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1. Introduction 

This contribution proposes the use of CPICH (Pilot) Interference Cancellation at the UE terminal, as a means for improving downlink capacity. The results presented here and in [1,2] indicate that pilot interference cancellation can increase capacity by approximately 10-20%. Significantly, this capacity gain comes at a price in complexity that is relatively very small.  As a result, we propose the incorporation of pilot interference cancellation in the minimum performance requirements for a Release 4 (FDD) UE. 

In the next section we briefly outline the concept of pilot interference cancellation, and in Section 3 we describe the assumptions used for the simulations reported in this document. Simulation results are then presented in Section 4, which demonstrate the significant capacity gains available when employing UE pilot cancellation. In Sections 5 and 6, examples of test procedures, parameters, and performance requirements are shown to illustrate the testing of the proposed UE receiver.  

2. CPICH Interference Cancellation

The idea proposed here 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. 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 low implementation complexity. The information content and structure of the pilot channels are known a priori, which makes accurate estimation and generation of interference terms relatively simple. Thus, the more costly approaches that have been proposed for DCH interference cancellation, such as incorporating multi-stage interference cancellation configurations, are not needed for pilot interference cancellation. The approach proposed here can be implemented in digital baseband hardware in a relatively small amount of chip area, with negligible effect on UE cost.

A further benefit of pilot interference cancellation may be improved handover performance. Since the pilot interference cancellation receiver processes additional pilots, the additional despreaders and channel estimators can be used to more efficiently find strong pilots or multipath components, enabling the receiver to more quickly convert this energy from interference to useful signal. In addition, the load on the searcher may be reduced, enabling the searcher to more effectively look for neighboring base stations. 

Pilot interference cancellation is briefly illustrated in Figure 1. The key component of the interference cancellation – the calculation of a pilot crosscorrelation term – is depicted in Figure 2, and is very simple to implement. Note that four of these components are needed to perform a full crosscorrelation calculation because the spreading codes are complex-valued. For additional details including equations describing this procedure, see [1, Appendix].
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Figure 1: Diagram illustrating pilot interference cancellation 
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Figure 2: Cross-correlation computation component of Pilot Interference Cancellation

3. Simulation Assumptions

The general simulation assumptions used for the results reported in this contribution are described in Table 1 in the Appendix.  This table also illustrates some of the differences in the assumptions used for the two types of simulations discussed here, i.e., for the capacity simulations (next section) and the performance requirements test simulations (Section 6). To illustrate the capacity gains available from using pilot interference cancellation, we have chosen, as an example, one of the channel models recommended by the International Telecommunications Union (ITU) for capacity and coverage evaluation, namely the Vehicular A channel model, [4]. In addition, in order to fairly assess the potential performance loss from imperfect channel estimation (and thus, imperfect interference cancellation), we have assumed that the channel taps are not known a priori at the receiver, and thus, a channel tap estimator was used in the two capacity simulation examples. For the performance requirements tests, however, we have utilized the conformance-testing channel models recommended in [3, Annex B] and assumed an ideal channel estimator; both assumptions have been previously utilized for the simulations conducted to obtain the performance requirements values found in [3]. For convenience, the channel models referred to in this document are described in Table 2 in the Appendix. 

4. Simulation Capacity Results

For the capacity simulations, we consider the 2-base station configuration described in Table 3 in the Appendix, with all users having equal power. Voice and 64 Kbps data simulations are considered using the Vehicular A channel model described in [4], (with speed 120 km/hr [4]).  The delay profiles used for each Node B are identical but shifted in time by 10 chip periods (2604 ns, see also [3, Section 8.6.3]). The Ec/Ior values for the P-CCPCH, SCH, and PICH channels were set as described in [3, Annex C.3.2]. Note that the value of Ioc listed in Table 3 is based on an 8 dB noise figure, and the assumption that there is no additional interference from other Node B’s, (i.e., Ioc is equivalent to the thermal noise).
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 station is only 50% loaded (i.e., transmitting at half its 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 second Node B is –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 performance both with and without pilot interference cancellation. In both figures, a capacity improvement of roughly 20% is shown when using the proposed receiver. 

Extensive additional results illustrating similar capacity gains using a number of different ITU channel models and using 4-base station configurations can be found in [2].

