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Introduction
Based on a decision at RAN#53, a new 3GPP Rel-11 study item is starting in RAN4 on Enhanced performance requirement for LTE UE. The main objectives of the study are:
· Identify realistic deployment scenarios, traffic models, interference models, and performance metrics to evaluate the performance of advanced receiver to mitigate inter-cell interference.
· Study and evaluate feasibility and potential gain by advanced receiver at link and system levels.
When studying performance of different receivers through system level simulations, one should consider the different sources of errors in order to gain a more realistic view on the performance. In a companion paper we are introducing a way to model such errors in system level. In this contribution we present system level results for an LMMSE (IRC) based interference aware receiver with the error modelling described in detail in the accompanying contribution [1], which is using DM-RS symbols to estimate the interference. Benchmarking to existing [2] receivers is provided as well.
In this paper, the interference signal covariance is estimated from the DM-RS symbol locations by utilizing the channel estimates. In other words, the receiver filter reads

						(1)


where the  can also be considered to be a Wishart random matrix where (see [1] for details).
Effect on downlink system performance
To investigate the system level performance of the DM-RS sample matrix IRC [1] we show system level results for single-user (SU)- MIMO and multi-user (MU)-MIMO  with co-polarized antenna setup and full buffer traffic model. Simulation assumptions are included in the Appendix. The following receivers have been simulated:
· MMSE option 1 and option 2 [2];
· MMSE-IRC ideal [2];
· DM-RS Sample Matrix IRC, Equation (1) [1].
The MMSE option 2 assumes that the effective channel can be estimated by UE also through the layers that do not contain data for that UE, i.e. MU-MIMO interfering layers. The power of interference coming from other BS is assumed to be known at each receive antenna. The interference covariance matrix originating from other BS is assumed to be diagonal. The MMSE-IRC receiver has also the directional information of the external interference. The ideal MMSE-IRC assumes that the full covariance matrix of the sum of all external interfering equivalent channels is known ideally, this being seen as an upper bound of the achievable performance. 
[bookmark: _GoBack]In this contribution we present system level results for the method of emulating the estimation error by Wishart random matrices proposed in [1]. Note that the Wishart random matrix takes the number of estimation samples as a parameter, for the DM-RS sample matrix IRC the parameter should be the number of DM-RS samples.   
In Table 1 and Table 2 we are presenting full buffer results for the case of 4-Tx uniform linear array (ULA). In both SU- and MU-MIMO, gains are seens in both average and especially cell edge spectral efficiency. The DM-RS based Wishart IRC shows a realistic picture of what improvements in performance may be achieved by advanced recievers. 
Table 1, System level performance comparison for different LMMSE modelings, 
4x2 SU-MIMO ULA antennas - traffic model: full buffer
	
	Average cell SE
[bps/Hz/Sector]
	5% cell edge SE
[bps/Hz/UE]
	Average cell SE gain [%]
	5% cell edge SE gain [%]

	MMSE Option 2
	2.118
	0.0787
	[REF]
	[REF]

	DM-RS Sample Matrix IRC Eq (1)
	2.192
	0.0896
	+3.5%
	+13.8%

	MMSE-IRC ideal
	2.218
	0.0914
	+4.7%
	+16.4%



Table 2, System level performance comparison for different LMMSE modelings, 
4x2 MU-MIMO ULA antennas - traffic model: full buffer
	
	Average cell SE
[bps/Hz/Sector]
	5% cell edge SE
[bps/Hz/UE]
	Average cell SE gain [%]
	5% cell edge SE gain [%]

	MMSE Option 1
	2.209
	0.0885
	[REF]
	[REF]

	MMSE Option 2
	2.673
	0.0928
	+21%
	+4.8%

	DM-RS Sample Matrix IRC Eq (1)
	2.749
	0.1051
	+24.5%
	+18.8%

	MMSE-IRC ideal
	2.783
	0.1106
	+26%
	+24.9



Discussion and conclusions
Few observations can be made based on the conducted study. It is observed that the MMSE-IRC achieves average and cell edge gains in studied traffic scenario. The DM-RS sample based MMSE is able to achieve robust perfomance compared to the ideal MMSE. These results confirm the multi-link investigations [1] which show also reliable performance of DM-RS sample based MMSE. 
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	Parameter
	Value

	Cellular layout
	Hexagonal, 19 sites, 3 sectors per site

	Traffic model
	Full Buffer

File size: 2Mbytes

	Simulation scenario
	3GPP SCM NLos UMa 3D
Azimuth spread: 8˚, UE speed: 3 km/h

	Base station antenna configuration
	4 antenna elements
ULA 0.5 λ – 45o degrees slant

	UE antenna configuration
	2 antenna elements
ULA 0.5 λ - 0o degrees slant

	MIMO scheme
	SU-MIMO with dynamic rank adaptation
MU-MIMO: Max 2 UEs, 1 layer / eu

	Number of UEs / sector
	Full buffer simulation: 10 UE


	Codebook
	Rel’8 4TX codebook

	MU-MIMO Precoding
	Zero Forcing 

	TD-FD scheduler
	Proportional Fair – Proportional Fair

	MU-MIMO scheduler
	sum Proportional Fair

	Number of samples for Wishart
	N_drs=12

	Inter-cell interference model
	4Tx transmission with random rank & PMI in interfering cells

	Channel estimation for demodulation
	Realistic (via AVI tables)

	Channel estimation for CSI
	CSI-RS Based 

	Reference symbol overhead
	Legacy overhead: 2Tx Rel’8 CRS
DRS overhead: 12 RE / PRB
CSI-RS overhead: 4 RE / PRB, 10 ms interval

	PMI
	Sub-band size 6 PRB
10 ms reporting interval
6 ms delay

	CQI
	Sub-band size 6 PRB
10 ms reporting interval
6 ms delay

	OLLA
	Enabled, BLER target 10%

	HARQ
	6 ms Ack/Nack delay
6 processes
Maximum 4 transmissions

	PDCCH
	Only the overhead modelled

	UE noise figure	
	9 dB

	UE distribution within cell
	Uniformly distributed
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