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1.
Introduction

This document assesses the issue of CPICH interference mitigation accuracy by means of link level simulations. This is done by comparing the performance gains available of an ideal pilot cancellation receiver (i.e., perfect cancellation), with the performance gains available under realistic reception conditions, taking into account various receiver impairments and imperfections (e.g., time, frequency, and channel estimation).  This work is presented as part of the current 3GPP study underway on CPICH interference mitigation, (e.g., [1,2]).

The issue of CPICH interference mitigation accuracy was also recently addressed in [2], which considered a number of 2 base station scenarios. Most of these examples, however, were where both base stations were relatively strong and in the Active Set. This contribution focuses on the question of overall cancellation accuracy where there are a number of weaker neighboring base stations not in the Active Set.

In the next section we present the link level simulation assumptions and parameters. Following that, we provide simulation results illustrating CPICH cancellation accuracy under realistic conditions, considering both Active Set and non-Active Set pilot channels. The results indicate that a relatively high degree of accuracy is feasible in cancelling CPICH interference, even for weaker non-Active Set CPICH channels. 

2.
Simulation Parameters and Assumptions

The link level simulation assumptions/parameters for the ideal simulations presented here are described in Annex A, and mostly follow the standard assumptions used for FDD simulations in RAN Work Group 4. In order to consider multipath with non-integer chip delays, the simulations involving Case 3 utilize a slightly different delay profile than what appears in [9, Annex B], namely [0, 326, 651, 977] ns, (as agreed upon by RAN Work Group 4).  (Note that unlike in [2], this modified Case 3 channel was used here for both the ideal and non-ideal simulations.)  Also, the different values that were listed for CPICH_Ec/Ior were included to enable the study to consider multi-base link level simulations with surrounding cells transmitting at less than full power. Thus, if we assume that P-CPICH_Ec/Ior of the neighboring base station is –7 dB, this corresponds to an assumption of the base station transmitting at 50% of peak transmit power. 

In order to assess the accuracy of CPICH interference mitigation including weaker non-Active Set CPICH channels, this contribution considers a particularly demanding scenario:

· 7 base station scenario with relative power levels of: {0, -3, -6.7, -9.0, -11.0, -12.0, -18.0}

· Only the first two base stations are in the Active Set (in soft handover).
The power levels are approximately equivalent to Ior1/Ior(other) = 0 dB).  Note that while the weakest cell above is processed perfectly by the ideal simulations, this cell is ignored by the non-ideal simulations and serves only as a source of additional interference.

The non-ideal simulations were conducted under more realistic reception conditions, taking into account various receiver impairments and imperfections including time, frequency, and channel estimation. The assumptions of these simulations include:

· Channel Estimation Active

· Frequency Drift Model – A +/- 5ppm crystal is assumed for the UE (resulting in a frequency error of +/- 10Khz before correction)
· Time Drift Model – The time drift is assumed to be caused by frequency error

3.
Simulation Results

Pilot interference cancellation gains were computed for both the ideal and non-ideal simulations by comparing the required Ec/Io needed for the data channel for the pilot cancellation receiver to that needed for the conventional receiver. The cancellation accuracy, or efficiency was computed by computing

Non-Ideal Gain / Ideal Gain

for each of the scenarios. The results of the simulations are tabulated in Table 1. Channels considered are Case 1, Case 2, and Case 3, respectively, as well as 12.2 kbps voice and 64 kbps data services. For all simulations, CPICH_Ec/Ior1 = -10 dB. As shown in the Table, results are presented for situations where the CPICH_Ec/Ior for the other 6 base stations are either all –10 dB or all –7 dB. The simulation results are presented only for 10% FER, in order to obtain reasonable simulation run-times. Results in [2], however, did not noticeably differ between 1% and 10% FER.

For the slow fading channels of Case 1 and Case 2, the results illustrate cancellation accuracy generally in the neighborhood of 85-90%.  For Case 3, where the worst case assumption has been made that the mobile is traveling 120 km/hr relative to all base stations, (and all multipath components), the cancellation accuracy decreases to 75-81%. 

