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1. Introduction 

This contribution addresses the complexity of CPICH (Common Pilot Channel) interference cancellation, which is a potential method for mitigating the effect of CPICH interference at the UE. In particular, we consider the amount of pilot interference terms that need to be estimated and cancelled in order to obtain nearly the full potential gain available from CPICH interference cancellation. Previous contributions [1-4] have presented results indicating that the potential capacity gain is approximately equivalent to the percentage of total power seen by the UE that corresponds to pilot channels, (generally in the vicinity of 10-20%).  This contribution is offered as part of the 3GPP study currently under way that is examining the feasibility of mitigating the effect of CPICH interference, from the point of view of both performance and complexity. 

In the next section we briefly review the concept of pilot interference cancellation (IC) and in Section 3 we consider the reduction in implementation complexity available through the selection of only the strongest pilot interference terms for estimation and cancellation. Simulation assumptions and results are presented in Section 4; the simulations illustrate that pilot interference term selection can reduce complexity without significantly degrading performance. Finally, overall system complexity is briefly addressed in Section 5.

2. CPICH Interference Cancellation

CPICH interference cancellation is a method that can mitigate the effect of CPICH interference at the UE. The idea behind this method is to cancel at the UE the multiple access interference (MAI) associated with the Common Pilot Channels (CPICH’s) of the same-cell and other-cell Node B’s, (see Figure 1). Since each UE utilizing this procedure sees less effective interference, it will require less transmitted power from the Node-B to obtain its desired block error rate. This transmit power savings can be used to support more users, or to provide higher data rates to the users. 

The CPICH channel takes up a significant portion of the total Node-B transmit power, and thus, cancelling its interference effect is particularly advantageous. For example, a Primary CPICH (P-CPICH) power allocation value of 10% (i.e., P-CPICH_Ec/Ior = -10 dB) is suggested in [3], which translates approximately to at least a 10% potential increase in capacity. In addition, since all of the surrounding Node-B’s are unlikely to be transmitting at full power (peak load) at the same time, the percentage of interference attributable to the pilot channels may be larger, (since the CPICH_Ec/Ior is fixed and referenced to maximum transmit power). 

If in addition to the P-CPICH channel there is a Secondary CPICH (S-CPICH) channel enabled, the total relative pilot power increases (e.g., to 20% as per [3, Annex C.3.2]). In this case, cancelling both P-CPICH and S-CPICH channels would provide approximately double the capacity gains.

CPICH interference cancellation is particularly attractive because of its relatively low implementation complexity, as compared to DCH interference cancellation. The information content and structure of the pilot channels are known a priori, which facilitates accurate estimation and generation of interference terms. 
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Figure 1: Diagram illustrating pilot interference cancellation 
3. CPICH Interference Term Selection

We can reduce the amount of interference estimation and cancellation needed if the UE is capable of selecting the stronger interference terms for processing [1]. The number of interference terms seen by the UE over all RAKE fingers can in practice be quite large. Each pilot path received by the UE contributes interference to each finger of the RAKE receiver.  Thus, if there are P paths (originating from one or more base stations) and L RAKE fingers at the UE, then there are a total of (P-1)*L interference terms to potentially estimate and cancel at the output of the RAKE. (The reason why there are P-1 (and not P) terms to cancel from each RAKE finger is because one of the pilot paths will be orthogonal to the DCH path received over each RAKE finger, due to the orthogonality of the spreading codes in UMTS Wideband CDMA systems.) As an example, if a UE with a 6-finger RAKE receives signals from four base stations, with each signal exhibiting an ITU Vehicular A channel multipath profile, (i.e., six multipaths), then there are 138 pilot interference terms seen at the receiver.

In this contribution we utilize a simple selection algorithm, which chooses which interference terms to cancel based simply on amplitude estimates of each pilot path, which can easily be obtained from the outputs of the pilot despreaders.  In this approach, the pilot path amplitudes weighted by the RAKE combining finger weights are used to determine which interference terms to generate and cancel at the receiver.

