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1. Introduction

The type 3i receiver needs to estimate the covariance of interference as part of the LMMSE criterion. However, the receiver typically can only estimate the covariance of interferer i’s CPICHi+1 signal, and not the covariance of the whole interferer i’s Iori+1 output. This means that the type 3i receiver virtually makes some scaling by some unknown CPICH_Eci+1/Iori+1 power ratio for each interferer. A typical type 3i receiver implementation would simply assume that CPICH_Eci/Iori is the same for all the cells, thus ignoring this CPICH_Eci/Iori factor (or arbitrarily setting it to 1). This means that when the CPICH_Eci/Iori is not the same for all cells, which would happen in case of uneven cell loading, the typical type 3i receiver performance will be degraded by this unperfect interference knowledge.

In this paper we investigate such a scenario to check the robustness of the type 3i receiver against uneven cell load conditions.
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3. Description of uneven cell loading
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Figure 11 set fg_scenarii  
1
 : uneven cell loading case A and case B
On figure 1, for the sake of discussion, we consider two ways to sweep unevenness in cell loading, namely uneven cell loading case A and case B. These scenario are based on the even cell load scenario which is defined in [1,2,3]. In both case A and B the cell load is made uneven by raising the CPICH_Ec2/Ior2 of the interferer 1 by some power offset (P.

In both case A and case B, a typical UE type 3i receiver will over-estimate DIP1 by (P dB, because its DIP1 estimate is based on the  
[image: image2.wmf]Ioc

Ec

PICH

C

/

_

ˆ

2

. 

In case A we keep the same DIP values as in the even cell load. Note that when cell 2 load is decreased downto emptiness, that is to say when CPICH_Ec2/Ior2 is raised to up to -3dB or (P is raised up to 7dB, case A becomes unlikely because the UE under such circumstance would have made a handover to cell 2 at some point given that at this point cell 2 CPICH would be better received than cell 1 CPICH at that point. 
In case B instead we keep the same 
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 as in the even cell load scenario, but we decrease the DIP1 by the (P offset. Note that when cell 2 load is decreased downto emptiness, which equates to raise CPICH_Ec2/Ior2 up to -3dB, or (P up to 7dB, at some point interferer 1 would be no longer the strongest interferer, but the second strongest. 
In the sequel, for the sake for simplicity, we simulated a simplified case A, where we applied (P only on the receiver side in type 3i receiver configuration but we actually kept CPICH _Ec2/Ior2 to -10dB in the network side, i.e. the network side is exactly the same between even cell load and uneven cell load. 

3. Link Level Simulation Results for simplified case A
Let 
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Optimal type 3i uses the following parameters: 
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 (dB)
	0 dB
	-2.75
	-7.64
	-8.68
	-7.93
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 (linear)
	1.0
	0.531
	0.172
	0.136
	0.161


We injected in the typical receiver 3i a bias (P in the ideal value of P2 (interferer number 1) to simulate the effect of some uneven cell load, thus :
	
	P1 (serving)
	P2(interf 1)
	P3(interf 2)
	P4(interf 3)
	AWGN

	Pj (dB)
	0 dB
	-2.75
	-7.64
	-8.68
	-7.93

	(P = -( dB
	1.0
	0.531
	0.0
	0.136
	0.161

	(P = -6dB
	1.0
	0.531
	0.172(0.25
	0.136
	0.161

	(P = -3dB
	1.0
	0.531
	0.172(0.5
	0.136
	0.161

	unbiased type3i ((P = 0dB)
	1.0
	0.531
	0.172
	0.136
	0.161

	(P = +3dB
	1.0
	0.531
	0.172(2
	0.136
	0.161

	(P = +6dB
	1.0
	0.531
	0.172(4
	0.136
	0.161

	(P = +9dB
	1.0
	0.531
	0.172(8
	0.136
	0.161

	(P = +12dB
	1.0
	0.531
	0.172(16
	0.136
	0.161

	(P = +15dB
	1.0
	0.531
	0.172(32
	0.136
	0.161

	(P = +18dB
	1.0
	0.531
	0.172(64
	0.136
	0.161

	(P = +21dB
	1.0
	0.531
	0.172(128
	0.136
	0.161


A type 3 receiver was also simulated to check robustness of type 3i, robustness meaning that a type 3i should not make it worse than a type 3.
The simulation results show that the biased type 3i is not worse than a type3 receiver for (P lying from -(dB up to +9dB, and becomes worse than a type 3 receiver for (P above 9dB. 
According the the position of the problem that we have made based on figure 1 for case A & B, a realistic (P bias would lie from 0dB up to 7dB, therefore the simulations conducted in this paper do not conclude that there is any robustness issue against uneven cell load.

Note that we have also considered negative (P. This is because a negative (P gives some hint at what may happen with another uneven cell loading case when all the interferering cells would be fully loaded, whereas the service cell would be partially loaded by some amount -(P. In such a case the interferers would be altogether under-estimated by -(P.

3.1 Pedestrian B 3km/h – Hset6 – QPSK – G=0dB
[image: image15.emf]Hset6 - QPSK - G=0dB (3 interferers) - ideal asumptions - 1000 frames
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Figure 2 :

4. Conclusions

In this contribution, we have studied a simplified case of uneven cell load to check the robustness of a typical type3i receiver implementation against such a situation. 

By typical type3i implementation we mean that the receiver assumes that the distribution of 
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 is the same as that of 
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.
By robustness we mean that the type3i receiver should not perform worse than a type 3 receiver under same situation.
This study has not shown any robustness issues.

Appendix A: Link Level Simulation Parameters and Assumptions

	Parameter


	Assumption

	Chip rate
	3.84 Mcps

	Code structure in serving and interfering base stations
	Modified HSDPA+R99 scenario [1]

	Channel estimation
	Ideal, location and values of channel coefficients are assumed to be known

	Number of bits in A/D converter
	Floating point

	Number of samples per chip (P) for channel synthesis
	P = 2

	Channel ray mapping
	Nearest Tc/P spaced delay, where Tc is one over the chip rate

	SRRC pulse shaping
	On

	Receiver structure
	Type 3 and 3i

	Turbo decoding
	MaxLogMap – 8 iterations

	Number of UE antennas
	Two, fully uncorrelated fading between branches

	Equalizer length
	40 taps (20 chips with 2 samples per chip)

	Noise covariance matrix
	Constructed from ideally known channel coefficients and known AWGN variance

	Scrambling codes
	Serving cell = 0; Interfering cells = 16, 32 48

	Interfering frame offset
	1296, 2576, 3856 chips relative to serving cell

	RV sequence
	QPSK {0, 2, 5, 6}

	Simulation duration
	1000 radio-frames
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