The relatively high cancellation accuracy results illustrated here for weaker pilot channels are not intuitively surprising. The major source of potential error in pilot cancellation is generally the channel estimation. Channel estimation, however, enjoys a large processing gain relative to the Doppler frequency, on the order of (Chip_Rate / Doppler_Frequency). This is equivalent to processing gains of 59 and 43 dB for the slow fading and fast fading examples, respectively.

	Table 1: Cancellation Accuracy Simulation Results for Various Scenarios 

(Evaluated at BLER = 10-1)

	Channel
	Service
	CPICH_Ec/Ior {Cells 2-7} = -10 dB
	
	CPICH_Ec/Ior {Cells 2-7} = -7 dB
	
	Average Cancellation Accuracy

	
	
	
	
	
	
	

	Case 1
	Voice
	92
	
	89
	
	88.5%

	
	Data
	86
	
	87
	
	

	
	
	
	
	
	
	

	Case 2
	Voice
	91
	
	82
	
	86.8%

	
	Data
	85
	
	89
	
	

	
	
	
	
	
	
	

	Case 3
	Voice
	75
	
	81
	
	78.3%

	
	Data
	76
	
	81
	
	


4.  
Conclusion

This document addressed the potential accuracy of CPICH interference mitigation under relatively demanding conditions, including a 7 base station scenario, with mostly weaker pilots not in the Active Set. Both slow fading and fast fading examples were considered. The fast fading examples should be considered as pessimistic, since the UE was considered to be travelling 120 km/hr relative to all base stations and multipaths.

Relatively high cancellation accuracies were obtained for the scenarios considered. The simulations reported here for the slow fading examples indicated CPICH mitigation accuracies generally in the range of 85-90%; for the fast fading examples, accuracies were found to be in the range of 75-81%. 

Annex A: Link Level Simulation Assumptions 


	Parameter
	Value

	1. Chip Rate
	3.84 Mcps

	2. Closed Loop Power Control
	OFF

	3. AGC
	OFF

	4. Channel Estimation
	Ideal

	5. Number Samples Per Chip
	4

	6. Propagation Conditions
	As specified in Annex B of TS 25.101, with multipath delay profile of Case 3 changed to 0, 326, 651, 977 ns

	7. Number of Bits in AD Converter
	Floating Point Simulations

	8. Number of RAKE Fingers
	Equal to number of taps in propagation condition models, (up to a maximum of 6).

	9. Downlink Common Physical Channels and Power Levels (excluding P-CPICH)
	CPICH_Ec/Ior 


	= -10, -7 dB

	10. 
	PCCPCH_Ec/Ior 


	= -12 dB

	11. 
	SCH_Ec/Ior 
	= -12 dB

	12. 
	PICH_Ec/Ior 
	= -15 dB

	13. 
	OCNS_Ec/Ior 
	As specified in 25.101 Annex C

	14. 
	DPCH_Ec/Ior 
	= power needed to meet required BLER target

	15. Target BLER
	10-1

	16. BLER Calculation
	BLER is calculated by comparing transmitted and received bits.

	17. PCCPCH, PICH, DCCH Models
	Random symbols transmitted, ignored in the receiver

	18. TFCI Model
	Random symbols, ignored in the receiver but it is assumed that the receiver gets error free reception of TFCI information

	19. Used OVSF and Scrambling Codes
	Codes are chosen from the allowed set

	20. Turbo Decoding
	MaxLogMap algorithm is used with 8 iterations

	21. SCH Positions
	Offset between SCH and DPCH is zero chips, i.e., the SCH overlaps with the first symbols in DPCH at the beginning of DPCH slot structure

	22. Measurement Channels
	12.2 kbps and 64 kbps as specified in Annex A of TS 25.101 [7]

	23. Phase Reference
	P-CPICH
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� Note that the Case 1 simulations reported in [2] also addressed Non-Active Set Cancellation using 2 base station examples where Ior1/Ior2 was 9 dB.
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