An illustration of the amount of reduction available through this technique is illustrated in Figure 2a (left side), where the average percentage of total pilot power interference cancelled is plotted as a function of the number of terms processed.  In this example, we consider (1) the UE receives four base station signals with relative powers equal to 0, 0, -3, and -6 dB, (2) the multipath profile of each of these signals is described by the ITU Vehicular A channel model (Table 2 and [5]), and (3) the UE utilizes 4 RAKE fingers. The figure illustrates the ability to drastically reduce the number of interference terms to cancel, while still eliminating the vast majority of the average pilot interference power. In particular, processing 25 terms out of the possible 92 terms appears to obtain approximately 93% of the total average pilot power. For UEs closer to the center of the cell (which see fewer other-cell base stations), or in environments with less multipath components, the number of terms needed would be drastically reduced. For example, in Figure 2b (right side), a 2-base station example with relative powers equal to 0, and –6 dB is given for a Case 1 multipath environment (Table 2 and [6]), where only a few terms would seem to be needed for processing. 
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Figure 2: Average fraction of total pilot power as a function of number of selected interference terms.  Example 1 (left): ITU Vehicular A channel, 4-Finger RAKE, 4 base stations with relative power equal to 0, 0, -3, and –6 dB; Example 2 (right): Case 1 channel, 2-Finger RAKE, 2 base stations with relative power equal to 0 and –6 dB.

4. Simulation Assumptions and Results for CPICH Interference Term Selection

The general simulation assumptions used for the results reported in the next section are described in Table 1 in the Appendix. These assumptions include a 4-finger RAKE, and the ITU Vehicular A channel model, (Table 2). In addition we have assumed that the channel taps are not known a priori, and thus, a channel tap estimator was used. 

We consider a 4-base station configuration described in Table 3 in the Appendix, with all users having equal power. The delay profile used for each Node B is identical but shifted in time by 10 chip periods (2604 ns, see also [6, Sec. 8.6.3]). The Ec/Ior values for the P-CCPCH, SCH, and PICH channels were set as described in [6, Annex C.3.2]. Note that the values for Ioc listed in Table 3 is based on an 8 dB noise figure.

While the target Node B (Node B 1) is assumed to be maximally loaded, with a P-CPICH_Ec/Ior value of     -10 dB [3, Annex C.3.2], we assume the neighboring base stations are only transmitting at half their maximum transmission power, which translates to a doubling of the relative power allocated to the pilot; thus, we assume the P-CPICH_Ec/Ior of the other-cell Node B’s are –7 dB.  

Results are plotted in Figures 3 and 4 for the voice and data BLER performance, respectively, as a function of the number of active equal power users. Curves are provided for the pilot interference cancellation with selection of 60 terms (virtually all terms), 30 terms, and 20 terms. As can be seen, the performance degradation resulting from the selection of interference terms is minimal. In all cases, the performance gains relative to the conventional receiver are in the vicinity of 20%. 
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Figure 3: Performance comparison of pilot interference cancellation with 20, 30, and 60 pilot interference terms selected for estimation and cancellation- 64 Kbps Data Users, ITU Vehicular A channel model, 4 RAKE fingers, and 4 base stations with relative powers of 0, 0, -3, and –6 dB.
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Figure 4: Performance comparison of pilot interference cancellation with 20, 30, and 60 pilot interference terms selected for estimation and cancellation- Voice Users, ITU Vehicular A channel model, 4 RAKE fingers, and 4 base stations with relative powers of 0, 0, -3, and –6 dB.

5. Implementation Complexity 

The key component of pilot interference cancellation is the calculation of a crosscorrelation term between pilot spreading code and voice/data channel spreading code, (see Appendix in [1] for more details). Fortunately, this operation has a very simple hardware implementation, which is illustrated in Figure 5. Note that four of these components are needed to perform a full crosscorrelation calculation since the spreading codes are complex-valued.