[image: image3.wmf]18

20

22

24

26

28

30

32

34

10

-2

10

-1

BLER

Capacity Results, Voice Users

Number Of Users

Conventional Receiver

Proposed Receiver    

Figure 3: Capacity performance with & without pilot interference cancellation – Voice Users
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Figure 4: Capacity performance with & without pilot interference cancellation – Data Users
5. Performance Requirements Tests: Procedures and Parameters 

In this section, we outline some example performance requirements tests that could be incorporated into [3, Sec. 8] in order to test the UE for successful pilot interference cancellation. For these tests, we utilize mostly the same assumptions and configuration parameters that were utilized for the capacity simulations. Two differences, previously noted, were that we utilize the conformance testing channel models recommended in [3, Annex B], and we assume the use of an ideal channel estimator.  Another important difference is that the channel model of the second Node B is always set to the Static channel model. This was done in order to ensure that the other-cell interference looks fairly AWGN, as is generally assumed for the performance requirements tests in [3]. Because of this, and because most of the other test parameters were set to the values generally used for 3GPP Work Group 4 performance requirements test simulations, the simulation results reported here without pilot interference cancellation are in good agreement with the results reported in [3, Sec. 8] for the voice and 64 kbps data performance requirements tests.

The configuration test parameters are summarized in Table 4 in the Appendix. As can be seen, we have considered two Node B configurations. The first configuration assumes that the P-CPICH_Ec/Ior of the neighboring Node B is –7 dB, which corresponds to an assumption of a Node B with 50% load. We have also considered a second configuration with the P-CPICH_Ec/Ior allocation of the second Node B increased to a less common –3 dB, (i.e., 20% Node B load). This latter configuration has the advantage of providing a larger performance difference between the conventional and proposed receivers, which facilitates conformance testing.  

The diagram in Figure 5 illustrates the test connections that can be used for the pilot interference cancellation tests. This test connection design is very similar to the one proposed for the inter-cell soft-handover tests in [5]. The steps in the test procedure would include:

1. Connect the System Simulators, multipath fading simulator, and AWGN noise source to the UE antenna connector as shown below.

2. Disable soft-handover.

3. Set up the call between the UE and System Simulator #1.

4. Set the test parameters for the tests as specified in Table 4 in the Appendix.

5. Count, at the System Simulator, the number of information blocks transmitted and the number of correctly received information blocks at the UE.

6. Measure the BLER of the DCH channel.
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Figure 5: Connections for Pilot Interference Cancellation Tests
6. Performance Requirements Tests: Results

The simulation results for the proposed performance requirements tests are reported in Figures 6 – 17, and summarized in Table 5 in the Appendix.  We have considered voice and 64 kbps data examples, and the Static, Case 2, and Case 3 channel models of [3, Annex B]. As can be seen, the use of pilot interference cancellation tightens the UE minimum performance requirements by approximately 0.8 to 1 dB for the first set of test configurations, and by approximately 2.3 to 3 dB for the second set of test configurations. 

Note that the margins added to the performance requirements results (see Table 5) were chosen in accordance with those commonly used by Work Group 4 for establishing minimal performance requirements, (e.g., see [6,7]).
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Figure 6: Configuration 1, Test 1 - Demodulation in Static Propagation Conditions, Voice Users
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Figure 7: Configuration 1, Test 2 - Demodulation in Static Propagation Conditions, 64 Kbps Data Users
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Figure 8: Configuration 1, Test 3 - Demodulation in Case 2 Propagation Conditions, Voice Users
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Figure 9: Configuration 1, Test 4 - Demodulation in Case 2 Propagation Conditions, 64 Kbps Data Users
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Figure 10: Configuration 1, Test 5 - Demodulation in Case 3 Propagation Conditions, Voice Users
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Figure 11: Configuration 1, Test 6 - Demodulation in Case 3 Propagation Conditions, 64 Kbps Data Users
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Figure 12: Configuration 2, Test 1 - Demodulation in Static Propagation Conditions, Voice Users
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Figure 13: Configuration 2, Test 2 - Demodulation in Static Propagation Conditions, 64 Kbps Data Users
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Figure 14: Configuration 2, Test 3 - Demodulation in Case 2 Propagation Conditions, Voice Users
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Figure 15:  Configuration 2, Test 4 - Demodulation in Case 2 Propagation Conditions, 64 Kbps Data Users
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Figure 16: Configuration 2, Test 3 - Demodulation in Case 2 Propagation Conditions, Voice Users
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Figure 17: Configuration 2, Test 6 - Demodulation in Case 3 Propagation Conditions, 64 Kbps Data Users

4. Summary and Conclusion

In this contribution we have proposed the incorporation of CPICH (pilot) interference cancellation into the Release 4 standard, in the form of a tightening of the UE minimum performance requirements.  We have provided examples of conformance test procedures and parameters, and the corresponding performance requirements derived from simulations. 

This simple yet potent proposed receiver method offers important advantages. Simulation results presented here and in [1,2] suggest an increase in capacity of approximately 10-20% can be obtained by using pilot interference cancellation. The amount of potential gain is directly related to the relative amount of pilot power as a percentage of total transmit power, (which is directly related to CPICH_Ec/Ior and Node B load). Thus, if a secondary pilot channel (S-CPICH) is enabled, the potential capacity gains double. In addition to capacity gains, there may also be handover and searcher operation improvements, due to the additional pilots being processed.

