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1
Introduction
During the SI phase, we considered both Type I (Chase) and Type II (IR) HARQ for 2ms and 10ms TTI. However, a direct comparison between both schemes was not done.
Given that Chase combining allows for lower control (signaling) overhead and smaller UE transmit buffer size, the following questions are relevant:

· Does IR provide performance gains which justify the additional overhead?
· If so, how many redundancy versions are required ?

· In what conditions does IR benefit over Chase combining ?

Note that HSDPA allows for 8 different redundancy versions for QPSK. Such a large number of re-transmissions might not be necessary for the E-DCH.
In this document, we compare the performance of different combining schemes for E-DCH, with different number of redundancy versions. 
· Chase combining

· IR with two redundancy versions

· IR with four redundancy versions
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Simulation Assumptions
The simulation assumptions are outlined in Table 1. The redundancy versions (Xrv) are identical to those defined for HSDPA.
Using the Xrv sequence {0, 1, 2, 5} shown in Table 1, the residual code rate after each transmission is {0.712, 0.416, 0.384, 0.333}. In this notation, we do not consider repetition to reduce the effective code rate, though other notations typically assume this. 

By using this notation, we illustrate the fact that not all code symbols are transmitted with 1-RV (Chase) and 2-RV.

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 19.95 dB.
	Parameter
	Value

	TTI
	2 ms

	Instantaneous Data Rate
	4096 kbps

	Number of Transmissions
	4

	Xrv Sequence
	{0, 0, 0, 0} – 1RV
{0, 1, 0, 1} – 2RV
{0, 1, 2, 5} – 4RV

	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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	86 – C(2,1)
61 – C(4,1)

	Modulation
	4 x BPSK

	Number of Fingers per Antenna
	1-PA3

5-PB3

4-VA30

	Number of Rx Antennas
	2


Table 1
Simulation Assumptions
3
Results
Figures 1 to 12 show the link performance in different channel models. The legend 1-RV denotes Chase combining, 2-RV denotes IR with 2 redundancy versions and 4-RV denotes IR with 4 redundancy versions.
In Figures 1, 5 and 9, we plot the BLER after 1 transmission as a function of DPCCH SNR. It is seen that with these beta factors, the DPCCH overhead can be significant to achieve a low BLER (20%) after a single transmission. 
In Figures 2, 6 and 10, we plot the residual BLER after 2 transmissions as a function of DPCCH SNR. We note that:

· 2-RV and 4-RV improve link efficiency by 1.2 dB in PA3, 1.8 dB in PB3 and 1.6 dB in VA30, when compared to 1-RV
In Figures 3, 7 and 11, we plot the residual BLER after 4 transmissions as a function of DPCCH SNR. We note that:

· 4-RV improves link efficiency by 0.2 dB in PA3, 0.3 dB in PB3 and 0.2 dB in VA30, when compared to 2-RV
· 4-RV improves link efficiency by 1.3 dB in PA3, 1.7 dB in PB3 and 1.5 dB in VA30, when compared to 1-RV
In Figures 4, 8 and 12, we plot the link throughput as a function of DPCCH SNR. We note that at -20 dB DPCCH Ec/Nt, the link throughput gain of 4-RV over 1-RV is:
· 20% in PA3

· 45% in PB3 and VA30
However, at -20 dB DPCCH Ec/Nt, there is little difference between 4-RV and 2-RV.

Note that, while the instantaneous data rate is 4096 kbps, the achieved data rate at -20 dB DPCCH SNR is 1800 kbps in PA3, 1400 kbps in PB3 and 1450 kbps.
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Figure 1

Residual BLER vs. DPCCH SNR – 1 Tx – PA3
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Figure 2

Residual BLER vs. DPCCH SNR – 2 Tx – PA3 
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Figure 3

Residual BLER vs. DPCCH Ec/Nt – 4 Tx – PA3
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Figure 4

Link Throughput vs. DPCCH SNR – PA3 
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Figure 5

Residual BLER vs. DPCCH SNR – 1 Tx – PB3
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Figure 6

Residual BLER vs. DPCCH SNR – 2 Tx – PB3
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Figure 7

Residual BLER vs. DPCCH SNR – 4 Tx – PB3
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Figure 8

Link Throughput vs. DPCCH SNR – PB3 
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Figure 9

Residual BLER vs. DPCCH SNR – 1 Tx – VA30
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Figure 10

Residual BLER vs. DPCCH SNR – 2 Tx – VA30
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Figure 11

Residual BLER vs. DPCCH SNR – 4 Tx – VA30
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Figure 12

Link Throughput vs. DPCCH SNR – VA30
4
Conclusions

In view of the simulation results, we note that when the 1st transmission code rate is high, the use of IR improves link efficiency significantly. The improvement ranges from 1.2 dB to 1.8 dB when we consider 2 transmissions, and 1.3 dB to 1.7 dB when we consider 4 transmissions. The benefit of using IR in the uplink is significant.
However, we note that the difference between using 2 and 4 redundancy versions is small. If single transmission code rates higher than 0.7 are used for E-DCH transmissions, this difference could get larger and remains FFS.

As discussed several times during the study item phase, we believe that some of the system efficiency gains provided by HARQ are obtained through early transmission termination. This assumes that the initial transmission rate is high and may reach the limit of the code space dimensionality. This would in turn involve transmission at a high code rate which would greatly benefit from the availability of the IR functionlaity. 
Consequently we propose that IR with at least 2 redundancy versions is defined as a working assumption for the E-DCH HARQ functionality.
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