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1. Introduction
This contribution defines test scenarios for ultimately determining the specification performance values of a type 3i receiver.  It is recommended that these test scenarios be used to develop the initial set of link level simulation results without implementation margin.  These results will then form the basis to which implementation margin can be added to arrive at the values used in the specification.  During the interference cancellation study item, a great deal of effort was expanded in defining interference models for determining link level performance [1].  The finally agreed to model was geometry dependent and consisted of five interfering Node-Bs plus residual interference that was modeled as AWGN.  The decision to use five interfering Node-Bs was based on a compromise between a higher number, which would have provided more fidelity at the expense of more complexity, and a lower number which would have provided less fidelity, but less complexity.  It was realized at the time however, that a value lower than five would be desirable from an actual testing point of view, since that would reduce the amount of test equipment required and the complexity of the testing.  In this contribution, we evaluate the sensitivity of throughput to the number of interfering Node-Bs.  Based on the simulation results provided in section 2, it is our recommendation that the number of interfering Node-Bs be reduced to three for actual testing purposes.  In addition, we also define a rather complete definition of proposed test scenarios in section 3, where the primary intent is to verify interference cancellation functionality with a minimum amount of testing.

2. Number of interfering node-Bs
In this section we provide link level simulation results, which justify our recommendation to use just three interfering Node-Bs in the actual testing of type 3i receivers.  Table 1 summarizes the link level simulation results as a function of number of interfering Node-Bs for type 3 and type 3i receivers for a PB3 propagation condition, HSDPA-only OCNS, geometry, G = 0 dB, and normalized power control (PC) algorithm for both QPSK and QAM for both H-Set6 and H-Set 3.  The throughput results for the baseline case of five interfering Node-Bs are shown in the respective top rows for both H-Sets, where the interference profile used is the one based on the weighted average throughput gain defined for G = 0 dB in [2].  The rows labeled 4, 3, and 2 interferers are modified forms of this baseline profile, where the number designates the number of individual Node-Bs with the assumption that the residual AWGN power is increased by the sum of the powers of the interfering Node-Bs removed from the baseline profile.  The DIP ratios in dBs for each of these interference profiles are summarized in Table 2, where the numbers in () indicate the ratios in linear terms.  
As shown in Table 1, the effect of decreasing the number of interfering Node-Bs is to decrease the achievable throughput of the type 3i receiver.  This is as expected for the reference type 3i receiver since the more interfering Node-Bs defined the more interference that can be cancelled.  This is especially true given the assumption of ideal channel estimation, see link level simulation assumptions in Appendix A.  On the other hand, the performance of the type 3 receiver changes very little as a function of the number of interferers since it only attempts to estimate the total interference plus noise power, and not the interfering channel response matrices.  For almost all of the cases shown in Table 1, the throughput gain is about the same for both three and four interfering Node-Bs, with a very slight absolute decrease (1-3%) compared to the baseline case of five.  However, when the number of interfering Node-Bs is decreased to just two, there is a much more noticeable absolute drop in gain of 6-10% in all but one of the cases.  The percentage drop in throughput gain illustrates the effect even more graphically as shown in Figure 1.  A similar statement can also be made about the percentage drop in absolute throughput.  For three and four interfering Node-Bs, the percentage drop in most cases is in the 1-3% range, while a value of two, results in a significant percentage decrease in the range of 5-7%.  Thus, based on these results, it appears that for test purposes we can reduce the number of interfering Node-Bs from five to three with little loss in absolute throughput or throughput gain.  To further decrease to just two interfering Node-Bs would result in a significant decrease in both absolute throughput and relative gain.  Note even though these results are based on a specific set of assumptions (G = 0 dB, PB3, HSDPA-only OCNS, etc.), we expect this conclusion to hold over the wider range of values that have been considered in the study. 

Table 1. Throughput values in kbps for type 3/3i for PB3, HSDPA-only, G = 0 dB, normalized PC.

	Rx Type

Modulation

Ec/Ior, dB
	3

QPSK

-6
	3i

QPSK

-6
	3

QPSK

-3
	3i

QPSK

-3
	3

QAM

-6
	3i

QAM

-6
	3

QAM

-3
	3i

QAM

-3
	Gain
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-6
	Gain
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-3
	Gain
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-6
	Gain

QAM
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4 interferers
3 interferers
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927
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1584
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669
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848
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1078
1082
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1287
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1223
	1.23

1.21
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1.15
	1.20

1.19
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1.19
	1.36

1.34
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1.26
	1.20
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1.13


Table 2. DIP ratios in dB for interference profiles evaluated; numbers in () are linear values.
	Number of interfering Node-Bs
	DIP1
	DIP2
	DIP3
	DIP4
	DIP5
	AWGN

	5
	-2.75

(0.531)
	-7.64

(0.172)
	-8.68

(0.136)
	-13.71

(0.0426)
	-14.59

(0.0348)
	-10.78

(0.0836)

	4
	-2.75

(0.531)
	-7.64

(0.172)
	-8.68

(0.136)
	-13.71

(0.0426)
	NA
	-9.27

(0.1184)

	3
	-2.75

(0.531)
	-7.64

(0.172)
	-8.68

(0.136)
	NA
	NA
	-7.93

(0.161)

	2
	-2.75

(0.531)
	-7.64

(0.172)
	NA
	NA
	NA
	-5.27

(0.297)
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Figure 1. Percentage drop in throughput gain as the no. of interfering Node-Bs are decreased from 5 to 2

3. Proposed test scenarios
In this section we define test scenarios for ultimately establishing the specification performance values for a type 3i receiver.  The proposed test scenarios are summarized in Table 3, where the key parameters along with their recommended values/options are identified.  A remarks column is included which justifies the values/options selected for each of the parameters.   
Table 3.  Test scenario for establishing type 3i performance values.

