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1 Introduction
In this contribution, we firstly discuss the different MMSE-IRC receiver implementations, and then give the evaluation results of Rel-11 MMSE-IRC and proposed enhanced MMSE-IRC schemes. The results show that enhanced MMSE-IRC could achieve large performance gain over Rel-11 MMSE-IRC receiver with network-assistant information and given simulation assumptions.
2 Discussion
2.1 Different MMSE-IRC implementations
These are three different MMSE-IRC schemes. The MIMO modelling could be given as following
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In which Y represent received signal, 
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is the channel matrix from serving cell and 
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is interference channel matrix.
1. RS-based

Within 
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PRB, the Ruu could be calculated as
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In which, 
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 represent the total RS number in a RB and 
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is RS-index. Then, the MMSE weight matrix could be generated as:
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2. Data-based

For 
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PRB, the Ruu could be calculated as
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In which, 
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 represent the total PDSCH RE number in a RB and 
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is RE-index. Then the receiver weight matrix could be given as: 
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3. Interference-channel based

For each RE, the Ruu could be given as
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In which, 
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 represent the noise power, and the MMSE weight matrix could be given as:


[image: image16.wmf](

)

1

-

+

=

Ruu

H

H

H

w

T

s

s

T

s


The scheme 1 has been adopted as Rel-11 advanced receiver, and scheme 2 are excluded because of worse performance gain compared with scheme 1. The scheme 3 is the proposed enhanced MMSE-IRC receiver in this contribution.
2.2 Analysis of Rel-11 MMSE-IRC receiver

The Rel-11 MMSE-IRC receiver could operate without network-assistant and achieve significant performance gain over MMSE receiver [2]. But its performance gain is limited by the following factors: 
1. Inaccurate Ruu estimation

Ideal correlation matrix
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 is variable in both time and frequency domain because of the effect of frequency selective fading channel. While Rel-11 MMSE-IRC receiver uses a single matrix to represent several RB, so the lack of granularity results in some correlation matrix estimation errors.
2. Mismatched Ruu estimation
     This problem usually happens in colliding CRS scenario. In that case the interference observed from CRS cannot reflect the      real interference experienced at PDSCH because of different pre-coding matrixes.  
Based in the above analysis, we have the following observation:

Observation 1: R-11 MMSE-IRC receiver couldn’t offer optimized performance gain over MMSE receiver because of its Inaccurate and Mismatched Ruu estimation.
2.3 Analysis of enhanced MMSE-IRC receiver

Generally, the feasibility of enhanced MMSE-IRC receiver is based on accurate channel estimation of interference cell, which requires the following network-assistant information about interference cell:
· Transmission mode 

· Number of layer and pre-coding matrixes 
· Reference signal configuration
The above information may be not available for Rel-11 UE, but in NAICS RAN4 study, we could just focus on the performance gain and complexity of different receiver, and the feasibility to introduce such network-assistant information will be investigated in RAN1. So in this contribution, we simply assume that sufficient network-assistant information is available to perform channel estimation on interference cell. Meanwhile, the channel estimation on interference signal is also basic requirements for other advanced receivers, e.g. ML and SIC receivers. For these receivers, further assistant information, e.g. modulation/coding information, are needed. 
Observation 2: Enhanced MMSE-IRC could be considered as start-point to investigate the network assistant IS/IC schemes.
3 Evaluation

In this section, we compare the performance of Rel-11 MMSE-IRC and enhanced MMSE-IRC. The simulation assumptions and receiver modelling are given in section 3.1, and evaluation results in section 3.2.
3.1 Simulation assumption
The simulation assumptions are listed in Table 1:
Table 1 The simulation assumptions
	
	Cell 1 (serving cell)
	Cell 2 (intf. Cell)

	CRS configuration
	Cell ID 1
	· Cell ID: 2

· Cell ID: 7

	Bandwidth
	10MHz, 50RB all used

	Interference level 
	· Fixed Es/Ei=0dB

· Fixed Es/Ei=-4dB

	Fixed Reference channel
	16QAM 1/2

	Transmission mode
	2X2 TM2

	Channel configuration
	· EPA5

· ETU5

	FRC
	16QAM 1/2 for medium inter-cell interference

	Channel estimation
	· Normal channel estimation for non-colliding  CRS
· Iterative CRS estimation for colliding CRS

	Rel-11 MMSE-IRC
	Frequency granularity of Ruu estimation: 2RB


· Interference level
Two different interference levels are used to evaluate the performance gain of different UE set, e.g. cell edge UE and Cell medium area UE.
· Channel configuration

Two propagation channels are used to evaluate the performance gain of different frequency-selective channel.
· CRS configuration and channel estimation

Both colliding and non-colliding CRS scenarios are evaluated. The iterative CRS-IC is applied in colliding CRS case to enhance the channel estimation while normal channel estimation is used for non-colliding CRS case. 

3.2 Evaluation results
The following sets of assumptions are evaluated separately for different interference level and different propagation channel: 
1. MMSE-N: MMSE, CRS non-colliding

2. MMSE-C: MMSE, CRS-colliding

3. Re.11 IRC–N: MMSE-IRC, CRS-non-colliding

4. R.11 IRC–C: MMSE-IRC, CRS-colliding

5. eIRC-N: Enhanced MMSE-IRC, CRS-non-colliding

6. eIRC-C: Enhanced MMSE -IRC, CRS-colliding

7. no intf: no inter-cell interference

The Figure 1 gives the evaluation results of 2x2 TM2
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Figure 1: Performance gain of 2x2 TM2 with different propagation channel and interference level 
It could be observed from the Figure 1:

· The performance in colliding CRS is better than non-colliding CRS scenarios for MMSE/R.11 IRC/eIRC receivers, as the iterative CRS estimation is utilized to obtain more accurate channel estimation of both serving and interference cells.

· For different propagation channel and interference level, the eIRC can achieve better performance over other receivers.
· Accurate channel estimation is crucial to capture the maximum performance gain of eIRC receiver.
Observation 3: The enhanced MMSE-IRC could achieve large throughput gain over Rel-11 MMSE-IRC with TM2, especially in the case of colliding CRS.
Observation 4: Accurate channel estimation is crucial to capture the maximum performance gain of enhanced MMSE-IRC receiver.
4 Conclusion
This contribution provides the analysis and evaluation results of Rel-11 MMSE-IRC and enhanced MMSE-IRC receivers. The following summarize the observations:
Observation 1: R-11 MMSE-IRC receiver couldn’t offer optimized performance gain over MMSE receiver because of its Inaccurate and Mismatched Ruu estimation.
Observation 2: Enhanced MMSE-IRC could be considered as start-point to investigate the network assistant IS/IC schemes.
Observation 3: The enhanced MMSE-IRC could achieve large throughput gain over Rel-11 MMSE-IRC with TM2, especially in the case of colliding CRS.
Observation 4: Accurate channel estimation is crucial to capture the maximum performance gain of enhanced MMSE-IRC receiver.
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