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1 Introduction
According to the LS [1] from RAN4, RAN1 was asked to start discussion on the objective #3 as described in the SID [2]:

3. (RAN1) Study and evaluate the feasibility and potential system level gain as well as specification impact of further advanced receiver:

· Develop system level modelling methodologies for the IS/IC receivers identified in step-2 including input from RAN4 on relevant impairments

· Evaluate the system-level gain of advanced receivers over LTE Rel-11 receivers 

· Identify any physical layer changes and network signalling needed to achieve the system level gain.

· Trade-off study between gain, robustness, and signalling/coordination complexity. If significant gain is identified for solutions with network assistance compared to solutions without network assistance, study the system and specification impact of network-assisted IS/IC

· Work can start at different time for different reference receivers
In this contribution, we discuss system level modelling methodology for E-LMMSE-IRC receiver. We also present initial system level simulation results of E-LMMSE-IRC receiver. 
2 Discussion of system-level modelling methodology
LMMSE-IRC receiver has been the baseline assumption in the performance evaluations of NAICS. For simplified modelling, the co-layer interference is omitted. For the target UE, the received vector can be written as 
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denote the radio channel matrix from the serving transmission point to the UE and the channel from the k-th interfering transmission point to the UE respectively; 
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are the precoding vectors of the serving transmission point and of the k-th interfering transmission point; 
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 are the transmitted signal vector from serving transmission point and interfering transmission point respectively; 
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 is the white Gaussian noise with zero mean and variance 
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The target signal vector can be recovered by 
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is the receiver weight vector.
For the baseline receiver LMMSE-IRC, receiver weight vector can be represented as 
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Here 
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denotes the estimation of equivalent radio channel
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In Rel-11, there are two different approaches on estimating the received covariance matrix. The first method is based on the data symbols and the second method is based on the reference signal symbols. From [3], it is observed that RS based method can achieve better performance than data symbol based method. So in this paper, for performance comparison, we take the DMRS-based LMMSE-IRC as the baseline receiver. The covariance matrix can be represented as 
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where 
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 is the covariance matrix of inter-cell interference and white noise.
For the ideal LMMSE-IRC, which assumes that all the actual radio channel from each interference point to the target UE are known, the covariance matrix can be expressed as 
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For E-LMMSE-IRC, we assume only the channel of the strongest and the second strongest interference can be estimated by the target UE [4], so the covariance matrix can be represented as
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In the system level evaluation, one conventional and effective method is to calculate the output SINR of linear receiver, and then mapped to the packet error rates and finally throughput. The performance of  IRC receiver is heavily depend on the accuracy of channel estimation and interference covariance estimation, so the system level modelling of different type IRC receiver can be boiled down to the modelling of channel estimation error and interference covariance estimation error. 
(1) Channel estimation error modelling
For the equivalent radio channel between the serving point to the target UE, the channel estimation can be expressed as 
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Here 
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is the channel estimation error, which can be assumed as AWGN, i.e., 
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 is calculated by the lookup table of MSE curve, which is the mean square error between the estimated channel and the actual channel from the link level evaluation. Likewise, we can model the 
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(2) Interference covariance estimation error modelling 

For the baseline receiver LMMSE-IRC,
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Here we define 
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From [3], it can be concluded that 
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 can be approximated using the complex Wishart distribution with 
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 degrees of freedom. It may be overoptimistic if omitting 
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(the covariance of channel estimation error), so in the following we compare two cases whether omitting 
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or not.
For E-LMMSE-IRC, 
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We model the 
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 by the complex Wishart distribution over 12 DMRS RE samples as follow:
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3 System level performance evaluation

In order to evaluate the performance of different types of IRC receivers, in this section, system level simulations are conducted by using the error model proposed in the previous section. Simulation assumptions are given in the appendix. Four cases are evaluated in the simulation as follows:
Case 1: LMMSE-IRC (considering 
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Case 2: LMMSE-IRC (omitting 
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Case 3: E-LMMSE-IRC, 
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Case 4: Ideal LMMSE-IRC 
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Table 1 Performance comparison of different types of IRC receivers
	
	Average cell SE [bps/Hz]
	5% cell edge SE [bps/Hz]
	Average cell SE gain [%]
	5% cell edge SE gain [%]

	Case 1
	13.8080
	0.0695
	baseline
	baseline

	Case 2
	13.9130
	0.0714
	0.76%
	2.73%

	Case 3
	13.9936
	0.0721
	1.34%
	3.74%

	Case 4
	14.0159
	0.0725
	1.51%
	4.32%


From the above table 1, we observe that:

(1) For DMRS-based LMMSE-IRC receiver, omitting the covariance of channel estimation error may be overoptimistic, it should be taken into account when model the covariance matrix of inter-cell interference and white noise.
(2) The performance gain of E-LMMSE-IRC over DMRS-based LMMSE-IRC is limited for the scenarios we considered.
(3) The performance of E-LMMSE-IRC with interference channel estimation just on the two strongest interference is very close to the ideal case and practically achievable. 

Note that further performance gain may be obtained for IRC receivers with network coordination, e.g., by having orthogonal DMRS between the target and interfering cells for better interference channel estimation.  

4 Conclusion
In this contribution, system level modelling methodology for E-LMMSE-IRC receiver has been discussed and the initial system level simulation results was provided. Base on the discussion and simulation results, we propose:
· For DMRS-based LMMSE-IRC receiver, the covariance of channel estimation error should be taken into account when model the covariance matrix of inter-cell interference and white noise.
· Network coordination to further improve the performance of E-LMMSE-IRC receiver should be considered. 
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Appendix
Table A.1 System level simulation assumptions
	Parameters
	Values 

	Layout
	Hexagonal grid, 3 sectors per site, 7 macro sites

	Scenario
	2a/2b

	System bandwidth per carrier
	10 MHz 

	Carrier frequency 
	2.0 GHz

	Total BS TX power (Ptotal per carrier)
	46 dBm (for Macro),   30 dBm (for small-cell)

	Penetration loss
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)

	Antenna Height: 
	25 m for macro, 10 m for small cell

	UE antenna Height
	1.5 m

	Antenna gain + connector loss
	17 dBi for macro cell , 5 dBi for small cell

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	I ITU UMa for macro cell , TU UMi for small cell

	Antenna configuration
	4Tx and 2Rx(0.5 lambda), cross-polarized

	Number of small cells per macro cell geographical area
	4

	UE dropping
	Configuration #4b as in TR36.814,
20% UEs are outdoor and 80% UEs are indoor.

	Minimum distance 
	Same as CoMP Scenario #3/4 in TR36.819 
• Macro – RRH/Hotzone: >75m
• Macro – UE : >35m
• RRH/Hotzone – RRH/Hotzone: >40m
• RRH/Hotzone – UE : >10m

	Traffic model
	Full buffer

	UE receiver
	· DMRS-based LMMSE-IRC as baseline
· Enhanced LMMSE-IRC

	UE noise figure
	9 dB

	UE speed
	3 km/h

	Cell selection criteria
	no CRE 

	Baseline MMSE-IRC receiver impairment modeling (demodulation)
	Non-ideal channel estimation of PDSCH for MMSE-IRC. For the MMSE-IRC baseline receiver in system level modeling: The IRC correlation matrix is approximated using the complex Wishart distribution with M degrees of freedom [36.829 with DMRS based sample covariance matrix].

	Receiver impairment modeling (feedback)
	Non-ideal CSI-RS/IMR channel/interference estimation. 
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