The other main components needed for CPICH interference cancellation are: 

1. Pilot despreaders and channel estimators

2. Weighting of the crosscorrelations (i.e., according to the channel and transmit/receive filter response) to generate the interference terms

3. Cancellation of the interference terms at the RAKE receiver

The complexity is clearly directly dependent on the number of pilot interference terms that need to be generated and cancelled. The results of Section 4 indicated that even in a somewhat worst case UE scenario (i.e., 4 RAKE fingers, 6 multipaths, relatively strong signals received from 4 base stations), 20 interference terms would be sufficient to obtain practically all of the available gain, (i.e., an average of 5 terms per RAKE finger). Using this number, we have estimated the total hardware gate count for CPICH interference cancellation to be less than 100K gates, the DSP requirements to be less than 5 MIPS, and the current consumption to be less than 10mA. These numbers are merely presented as comfortable upper bounds, in order to address feasibility. Note also that since most UEs will see fewer significant pilot paths, it may be possible to reduce the number of interference terms further, resulting in a further decrease in complexity.
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Figure 5: Cross-correlation computation component of Pilot Interference Cancellation

6. Summary and Conclusion

In this contribution we have illustrated the large reduction in complexity for pilot interference cancellation that is possible through the selection of the stronger pilot interference terms for estimation and cancellation. The approach outlined here can be implemented in a relatively small amount of chip area, with negligible apparent cost to the UE. Upper bounds on complexity were given as 100K gates, 5 MIPS DSP processing, and 10mA current consumption. Also, despite significantly limiting the number of potential interference terms to cancel, the results here indicate that performance does not significantly suffer. Thus, using pilot interference cancellation with interference term selection provides a low-complexity approach for mitigating the effect of pilot interference at the UE, and for obtaining the potential capacity gains, estimated in [1-4] to be in the range of 10-20%. 

Appendix: Simulation Assumptions and Parameters

	Table 1:  Simulation Assumptions

	Parameter
	Explanation/Assumption

	Chip Rate
	3.84 Mcps

	Power Control
	OFF

	AGC
	OFF

	Channel Estimation
	Estimated

	Number of samples per chip
	8

	Propagation Conditions
	ITU Vehicular A Channel Model (see [5] and Table 2 below)

	Number of bits in AD converter
	Floating point simulations

	Number of Rake Fingers 
	4

	Downlink Physical Channels and Power Levels
	CPICHP_Ec/Ior 
	Node B # 1 = -10 dB

Node B #2 - #4 = -7 dB

	
	PCCPCH_Ec/Ior 
	= -12 dB

	
	SCH_Ec/Ior 
	= -12 dB 

	
	PICH_Ec/Ior 
	= -15 dB

	
	OCNS_Ec/Ior.
	= Necessary power so that total transmit power spectral density of Node B (Ior) adds to one

	
	DPCH_Ec/Ior 
	= Power needed to meet the required BLER target

	BLER calculation
	BLER has been calculated by comparing transmitted and received bits. 

	PCCPCH, PICH, DCCH model
	Random symbols transmitted, ignored in the receiver

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

	Used OVSF and scrambling codes
	Codes are chosen from the allowed set.
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 values
	See Table 3

	Turbo decoding
	MaxLogMap algorithm is used with 8 iterations

	SCH position
	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

	Measurement Channels 
	As specified in Annex A of TS 25.101


	Table 2: Propagation Conditions (Channel Models)

Note: All fading taps have classical Doppler spectrum

	Case 1, 

Speed 3 km/h

[6, Annex B.2.2]
	ITU Vehicular A, 

Speed 120 km/h

[5]

	Relative Delay [ns]
	Average Power [dB]
	Relative Delay [ns]
	Average Power [dB]

	0
	0
	0
	0

	976
	-10
	310
	-1

	
	
	710
	-9

	
	
	1090
	-10

	
	
	1730
	-15

	
	
	2510
	-20


	Table 3: Simulation Configuration

	Parameter
	Node B # 
	Unit
	Voice 
	Data 

	Phase Reference
	#1 - #4
	
	P-CPICH

	Information Data Rate
	#1 - #4
	kbps
	12.2
	64

	Propagation Conditions
	#1 - #4
	
	ITU Vehicular A

	Relative Power
	Node B #1
	dB
	0

	
	Node B #2
	dB
	0

	
	Node B #3
	dB
	-3

	
	Node B #4
	dB
	-6
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	Node B #1
	dBm/3.84 MHz
	-100
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	Node B #1
	dBm/3.84 MHz
	-63

	
	Node B #2
	dBm/3.84 MHz
	-63

	
	Node B #3
	dBm/3.84 MHz
	-66

	
	Node B #4
	dBm/3.84 MHz
	-69

	P-CPICH_Ec/Ior
	Node B #1
	dB
	-10

	
	Node B #2-#4
	dB
	-7
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