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Introduction
[bookmark: _GoBack]In RAN4 #61, link level assumptions of enhanced performance requirement for LTE UE study item were agreed in which the advanced receiver is an IRC receiver, based on correlation matrix estimation approximation [1]. The results of this study item were captured in [2]. During the RAN#55 meeting the work item for interference rejection was approved [3]. 

In the study item phase, the following transmission modes were agreed as simulation assumptions [1]: 
· CRS based transmission: TM6 as serving cell and TM4 as interfering cells
· CSI-RS based transmission: TM9 with single-layer as serving cell and TM9 with single/dual-layer as interfering cells

However, other transmission modes were not precluded. Since TM2/TM3 could perform better than TM4 in mid/high UE speed environments and some operators have already deployed these transmission modes, it was agreed to add the following transmission modes to the simulation assumptions [4]: 
· CRS based transmission: TM2 as serving cell and TM3 as interfering cells

This contribution presents link level simulation results characterizing the gains of advanced receivers over MMSE implementations for Scenario 1-1 (TM2), based on the agreed simulation assumptions in [4]. 
Simulation Assumptions
Table 1 summarizes the different simulation assumptions which were agreed in [4] for the CRS-based scenario 1-1.

[bookmark: _Ref319747600]Table 1: Simulation assumptions for link level performance evaluation
	Parameter
	Scenario 1-1 (TM2)

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode in serving cell
	TM2

	Transmission mode in interfering cells
	TM3

	MIMO configuration
	2x2, medium correlation

	Channel model and Doppler frequency for target and interfering cells
	EVA5 (also higher velocities can be considered in additions)
Use different channel seed for between cells

	Number of interfering cells
	1 & 2 to be considered

	Geometry
	G=-2.5dB and G=0dB

	DIP values
	At G=-2.5dB: DIP1= -1.73dB and DIP2=-8.66dB
At G=0dB: DIP1=-2.0561dB and DIP2=-8.2463dB

	CRS configuration
	2 CRS ports with planning (non-colliding)

	CSI-RS configuration
	None

	MCS for target signal
	Fixed MCS as follows:
#10, #11 for G=0dB, and #7, #8 for G=-2.5 dB as baseline

	PMI for target signal
	N/A

	HARQ
	8 HARQ processes and max 4 transmissions

	Feedback periodicity for target signal
	Feedback periodicity: 5 msec
Feedback delay: 8 msec

	PMI granularity and rank of interfering signals (% of rank-1 and % of rank-2)
	Randomly changing per sub-band from subframe to subframe as baseline.
Randomly changing per sub-band per 10 msec periodicity by interested companies
Frequency granularity is 6 PRBs

	
	[80% rank-1,20% rank-2]

	Modulation in interfering cells
	Fixed modulation order: QPSK or 16QAM

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered

	Resource allocation
	50 PRBs 

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames at minimum



In addition to the configuration described in Table 1, the following assumptions were used for the link level performance simulations presented in this paper:
· Network configuration: Synchronous
· Channel Estimation: Ideal
· Modulation in interfering cells: QPSK
Discussion
The transmission scheme here is the Alamouti (space-frequency block code) transmission scheme. The system model is given by

	                                       

where matrix  represents the contribution of the interference plus noise. We assume the interference is correlated across the receive antennas and is uncorrelated across the channel uses. Rewriting the above equation, we have

	                                         	
or equivalently

	                                                           	

The following two UE receivers can be defined for evaluation:
1. [bookmark: _Toc320785231]Release 8 Baseline MMSE Receiver:  For Release 8 baseline receiver, the MMSE receiver can be expressed as follow:
,	                                         	
where
,                                                      

where  denotes the interference plus noise power.

2. [bookmark: _Toc320785233]RAN4 Enhanced MMSE-IRC Receiver: 
MMSE-IRC has been the baseline assumption for the enhanced performance requirement for LTE UE receiver study item. The MMSE-IRC receiver for the above channel model can be written as 
                                                      
where
                                                      
denotes the spatial correlation matrix of the total received signal. 


Simulation Results for conditional median DIP profiles
[bookmark: _Ref324444692]The TM2/TM3 results for the conditional median DIP profiles for one interferer with two different MMSE receivers as well as the advanced MMSE-IRC receiver are given in Table 2.
[bookmark: _Ref324767630]Table 2: Link level throughput (Mbps) in TM2 scenario with one TM3 interferers
	
	
	MMSE
	MMSE-IRC
	Improvement

	G = -2.5 dB
	MCS#7
	3.836
	4.453
	16.08%

	
	MCS#8
	3.712
	4.42
	19.07%

	G = 0 dB
	MCS#10
	5.105
	5.291
	3.64%

	
	MCS#11
	5.136
	5.302
	3.23%



The TM2/TM3 results for the conditional median DIP profiles for two interferers with two different MMSE receivers as well as the advanced MMSE-IRC receiver are given in Table 3.

[bookmark: _Ref324444699]Table 3: Link level throughput (Mbps) in TM2 scenario with two TM3 interferers
	
	
	MMSE
	MMSE-IRC
	Improvement

	G = -2.5 dB
	MCS#7
	3.832
	4.589
	19.75%

	
	MCS#8
	3.726
	4.425
	18.76%

	G = 0 dB
	MCS#10
	5.061
	5.455
	7.79%

	
	MCS#11
	5.136
	5.764
	12.23%



Conclusion
This contribution shows the link simulation results for TM2/TM3 scenario for testing MMSE-IRC receiver. 
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