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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. During RAN1 #37, we discussed the issue of sending only self decodable transmissions in SHO. 

In this document, we will make the assumption that in SHO regions, the UE is power limited. Therefore, the Tx data rate is low, leading to low instantaneous code rates. We will then compare the performance of different combining schemes for E-DCH, with different number of redundancy versions. 
· Chase combining

· IR with two redundancy versions

· One self-decodable and one non self-decodable

· IR with four redundancy versions

· Two self-decodable and two non self-decodable

· IR with four redundancy versions

· All self-decodable

2
Simulation Assumptions
Table 1 outlines the redundancy versions (Xrv) used for each scheme. 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

	Chase
	{0,0,0,0}
	0.40
	0.40
	0.40
	0.40

	2-IR
	{0,1,0,1}
	0.40
	0.33
	0.33
	0.33

	Sys-IR
	{0,2,4,6}
	0.40
	0.33
	0.33
	0.33

	4-IR
	{0,1,2,5}
	0.40
	0.33
	0.33
	0.33


Table 1
Residual Code Rate – 1536 kbps
In these simulations, E-DCH is mapped to a separate PhCH denoted E-DPDCH.

The modulation is fixed to 2xBPSK using C(2,1) with SF=2. Therefore, ½ the OVSF code space is used up.
The rest of the simulation assumptions are outlined in Table 2.
	Parameter
	Value

	TTI
	2 ms

	Instantaneous Data Rate
	1536 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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	Modulation
	2xBPSK

	Number of Fingers per Antenna
	1-PA3

5-PB3

4-VA30

	Number of Rx Antennas
	2


Table 2
Simulation Assumptions
3
Results
Figures 1 to 12 show the link performance in different channel models. The legend indicates the sequence of Xrv bits used.
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:

· Chase combining entails a loss of 0.1-0.2 dB in link efficiency

In Figures 3, 7 and 11, we plot the residual BLER after 4 transmissions as a function of DPCCH SNR. We note that:

· Chase combining entails a loss of 0.2-0.3 dB in link efficiency
· No difference between 2-IR, Sys-IR and 4-IR
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, there is little difference in link throughput between different schemes.
[image: image3.wmf] 


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 SNR – 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

[image: image9.wmf] 


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

From the simulation results, we note that when the initial code rate is small, there is little difference between different IR schemes (2-IR vs. Sys-IR vs. 4-IR), while there is a small loss with Chase combining compared to the other IR schemes.
Self decodable transmissions add an element of robustness to the HARQ protocol when a UE is in SHO. It is ensured that every Node-B can decode each transmission independently of the others, since systematic bits are always sent.

However, it is simpler to specify the choice of RV as a function of data rate (and initial code rate) as opposed to the SHO status of each UE. We observe that since the UE is power limited in SHO regions, it is not expected to transmit at very high data rates (and initial code rates) in SHO.

Chase combining is simpler because Node-B doesn't have to worry about the RV, but it still needs to know the TB/MCS. In other words, the Node-B still has to rely on the E-TFICH to decode the E-DCH. Given that the bit budget already accounts for the RV bits for higher data rates it doesn't increase the signalling overhead to use those bits for the lower data rates as well.
With Sys-IR, each Node-B can decode the stand-alone transmission without soft combining. Simpler Node-B implementations still can rely on macro diversity in SHO, while better implementations can further improve performance with soft combining.

Consequently we propose that IR with self decodable transmissions (Sys-IR) is defined as the working assumption for lower data rates when the initial code rate is less than 0.5.
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