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1. Introduction

Dual antenna receiver is currently being considered as one of the possible enhancements for GERAN Evolution. This enhancement has a potential for significantly improving network capacity and data throughputs based on Rx diversity and interference cancellation techniques. 
After introducing Single Antenna Interference Cancellation (SAIC) in release 6, which improves the downlink performance in interference limited and pure GMSK modulation scenarios, it is clearly a priority to improve performance in other scenarios. Such techniques, based on an additional receive branch, are expected to improve performance of both 8PSK, and GMSK modulation, and in both coverage and interference limited scenarios. 
In this document we concentrate on the latter where interference cancellation aspects of a dual-antenna receiver (DAIC) are dominant. We discuss issues related to DAIC; channel modeling, the effects of correlation, and signaling requirements. We then provide link-level test results for loaded network interference scenarios, in terms of BER, BLER and throughput that may be used as part of the GERAN Evolution Feasibility Study ‎[5].

2. Modelling Assumptions
2.1 Channel Models

The channel model used for each signal source, wanted or interferer is depicted in Figure 1.
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Figure 1: Diversity Channel Model
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 be three independent impulse response realizations of some pre-specified channel model (e.g. RA, TU or HT). Define the channel impulse responses 
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Equation 1
where 
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 is a random phase between
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 which will serve us in defining the correlation coefficient phase (since the correlation coefficient is, in general,  a complex valued number).

This channel model yields the same statistical properties as defined in ‎[2] except for the random phase component. The effect of this component is that even for highly correlated antennas there is still some diversity gain (~1dB).
The correlation coefficient resulting from this setup is:
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Equation 2
Where,
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Equation 3
And now we obtain the solution for
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Equation 4
Note that any real-valued pair 
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 (not necessarily in [0,1]) that satisfies Equation 4 would generate the desired result. Given the desired 
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 is then calculated according to Equation 4.
2.2 Test Scenarios

As proposed in the adhoc meeting on GERAN Evolution‎[2], physical considerations justify the reuse of network scenarios defined in the SAIC Feasibility Study ‎[1], and the interferer distributions derived by network simulations. 

Although in DARP class 1 standardization it has been found that simplified scenarios denoted DTS-1 through DTS-5 yield comparable SAIC performance in link-level simulations this has not yet been shown for dual-antenna interference cancellation techniques. 

It is therefore proposed to initially simulate the interference distribution derived directly from system simulations to characterize the gains of DAIC techniques in the GERAN Evolution Technical Report.

For completeness the test scenarios summary table from the SAIC Feasibility Study is copied below.
Table 1: Interferer levels for network configurations 1-4

	Link Parameter
	Configuration 1 
	Configuration 2 40% Load
	Configuration 3 70% Load
	Configuration 4

	Desired signal, C

TSC

Fading
	TSC0
	TSC0
	TSC0
	TSC0

	Dominant Coch. Interf.

TSC

Fading
	Random TSC excluding TSC0


	Random TSC excluding TSC0
	Random TSC excluding TSC0
	Random TSC excluding TSC0

	2nd Strongest Coch. Interf.

Ic1/Ic2

TSC

Fading
	10 dB

Random TSC
	6 dB

Random TSC
	4 dB

Random TSC
	9 dB

Random TSC

	3rd Strongest Coch Interf.

Ic1/Ic3

TSC

Fading
	20 dB

Random TSC
	10 dB

Random TSC
	8 dB

Random TSC
	17 dB

Random TSC

	Residual Coch. Interf.

(filtered AWGN)

Ic1/Icr

TSC

No Fading
	-

NA
	9 dB

NA
	5 dB

NA
	20 dB

NA

	Dominant Adj. Interf.

Ic1/Ia

TSC

Fading
	15 dB

Random TSC
	14 dB

Random TSC
	14 dB

Random TSC
	16 dB

Random TSC

	Residual Adj. Interf. 

