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1
Introduction
This document introduces interference cancellation methods as techniques that could provide significant gains in UMTS and HSDPA networks. Interference cancellation methods are implementable in user terminals today, and prove to be an attractive option to use in conjunction with the receive diversity and chip-rate equalizers being considered by 3GPP. This document addresses the broad architecture of interference cancellation methods, their advantages, some simulation results, and a recommendation for interference cancellation methods to be considered as a work item for specifying the minimum performance requirements for Release 7.
2
Discussion 
2.1 Interference Cancellation

Interference cancellation refers to the broad set of methods that attempt to cancel the interference that arises from the non orthogonality of codes between two (or more) cells, and between multi-paths of the same cell. 
Interference cancellation is most easily performed in the baseband receiver, and typically consists of regenerating the interference in some form, and then subtracting or projecting out the interference from the desired signal [1]. Key steps in interference cancellation involve the identification of interfering sources in dynamically changing channel and user conditions, and canceling this interference. 
A simplified subset of interference cancellation would be the set of methods that cancel just the pilot channel, which has been studied in this forum [2]. Pilot cancellation is attractive given its minimal complexity, but suffers from the disadvantage that its gains are low at high loading. Historically, interference cancellation methods and other multi-user detection techniques have been considered impractical for mobile receivers, but advances in signal processing techniques and in silicon technologies have rendered them both feasible for implementation and capable of delivering impressive performance enhancements to the receiver.
TensorComm has worked on interference cancellation for CDMA networks, and has shown that not only is interference cancellation feasible in a user terminal, but yields significant gains, demonstrated in field tests on live commercial networks.  
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Figure 1 is an example of a base station log showing transmit power reductions using TensorComm’s interference cancellation technology.  The logs from the base station show that an interference cancellation enabled handset required about 3dB less transmit power to maintain the same block error rate (BLER) as a disabled handset when both handsets were in soft handover with two base stations at 75% of their loading capacity in a flat fading channel.
Figure 1: Forward traffic channel power recorded at the base station as observed in the lab.

Figure 2 illustrates the gains from interference cancellation as a function of loading, in a controlled test using live base stations. For these tests, regions within a cell were recreated using different ratios of signal strengths from two base stations in soft handoff.  This was characterized by pilot Ec/Io separation, which ranged between 0dB and 6dB.  The cell loadings were created using a base station feature where a specified percentage loading was simulated by forward link transmissions on a mix of random user codes.  For each of these scenarios, the average traffic channel power reduction was measured.  The results show that performance gains increase with increased loading, and with increased interference between the two sectors under test.  At 0dB pilot Ec/Io separation, gains ranged from 1dB to 2.4dB at loadings of 25% to 75%.  

Figure 2: Forward traffic channel power reduction vs. network loading as recorded in a live base station laboratory.
These gains were achieved using a relatively low complexity solution (about 250,000 gates, 300K bits of memory, and 20 MIPS of software resources), which translates to about 2 sq. mm of silicon area under current 90nm ASIC technologies.
The structural similarity of the codes between CDMA and UMTS systems suggests that similar gains are achievable for UMTS and HSDPA systems. 
2.2   Interference cancellation and other receiver improvements

Interference cancellation complements the other receiver improvements that are part of the 3GPP evolution path and that are being considered in WG4. 
Interference cancellation can be used in combination with chip-rate equalizers to achieve gains under conditions of low Ior/Ioc (for example, at the cell edge with heavy interference from the neighboring cells) in either a single branch or dual branch receiver. This would complement the performance of the equalizer and offer performance gains over all realistic scenarios that the terminal would experience in a typical network. In certain cases, more than additive gains are also possible from the combination of the two methods. 
Interference cancellation can also work alongside with receive diversity.  Both interference cancellation and receive diversity bring the benefits of interference mitigation, although through very different means. The combination of both technologies also has the ability to provide greater than additive gains for certain cases, and incremental gains in others. This feature would prove to be useful in a segmented handset technology model where high end handsets have both receive diversity and the use of interference cancellation methods, while lower end handsets, which cannot absorb the cost of a dual receive chain and the potential form factor changes, can use interference cancellation methods alone. This would lead to improved user experience for data services, and to increased network capacity for operators whose network resources are consumed equally by low end predominantly-voice handsets and the higher end handsets. 
Interference cancellation is also the only technology that specifically addresses structured interference from other cells, and thus would also help mitigate conditions like base station blocking, either because of missed messaging or due to a base station being at full capacity and missing neighbors, which lead to conditions of excessive inter-cell interference.
2.3   Simulation results

In order to illustrate the magnitude of gains possible for HSDPA transmissions, some simulation results are provided for scenarios based on those used for the evaluation of other advanced receivers in 3GPP. A two Node-B scenario was simulated where the interfering base station provided all of the Ioc. The first base station transmitted at the maximum power, while the interfering base station was simulated for various loading situations. Performance of TensorComm’s interference cancellation technology was studied for varying Ior/Ioc (-3, 0, 3, 6 and 10 dB) and for different loading on the interfering base station (50%, 75% or 100% of maximum total transmit power). Both base stations were set to the test settings in Table 1 for the overhead channels. 
	Channel
	Ec/Ior( dB)

	P-CPICH
	-10

	PCCPCH
	-12

	PICH
	-15


Table 1: Ec/Ior settings for overhead channels for simulation

Table 2 shows the gains observed using TensorComm’s interference cancellation enabled single-branch rake receivers over normal single-branch rake receivers. The receivers were simulated over 6 different multipath channels (Ped A, Ped B, Veh A 30, Veh A 120, Flat 30 and Flat 120), and the gains were weighted according to the probability distribution used in 3GPP TR 25.892 Table 20 (30%, 30%, 10%, 10% 10%, 10%).  A 10-code HSDPA transmission was considered in this case, with the overhead channels (CPICH, PCCPCH/SCH and PICH) and 6 OCNS (W-CDMA) channels having power distributions as specified by 25.101.  QPSK modulation was used in the simulations for the HSDPA transmissions.

The interference cancellation gains were derived by averaging Ec/Ior over a wide range of uncoded BER set points and computing the difference between an interference cancellation enabled single-branch rake receiver and a single-branch rake receiver without interference cancellation.
 

	Ior/Ioc (dB)
	 Gains at 50% loading (dB)
	Gains at 75% loading (dB)
	Gains at 100% loading (dB)

	-3
	3.44
	4.29
	5.32

	0
	2.21
	2.78
	3.34

	3
	1.32
	1.62
	2.00

	6
	0.74
	1.05
	1.35

	10
	0.42
	0.46
	0.57


Table 2: Summary of Ec/Ior gains for interference cancellation enabled receiver.
The simulations emphasize the fact that TensorComm’s interference cancellation solution  delivers more gains in high interference situations. This is indicated by the increasing gains with decrease in Ior/Ioc (or equivalently, with increase in the interference from another base station). Interference cancellation can thus greatly improve the performance of a terminal for high rate HSDPA cases at the edge of the cell. In addition, the good performance of interference cancellation in cases of low geometry complements the performance of chip-rate equalizer in these geometries.

3
Conclusions

The gains from the HSDPA link-level simulations suggest that recently developed interference cancellation techniques can provide significant gains in spectral efficiency. It is proposed that a study or work item be considered in RAN4 to evaluate interference cancellation methods for the purposes of specifying the minimum performance requirements for user equipment (UE) for UMTS and HSDPA deployments.
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