual BLER vs. DPCCH SNR – 4 Tx – PB3
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Figure 7

Link Throughput vs. DPCCH SNR – PB3 – 5120 kbps
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Figure 8

Link Throughput vs. DPCCH SNR – PB3 – 4096 kbps
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Figure 9

Residual BLER vs. DPCCH SNR – 2 Tx – VA30
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Figure 10

Residual BLER vs. DPCCH SNR – 4 Tx – VA30
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Figure 11

Link Throughput vs. DPCCH SNR – VA30 – 5120 kbps
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Figure 12

Link Throughput vs. DPCCH SNR – VA30 – 4096 kbps
4
Conclusions

From the simulation results, we note the following:

1. For very high 1st transmission code rates, use of 2-IR leads to a small link loss (less than 0.5 dB) compared to the use of 4-IR
2. The same link throughput can be achieved from the use of slightly lower instantaneous data rates.
Consequently, based on performance analysis, we suggest that theset of  E-DCH transport block sizes is such that the instantenous code rate is always below 0.75.
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