(filtered AWGN)

Ic1/Iar1
TSC

No Fading
	20 dB

NA
	15 dB

NA
	14 dB

NA
	21 dB

NA


2.3 Impairments

Receiver impairments were not included in the simulation conditions. However no side information is used in the receiver, i.e. parameters like channel taps, frequency and timing are all estimated.
The branches were assumed to be symmetrical (Ant2_Gain = 1) since gain imbalance is assumed not to effect interference performance. 

2.4 Antenna Correlation

Preliminary simulations we ran with the DAIC receiver have shown that the performance gain of a dual-antenna receiver is not seriously affected if the correlation coefficient is maintained below 0.7. 

The results presented in the rest of this document were simulated using  = 0, since it is assumed feasible to achieve correlation coefficient of less than 0.6 in a typical MS.
Figure 2 shows the performance gain dependence on correlation coefficient. Note that when antennas are highly correlated there is still some gain due to the assumed random phase shift between them.
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Figure 2: The effect of antenna correlation on DAIC gain at 1% BER
3. Impacts to the Mobile Station

Beyond the increase in size cost and complexity, there is also the impact on power consumption that needs to be considered.

In IDLE DRX the increase in MS power consumption would substantially degrade the waiting time supported with a specific battery. Substantial degradation of battery life is also expected for high-multislot packet switched channel allocations.
It is therefore proposed to allow the MS to disable the 2nd receive branch in DRX mode, since in such cases the link budget is expected to be more favorable than in packet, or CS traffic modes.

It has already been proposed to allow the flexibility to reuse the 2nd receive branch to support either Multi-Carrier (MC) or receive diversity by network control ‎[4].

We propose to introduce further signaling that will allow the network to delegate the decision to a DAIC capable MS whether to disable the 2nd branch altogether. 

For example in areas where the network is not expecting high cell loading, or coverage issues the network may decide to let the MS utilize Rx level, and interference measurement to further optimize the power consumption vs. performance tradeoff.

4. Impacts To the Core Network

It should be possible for the MS to signal its DAIC capabilities to the network. 

The network should be able to signal the MS how to use the dual receive paths, e.g. 

· RxDiv – The MS must utilize its diversity capabilities

· MC – The MS should switch its 2nd receive branch to the 2nd carrier
· RxDiv-Optional - The MS may decide to switch off its 2nd receive branch.
5. Link-Level Results
Link-level simulations were performed with the modeling assumptions above with synchronized network model. 8000 bursts were simulated for each point. 
As it was suggested in the adhoc meeting to use the single cochannel scenario (DTS-1) to characterize the diversity receiver ‎[3], we tested the performance of the DAIC receiver in this scenario and compared it to a loaded network scenario. 

As expected the gain obtained in DTS-1 is much higher than in the more realistic loaded network scenario. We conclude that the test scenarios for diversity receivers should be carefully picked in order to avoid overly optimistic and unrealistic performance results.
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	(a)
	(b)

	Figure 3. A comparison of DAIC uncoded BER performance gain for (a) single co-channel interference (DTS-1) and (b)Network Config2 


5.1 GMSK BER

The uncoded BER curves of the DAIC receiver are compared to the conventional receiver curves in Figure 4 - Figure 5. The interferers are all GMSK. 
The results demonstrate very high gains of 6.4dB – 7.1dB. The gain seems robust for different interferer distributions.
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	(a)
	(b)

	Figure 4. Uncoded BER Performance comparison of the DAIC and conventional GMSK receivers for Synchronized Network (a)Config1, and (b)Config2 
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	(a)
	(b)

	Figure 5. Uncoded BER Performance comparison of the DAIC and conventional GMSK receivers for Synchronized Network (a)Config3, and (b)Config4


5.2 8-PSK BER

The uncoded BER curves of the DAIC receiver are compared to the conventional receiver curves in Figure 6 - Figure 7. The interferers are all 8PSK. The results demonstrate that, unlike SAIC techniques, DAIC yields huge gains of 7.0dB – 7.5B at 1% BER for 8-PSK channels in loaded network scenarios.
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	(a)
	(b)

	Figure 6. Uncoded BER performance comparison of the DAIC and conventional 8PSK receivers for Synchronized Network (a)Config1, and (b)Config2 
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	(a)
	(b)

