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1. Introduction
For HSDPA users, it is possible to achieve higher throughput by using an advanced receiver, such as MPIC (multipath interference canceller) [1][2][3].  MPIC focuses on the intracell interference due to the use of multiple channelization codes for HSDPA users and CPICH signal in multipath fading environment. It has been shown in [3] that the throughput gains from higher order modulation are basically only achievable in the one path environment and even 16QAM is not immune to this problem. Therefore, it may be the case that almost all HSDPA terminals are forced to have means to deal with intracell interference in order for link adaptation to provide meaningful gains [3].

In more realistic conditions, there are other sources of interference other than interference described above, from both intracell and intercell, which degrade the system performance in multipath fading environments. The simulation results in [3] show that the performance of HS-DSCH hits error floor at 10% for higher order modulation when voice and other data users are supported using code division multiplex. Since the interference cancellation for advance receiver design is basically an implementation issue and there are numbers of algorithms existing in the literature. It is very important to identify how much benefit a receiver can obtain by cancelling a particular source of interference. In this paper, we define several interference cancellation scenarios, which cancel different sources of interference. With different power allocation for HSDPA users, the SNR gains are calculated under different propagation channel models.  It provides the upper bounds for performance improvement to cancel a particular interference. The simulation results show that both intracell and intercell interference cancellation are worth of further study.

2. SNR Gains from Interference Cancellation

In this section, the SNR gains of different interference cancellation scenarios are calculated for 3 different power allocation portfolios. For comparison, several propagation channel models are considered: 2 equal power path Rayleigh channel, Pedestrian A & B, and Vehicular A & B. Table 1 is the summary of simulation assumptions. The interference cancellation scenarios under considerations are:

0. without interference cancellation

1. intracell CPICH cancellation

2. (intra+inter)-cell CPICH cancellation
3. intracell (CPICH + Voice) cancellation*
4. intracell (CPICH + Voice) + inter-cell CPICH cancellation*
5. intracell (CPICH + HS) cancellation**

6. intracell (CPICH + Voice + HS) cancellation**
7. intracell (CPICH + Voice + HS) + inter-cell CPICH cancellation**
* voice: interference from codes allocated to channels other than HS-DSCH

** HS: interference from other HS-DSCH codes

Basically, the intracell interference considered are CPICH, common and overhead channel, interference from codes allocated to channels other than HS-DSCH and interference from other HS-DSCH codes. For intracell interference, other cell CPICH and common channels are considered. In order to cancel the interference from codes allocated to channels other than HS-DSCH and interference from HS-DSCH codes allocated to other users, the HS-DSCH receivers may need to know the information about channelization code usage from UTRAN. The usage of the channelization codes can be detected by the HS-DSCH receivers via advanced techniques (e.g. [4]) without further information from UTRAN, if those codes have adequate Eb/N0. To cancel the intercell CPICH interference, HS-DSCH receivers can identify the candidates from the active set list. In the simulation, 10% of the Ioc power is assumed for the CPICH in other cells. The SNR gains for different IC scenarios over the output SNR without IC are calculated and listed in Table 2. In the simulation, maximum ratio combining is used for RAKE receivers and ideal channel estimation is assumed.

From Table 2, the simulation results show that:

1. The cancellation of CPICH from other cell has a larger gain than intracell CPICH cancellation. This is because intracell CPICH reaches the HS-DSCH receivers through the same propagation channel as HS-DSCH and therefore, some orthogonality is kept between CPICH and HS-DSCH.

2. When the power allocation to HS-DSCH is reduced, the gains of cancelling the interference from intracell CPICH and other HS-DSCH codes are reduced, due to excessive MAI.

3. The HS-DSCH receiver has the most severe performance degradation under two equal power paths channel and therefore, largest gains can be achieved.

3. Conclusion

In this paper, the SNR gains of different interference cancellation scenarios are calculated with different power allocation for HSDPA users under different propagation channel models.  It provides the upper bounds for performance improvement to cancel a particular interference. The simulation results show that both intracell and intercell interference cancellation are worth of further studies.
It is noted that in order to fully use the benefits of interference cancellation techniques, it may cause some impacts on the current specifications when adopting such advanced techniques into receiver designs, such as UE capability classifications, TFRC mappings and etc.
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Table 1. Simulation Assumptions

	HS-DSCH power allocation
	[ 80% 60% 40%]

	CPICH power allocation
	10%

	Common and overhead channels
	10%

	Number of multicodes
	10

	Channel model
	2 equal path Rayleigh, Pedestrian A & B, Vehicular A & B 

	Ioc/Ior
	70%

	Channel estimation
	Ideal


Table 2. SNR gain (dB) for different IC scenarios

	2 Equal Path Rayleigh Channel

	
	Power Allocation 1
	Power Allocation 2
	Power Allocation 3

	Gain_IC1
	0.1938
	0.1943
	0.1949

	Gain_IC2
	0.5417
	0.5396
	0.5373

	Gain_IC3
	0.1938
	0.6089
	1.0685

	Gain_IC4
	0.5417
	0.9824
	1.4732

	Gain_IC5
	1.8970
	1.4125
	0.9733

	Gain_IC6
	1.8970
	1.9622
	2.0309

	Gain_IC7
	2.3790
	2.4475
	2.5196


	Pedestrian A Channel

	
	Power Allocation 1
	Power Allocation 2
	Power Allocation 3

	Gain_IC1
	0.0881
	0.0894
	0.0911

	Gain_IC2
	0.3468
	0.3355
	0.3232

	Gain_IC3
	0.0881
	0.2819
	0.5083

	Gain_IC4
	0.3468
	0.5391
	0.7650

	Gain_IC5
	0.8922
	0.6654
	0.4619

	Gain_IC6
	0.8922
	0.9400
	0.9957

	Gain_IC7
	1.2040
	1.2426
	1.2884


	Pedestrian B Channel

	
	Power Allocation 1
	Power Allocation 2
	Power Allocation 3

	Gain_IC1
	0.0941
	0.0937
	0.0932

	Gain_IC2
	0.1928
	0.1911
	0.1891

	Gain_IC3
	0.0941
	0.2976
	0.5259

	Gain_IC4
	0.1928
	0.4069
	0.6486

	Gain_IC5
	0.9801
	0.7103
	0.4775

	Gain_IC6
	0.9801
	1.0086
	1.0372

	Gain_IC7
	1.1427
	1.1722
	1.2017


	Vehicular A Channel

	
	Power Allocation 1
	Power Allocation 2
	Power Allocation 3

	Gain_IC1
	0.0916
	0.0911
	0.0906

	Gain_IC2
	0.1994
	0.1966
	0.1935

	Gain_IC3
	0.0916
	0.2890
	0.5095

	Gain_IC4
	0.1994
	0.4064
	0.6389

	Gain_IC5
	0.9463
	0.6873
	0.4627

	Gain_IC6
	0.9463
	0.9735
	1.0012

	Gain_IC7
	1.1170
	1.1439
	1.1710


	Vehicular B Channel

	
	Power Allocation 1
	Power Allocation 2
	Power Allocation 3

	Gain_IC1
	0.0909
	0.0904
	0.0898

	Gain_IC2
	0.2049
	0.2014
	0.1976

	Gain_IC3
	0.0909
	0.2863
	0.5044

	Gain_IC4
	0.2049
	0.4093
	0.6386

	Gain_IC5
	0.9357
	0.6800
	0.4582

	Gain_IC6
	0.9357
	0.9625
	0.9901

	Gain_IC7
	1.1122
	1.1380
	1.1642
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