What is particularly attractive about pilot interference cancellation is its relatively small price in complexity. The information content and structure of the pilot channels are known a priori, which simplifies interference generation and cancellation considerably. The procedure can be implemented in digital baseband hardware, with negligible effect on UE cost.

Appendix: Simulation Assumptions, Parameters, and Results

	Table 1:  Simulation Assumptions

	Parameter
	Explanation/Assumption

	Chip Rate
	3.84 Mcps

	Power Control
	OFF

	AGC
	OFF

	Channel Estimation
	Capacity Simulations
	Estimated

	
	Performance Requirements Tests
	Ideal

	Number of samples per chip
	4

	Propagation Conditions
	Capacity Simulations
	ITU Vehicular A Channel Model (see [4] and Table 2 below)

	
	Performance Requirements Tests
	See Tables 2 and 4 below.

	Number of bits in AD converter
	Floating point simulations

	Number of Rake Fingers 
	Capacity Simulations
	4

	
	Performance Requirements Tests
	Equals to number of taps in propagation condition models

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

Node B # 2 = -7 dB

	
	
	Performance Requirements Tests
	See Table 4

	
	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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	See Tables 3 and 4

	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

	Static,

Speed 0 km/h

[3, Annex B.2.1
	Case 2, 

Speed 3 km/h

[3, Annex B.2.2]
	Case 3, 

Speed 120 km/h

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

Speed 120 km/h

[4]

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

	0
	0
	0
	0
	0
	0
	0
	0

	
	
	976
	0
	260
	-3
	310
	-1

	
	
	20000
	0
	521
	-6
	710
	-9

	
	
	
	
	781
	-9
	1090
	-10

	
	
	
	
	
	
	1730
	-15

	
	
	
	
	
	
	2510
	-20


	Table 3: Capacity Simulation Parameters

	Parameter
	Node B Number
	Unit
	Voice Simulation
	Data Simulation

	Phase Reference
	Both
	
	P-CPICH

	Information Data Rate
	Both
	kbps
	12.2
	64

	Propagation Conditions
	Both
	
	ITU Vehicular A

	Relative Power
	Node B #1
	dB
	0

	
	Node B #2
	dB
	3
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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
	-60

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

	
	Node B #2
	dB
	-7


	Table 4: Performance Requirements Tests Parameters (Configurations 1 and 2)

	Parameter
	Node B Number
	Unit
	Test 1
	Test 2
	Test 3
	Test 4
	Test 5
	Test 6

	Phase Reference
	Both
	
	P-CPICH

	Information Data Rate
	Both
	kbps
	12.2
	64
	12.2
	64
	12.2
	64

	Propagation Conditions
	Node B #1
	
	Static
	Case 2
	Case 3

	
	Node B #2
	
	Static

	Relative Power
	Node B #1
	dB
	0

	
	Node B #2
	dB
	1
	3
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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
	-60

	P-CPICH_Ec/Ior

Configuration 1
	Node B #1
	dB
	-10

	
	Node B #2
	dB
	-7

	P-CPICH_Ec/Ior

Configuration 2
	Node B #1
	dB
	-10

	
	Node B #2
	dB
	-3


	Table 5 : Performance Requirements Tests Results

	Test Number
	BLER
	Configuration 1
	Configuration 2
	Implementa-tion

Margin

Added
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	1 (Static/Voice)
	10-2  
	-16.7 dB
	-17.6 dB
	-16.4 dB
	-19.5 dB
	2 dB 

	2 (Static/Data)
	10-1 
	-13.1 dB
	-14.1 dB
	-13.1 dB
	-16.1 dB
	

	
	10-2 
	-12.9 dB
	-13.8 dB
	-12.9 dB
	-15.9 dB
	

	3 (Case 2/Voice)
	10-2  
	-8.0 dB
	-8.9 dB
	-7.9 dB
	-10.7 dB
	2.5 dB

	4 (Case 2/Data)
	10-1 
	-6.4 dB
	-7.3 dB
	-6.4 dB
	-9.1 dB
	

	
	10-2 
	-2.9 dB
	-3.8 dB
	-3.0 dB
	-5.8 dB
	

	5 (Case 3/Voice)
	10-2  
	-11.5 dB
	-12.3 dB
	-11.5 dB 
	-13.8 dB
	3 dB

	6 (Case 3/Data)
	10-1 
	-7.9 dB
	-8.8 dB
	-7.9 dB
	-10.3 dB
	

	
	10-2 
	-7.0 dB
	-7.9 dB
	-7.1 dB
	-9.5 dB
	

	
	10-3 
	-6.4 dB
	-7.3 dB
	-6.4 dB
	-8.9 dB
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