	Figure 7. Uncoded BER performance comparison of the DAIC and conventional 8PSK receivers for Synchronized Network (a)Config3, and (b)Config4


5.3 AMR FER

The TCH/AFS FER curves of the DAIC receiver are compared to the conventional receiver curves for AMR 12.2, 7.95 and 5.9 in Figure 8 - Figure 9. The interferers are all GMSK. The results show DAIC performance gains of 3.8dB – 6.3dB at 1% FER in loaded network scenarios.
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	(a)
	(b)

	Figure 8. TCH/AFS FER Performance comparison of the DAIC and conventional receivers for Synchronized Network (a)Config1, and (b)Config2
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	(a)
	(b)

	Figure 9. TCH/AFS FER Performance comparison of the DAIC and conventional receivers for Synchronized Network (a)Config3, and (b)Config4


5.4 GPRS BLER

The PDTCH BLER curves of the DAIC receiver are compared to the conventional receiver curves for CS1-4 in Figure 10 - Figure 11. The interferers are all GMSK. The results show DAIC performance gains of 4.7dB – 7.2dB at 10% BLER in loaded network scenarios.
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	(a)
	(b)

	Figure 10. GPRS BLER Performance comparison of the DAIC and conventional receivers for Synchronized Network (a)Config1, and (b)Config2
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	(a)
	(b)

	Figure 11. GPRS BLER Performance comparison of the DAIC and conventional receivers for Synchronized Network (a)Config3, and (b)Config4


5.5 EGPRS BLER

The PDTCH BLER curves of the DAIC receiver are compared to the conventional receiver curves for MCS5-9 in Figure 12 - Figure 13. The interferers are all 8PSK. The results show DAIC performance gains of 5.1dB – 7.6dB at 10% BLER in loaded network scenarios.
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	(a)
	(b)

	Figure 12. EGPRS BLER Performance comparison of the DAIC and conventional receivers for Synchronized Network (a)Config1, and (b)Config2
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	(a)
	(b)

	Figure 13. EGPRS BLER Performance comparison of the DAIC and conventional receivers for Synchronized Network (a)Config3, and (b)Config4


5.6 Throughput Performance (Hull Curves)

The optimal throughput curves for GPRS and EGPRS are shown in this section. These curves are obtained by selecting the CS or MCS that yields the maximal throughput for each C/I as defined in Equation 5.

Figure 14 compares the hull curves of the DAIC and SAIC receivers to that of a conventional receiver for GPRS CS1-4 in loaded network scenarios. 

Figure 15 compares the hull curve of the DAIC receiver to that of a conventional receiver for EGPRS MCS5-9 in loaded network scenarios.
It could be appreciated how much better the throughput performance of DAIC with respect to SAIC or conventional receivers, and what enormous performance boost EGPRS gets at typical C/I levels of 10 – 20dB.
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	(a)
	(b)

	Figure 14. GPRS Hull-curve comparison of the DAIC, SAIC and conventional receivers for Synchronized Network (a)Config2, and (b)Config3
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	(a)
	(b)

	Figure 15. EGPRS Hull-curve comparison of the DAIC and conventional receivers for Synchronized Network (a)Config2, and (b)Config3


6. Conclusions / Recommendations

This document describes the models and test scenarios used to evaluate a practical dual-antenna interference cancellation receiver for GERAN evolution. 

It demonstrates that the very large performance benefits are not significantly diminished with antenna decorrelation assumed to be achievable in a handheld form-factor.
It also demonstrates that the single cochannel interferer case is probably not a good test scenario for receivers with Rx diversity due to optimistic results.

In addition, this document presents link-level simulation results for several voice, and PS data logical channels, and demonstrates that the very large performance gains are maintained for 8PSK modulation. It is therefore expected that such techniques will significantly improve network capacity and data throughput. 

We propose to use the link-level simulation results in the GERAN Evolution Feasibility Study.
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� After the Rx filter assuming an 18dB ACP.
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