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1 Introduction
In this paper, we present discussion on applying CRS IC in homogenous network. The discussion is supported by some simulation results of combining CRS IC developed in FeICIC WI with interference rejection combining (advanced) receiver. We observe that there are situations where CRS IC may or may not be helpful while considered in addition to IRC receiver. Hence, careful test set-up is required.

2 Background
In the last RAN4#66-Bis meeting, a number of agreements have been reached regarding application of CRS IC in Homogenous network [1]. Some of the relevant agreements are reproduced below from [1]:

· Reuse of CRS IM receiver assumed for Release 11 FeICIC [1].
· Single FFT
· Mitigates CRS interference of up to 2 cells
· No restriction on whether mitigated CRS interference is intra-/inter-site, under the assumption of synchronous networks
· Reuse of MMSE-IRC based receiver with interference covariance matrix estimation as defined in TR36.829 as the baseline receiver [1]. 
· MMSE-IRC does not differentiate CRS or data interference when suppressing them.
· No optimization of the MMSE-IRC receiver is considered in this SI.
· Use of MMSE-IRC as the baseline for the SI does not preclude options for the WI
· Release 11 assistance information is assumed to be signalled, without any signalled subframe list.
· In link level, partial load is explicitly modeled in dominant aggressor cells and serving cell
· CRS configuration
· Assumption according to:
· non-colliding CRS between serving and dominant aggressor/interfering cells and 
· non-colliding CRS between dominant aggressor cells.
· If colliding CRS is studied, it will be after the study of non colliding CRS
· TBD until RAN4#67 whether to use a fixed MCS (and if so which ones) or link adaptation for the link level simulations
3 Simulation Assumptions
Here we use the framework previously used for Rel 11 advanced receiver (MMSE IRC) study. We used the following parameters that similar to what we previously used to MMSE-IRC receiver performance study with slight modifications.
Table 1: Simulation assumptions for CRS IC Performance Evaluation Homogenous Network

	Parameter
	TM2 Test

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode in serving cell
	TM2

	Transmission mode in interfering cells
	TM2

	MIMO configuration
	2x2, low correlation

	Channel model and Doppler frequency for target and interfering cells
	EVA70

	
	Use different channel seed for between cells

	Number of interfering cells
	2 interfering cells

	Receivers to be evaluated
	-
Baseline receiver (LMMSE-IRC)

-
CRS IC in addition

	Time delays between cells
	0.0

	Geometry
	Geometry range: [-7:1:6] dB

	Simulation output for alignment
	Sweep throughput vs. geometry (SINR), keep DIP(s) fixed to agreed values

	DIP values
	DIP1= -2.23dB, DIP2= -8.06dB

	CRS configuration
	2 CRS ports per cell with planning, Strong Interference with colliding CRS and weaker interference with non-colliding

	CSI reference signals
	N/A
	N/A

	CSI-RS periodicity and subframe offset (TCSI-RS / ICSI-RS)
	N/A
	N/A

	CSI reference signal configuration
	N/A
	N/A

	Resource allocation
	50 PRBs for serving cell

50 PRBs, 30 PRBs for interfering cells
	50 PRBs

	
	
	

	Subframes for demodulation in serving cell
	All subframes scheduled for demodulation except subframe #5

	MSC and TBS options
	16QAM
	

	HARQ
	8 HARQ processes and max 4 transmissions

	Channel and interference estimation at UE
	Practical and realizable channel and interference covariance estimates with no a-priori knowledge of the channel state information

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered

	Physical channels transmitted in interfering cells
	PDCCH (full load, in all subframes)

PDSCH (full load, in all subframes): 16QAM modulation is agreed to be used in interfering cells

PSS/SSS/PBCH

	Tx EVM
	6% in both alignment and impairment simulations

	Noc at antenna port
	-98 dBm

	Cyclic prefix
	Normal


The subframe 5 is excluded from data scheduling in serving sell even while colliding with ABS.
4 Discussion
Below we present a table showing the mapping of the defined DIPs in to serving cell and interfering cell SNRs. This helps us to relate to the scenario while we used CRS IC for FeICIC. In FeICIC, we were demodulating ABS. The interference experienced by serving cell was from the CRS only. Here we are working in a homogeneous network environment. Hence, the serving cell is interfered by the all channels of interference cells. Also, it’s reasonable that we use much lower SNRs of interferences as compared to what we used in FeICIC scenario, which was for a heterogeneous deployment. However, we believe that the interference cells may not always be fully loaded i.e. uses 50 PRBs. Hence, we also consider a situation where the interference cells a partially loaded, i.e. uses 30 PRBs.
CRS IC works well for stronger CRS interference.

Table 2: Mapping of DIP1= -2.23dB, DIP2= -8.06dB
	G or SINR (dB)
	Serving cell SNR (dB)
	Strong Interference SNR (dB)
	Weak Interference SNR (dB)

	-7
	-0.9
	3.87
	-1.96

	-6
	0.1
	
	

	-5
	1.1
	
	

	-4
	2.1
	
	

	-3
	3.1
	
	

	-2
	4.1
	
	

	-1
	5.1
	
	

	0
	6.1
	
	

	1
	7.1
	
	

	2
	8.1
	
	

	3
	9.1
	
	

	4
	10.1
	
	

	5
	11.1
	
	

	6
	12.1
	
	


4.1 Full Loading of Interference: 50 PRB
Fig. 1 shows the throughput vs. SNR for TM2 PDSCH demodulation. All cells including serving cell and interfering cells are fully loaded to all 50 PRBs.
As seen, CRS IC alone can work as well as MMSE IRC for G = - 5 dB onwards. Below this, CRS IC performance better than MMSE IRC and close to their combination: CRS IC on top of MMSE-IRC.
Combination of CRS IC on top of MMSE-IRC consistently performs the best.

[image: image1.png]£
ks

d

T-PUT (bps)

—4—MMSE
~—i—MMSE-IRC
=—CRS-ICand MMSE IRC
CRSIC

s

-8

6

2 0
G or SINR (dB)





Fig 1. Throughput vs SNR (dB) for TM2. Full loading on interference: 50 PRBs. 
4.2 Partial Loading of Interference: 30 PRB
Fig. 2 shows the throughput vs. SNR for TM2 PDSCH demodulation while interfering cells are partially loaded with 30 PRBs. The remaining 20 PRBs are blanked. Serving cell is fully loaded to all 50 PRBs.

As seen, CRS IC outperforms MMSE-IRC. Combination of CRS IC on top of MMSE-IRC consistently performs the best of all as before.

While comparing the gain (as compared to MMSE) in this case with the case described in section 4.1, little less gain is achieved here by using CRS IC and MMSE-IRC combination 
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Fig 2. Throughput vs SNR (dB) for TM2. Partial loading of interference: 30 PRBs. 

5 Conclusions

In this contribution, we presented +
Observation 1: Combining CRS IC on top of MMSE-IRC brings considerable performance improvement.
Observation 2: At low SINR (G), gain from MMSE-IRC is less than CRS IC.
Observation 3: From medium SINR (G) to high SINR, gain from CRS IC is as well as gain from MMSE_IRC.

Hence we propose:
Proposal 1: CRS IC receiver is considered in homogeneous deployment.
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