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1 Introduction

A study item on UMTS Heterogeneous Networks was started in RAN#56 [1]. Deployment of Low Power Nodes (LPN) as a complement to a macro network aims at improving capacity and coverage.  In [2], we list some of the deployment scenarios we need to study as part of the study item. The deployment scenario can be divided to two types based on the allocation of cell identifier of LPNs with respect to macro node. In co-channel deployment, each LPN creates a separate cell within a macro network, i.e. each LPN has a different cell identifier. However, if the LPN uses the same cell identifier as that of macro node, we call this deployment as combined cell deployment.  

In RAN1#71, we analyzed the interference in co-channel deployment scenarios [2]. It was shown that if the interference power is very high (dominant interference) the link throughout is reduced significantly.  Currently RAN1 is investigating network assisted interference cancellation as one method to improve the link throughput when the interference power is very high. With interference capable UEs, aggressive range expansion towards LPN can be applied, thereby increasing the system throughput. 

In RAN1#73 we presented simulation results on achievable gains with network assistance. It was observed that significant gains are achieved with network assisted interference cancellation. One question was raised during the meeting is what the impact of channel estimation error is when the UE is in the cell range expansion zone. It was argued that channel estimation error causes additional interference; hence there is no potential benefit with network assistance.
In this contribution, we study the performance of channel estimator in the presence of strong co-channel interference. 

2 Interference Modelling

Figure 1 shows a two-cell setup for studying the interference analysis due to the addition of a LPN. The serving cell is cell A which can be a macro node. Cell B is a LPN which can be treated as a dominant interferer. Note that we can also think the serving cell as the LPN and the interferer as the macro node. The noise includes both thermal noise and other-cell interference (non-dominant). In this contribution we model the dominant interference from only one cell. Mathematically the received signal (r) can be expressed 

                            
[image: image1.wmf],

1

B

1

A

n

x

H

x

H

r

+

+

=

B

b

A

a

P

P

                                                             (1)
where 
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the channel between Cell A and the UE,  
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 is the channel between the Cell B and the UE, and Pa and Pb are the transmitted power levels from the two cells, respectively.  Note that the channel is represented by a Toeplitz matrix.  Note that the transmission power accounts for all control channels, traffic channels and the other overhead.  The transmitted signals are
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 from the two cells, and n is the additive white Gaussian noise which includes both the thermal noise and other-cell interference.   With this model in mind, let’s define Ior as the received power due to the desired cell and Ioc as the power due to the dominant interferer. Note that Ioc does not include the noise power.  
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Figure 1  Set up for studying the Impact on scheduled UE
3 Mean Squared Channel Estimation Error
It is well known that the variance or mean squared error of the channel estimator gives us a measure of how good the channel estimator is  [3]. Let the vector hA consists of individual multipath gains from cell A to the UE. Let hestA  is the estimated channel at the UE. Then the variance of the channel estimation error J is defined as

                                          J  = E [(hAest-hA)H [(hAest-hA)]
Hence with the channel estimation error, the system performance is impacted with interference  power equal to J. Hence through simulations, we analyze the means squared error.  
4 Simulation Model

We evaluate the performance by link level simulations. Here, a SIMO (1x2) configuration is considered with link adaptation, where the modulation, coding rate and the transport block size are dynamically updated for each TTI.  The channel is estimated using least squares channel estimator which does not consider the interference into account. Hence we expect that estimator performance will be impacted with interference. The wireless channel assumed is the Pedestrian A channel. The velocity of the mobile is assumed to be 3 Kmph.  The main simulation parameters are tabulated in Table 1. 
Table 1: Link level simulation parameters.

	Parameter
	Value
	Comments

	P-CPICH_Ec/Ior
	-10dB
	

	S-CPICH1 Ec/Ior
	-100dB
	

	S-CPICH2 Ec/Ior
	-100dB
	

	S-CPICH3 Ec/Ior
	-100dB
	

	Demodulation-CPICH Ec/Ior
	As needed (-100 dB)
	

	Spreading factor for

HS-PDSCH
	16
	

	Modulation
	QPSK
	

	TBS
	Variable
	

	Number of Transport Blocks
	1
	

	HSDPA Scheduling Algorithm
	CQI based
	

	Geometry
	[-10 -5 0 5 10 15 20  25]dB
	

	Maximum number of HS-DSCH codes
	15
	

	Number of HARQ Processes
	6
	

	Maximum Number of H-ARQ Transmissions
	1
	

	Propagation Channel Type
	PA3
	

	Channel Estimation
	            LS based
	

	UE Receiver Type
	Type3
	

	Tx Antenna Correlation
	0
	

	Rx Antenna Correlation
	0
	

	   Interference Modeling
	As outlined in Section 2
	


5 Simulation Results and Discussion
A. With Dominant Interference: Figure 2 shows mean squared channel estimation error in linear scale as function of geometry  with various Ioc values. This is the case when the UE is in the cell range expansion region and there is strong interference from the macro Node.   It can be observed that the mean squared estimation error remains same for most of the interferer power levels. At medium to high geometries the channel estimation error impact is almost negligible, while at very low geometry for example at -10 dB, the we observe that there is an impact with high Ioc values.  
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Figure 2 Mean Squared Channel Estimation Error in linear scale with dominant interference 
Figure 3 shows the mean squared channel estimation error in dB as function of geometry with various Ioc values with a dominant interferer.  From this figure, we can observe that a low geometry with Ioc value equal to 10 dB gives rise to an estimation error with power equal to 6 dB. Hence we expect that the performance will be impacted due to this additional interference. Please note that such a scenario seldom occurs in heterogeneous network deployments. Also observe that for most Ioc values at medium to high geometries the estimation error impact is negligible.  
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Figure 3 Mean Squared Channel Estimation Error in dB with dominant interference
B. With Marginal Interferer: Figure 4 shows the mean squared channel estimation error with various different power levels for the interferer in co-channel deployment. This is a typical scenario when the legacy UE is connected to the macro node and the received signal due to LPN acts like a dominant interferer.  It can be observed that the impact due to channel estimation error is almost negligible when the interferer power is low. 
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Figure 4  Mean Squared Channel Estimation Error in linear scale with marginal interference 
Figure 5 shows the mean squared channel estimation error in dB with different power levels for the interferer. 
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Figure 5 Mean Squared Channel Estimation Error in  dB  with marginal interference
6 Summary and conclusions

In this contribution, we quantitatively analyzed the impact on channel estimation error due to interference in co-channel. It is observed that the impact is very minimal even with low to medium geometries with the realistic Ioc values. In the worst case the variance of channel estimation error equal to 6 dB is observed when the UE is at very low geometry (-10 dB) and with high interferer power of 20 dB.  Please note that this worst case does not exist in scenarios suitable for network-assisted interference cancellation (NA-IC). Note that the scenario for network is when the interference signal is stronger than the desired signal. Thus, during the interference signal itself has a relative high geometry, and thus the channel estimation error is negligible according to the results presented in this contribution.  Hence, we conclude that the channel estimation error impact is very minimal for practically possible range of Ioc values suitable for NA-IC operations. 
Observation: The Channel estimation error impact is very minimal for practically possible range of Ioc values suitable for NA-IC operations. 
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