	Parameter
	Value/Option
	Remarks

	Propagation conditions
	PB3, VA30
	Primary options used in study item phase. 

	Geometry, 
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	0 dB
	Feature provides most gain at low geometries. DIP ratios were only agreed to at 
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 = 0 and – 3 dB

	DIP ratios
	DIP1 = -2.75 dB

DIP2 = -7.64 dB

DIP3 = -8.68 dB

AWGN = -7.93 dB
	Justification to reduce number of interfering Node Bs from 5 to 3 provided in section 2

	Power control
	Normalized as defined in section 7.1.4 of [1] 
	Un-normalized version increased OCNS power thereby degrading throughput plus normalized version is less complex to implement from test equipment perspective.

	Code structure in serving and interfering base stations (OCNS)
	HSDPA-only scenario as defined in sections 7.1.2.2 and 7.1.3.2 in [1]
	Very little difference in performance was observed in study item phase when compared to HSDPS+R99 scenario, plus HSDPA-only scenario should result in easier test equipment implementation since fewer channels are required.

	DTX
	None applied
	No agreement could be reached during study item phase plus some aspects of OCNS definition did attempt to model.  Power control and OCNS definition will provide rigorous test against true multi-user detection receiver implementation.  

	Modulation
	QPSK
	For geometry value of 0 dB and the rest of the conditions assumed, QPSK provides higher throughput than QAM, see Table 1.

	FRC
	H-Set 6
	For QPSK and the rest of the conditions assumed, H-Set 6 supports a higher throughput than H-Set 3, see Table 1.

	Ec/Ior
	-6 and -3 dB
	Values used in study item phase

	Branch (antenna) correlation
	No correlation between branches
	Assumption used throughout study item phase and for prior advanced receivers with two branches

	Scrambling codes
	Serving cell = 0; Interfering cells = 16, 32 48
	Typical values used during study item phase

	Interfering frame offset
	None applied 
	Did not see a significant difference between results presented with and without offset.  Should simplify testing.

	RV sequence
	{0, 2, 5, 6}
	Typical sequence used in study item phase and in specifying performance in TS 25.101


To reduce the amount of actual testing required, we are actually proposing just two scenarios, where the major difference is the propagation condition, either PB3 or VA30.  For all of the other parameters we suggest just one value (or set of values) or option except for Ec/Ior, where we recommend the two values used in the study of -6 and -3 dB.  We feel that the one value/option recommended for each of the other parameters is sufficient to verify the functionality of the interference cancellation feature, and that collectively these set of assumptions represent where this feature is most likely to provide gains in throughput.  Thus, it is our recommendation that participating companies use these two proposed test scenarios to develop the first set of link level simulation results without implementation margin.  These initial results will then form the basis for developing results with implementation margin, which will then be used to set the performance values in TS 25.101 for a type 3i receiver.  Our first set of results without implementation margin for the proposed PB3 test scenario is shown in Figure 2, where the appropriate throughputs are taken from Table 1 and performance is compared to the type 3 receiver.
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Figure 2. Type 3/3i performance for proposed PB3 test scenario. 

4. Conclusions
In this contribution we first evaluated the sensitivity of the type 3i receiver to the number of interfering Node-Bs for a representative set of link level simulation assumptions.  The results of this sensitivity analysis indicate that we should be able to reduce the number of interfering Node-Bs from the baseline value of five used during the study item phase to three for actual test purposes, without significant degradation in absolute or relative throughput performance.  Adoption of this recommendation will reduce the amount of test equipment required and the overall complexity of the testing.  This contribution then defined two primary test scenarios, which we recommend to be used by participating companies to develop an initial set of link level simulation results for type 3i receivers without implementation margin.  These two test scenario are differentiated by the two propagation conditions recommended for testing, PB3 and VA30.  The test scenarios define all of the key parameters along with recommended values or options for each.  Justification is provided for each value/option recommended.  The overall intent is to reduce the amount of testing to the minimum required while still verifying the interference cancellation functionality of the type 3i receiver.    
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Appendix A: Link Level Simulation Parameters and Assumptions

	Parameter


	Assumption

	Chip rate
	3.84 Mcps

	Code structure in serving and interfering base stations
	HSDPA-only scenario, see [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, 64, 80

	Interfering frame offset
	None applied 

	RV sequence
	QPSK {0, 2, 5, 6}, QAM {6, 2, 1, 5}
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