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1 Introduction 

In order to ensure backward compatibility with legacy terminals, the CRS are transmitted in ABSs no matter whether a SF is configured to be ABS or not. That means the interference caused by Macrocell’s CRS on the data and control channels of Picocells in the SFs protected by ABS always exists. 
In RAN1#66, evaluation assumptions were agreed [1] to assess the scenarios in which new UE performance requirements are beneficial and to evaluate other Tx-based schemes. 
In this contribution, we provide some performance evaluation for some of the Tx/Rx solutions using the ITU channel model with 6-12dB CRE bias, and draw some preliminary observations.  
2 Discussion for Different Tx/Rx Methods
The solutions discussed so far include: 
Rx-side techniques: 

· Interference suppression 
· CRS RE puncturing 
· Interference Cancellation 
Tx-side techniques: 

· Data/control/signal muting
In this contribution, we evaluate Interference Suppression, Interference cancellation, and Data muting. We summarize these approaches below. 
· Interference suppression

For interference suppression, the PUE attenuates the average power of CRS-interfered REs down to the same received power level as the non-CRS-interfered REs. For these evaluations, the CRS-interfered REs from all 57 macrocells are attenuated by the same amount, and we assume that the UE has perfect knowledge of all of their CRS patterns. As an example, if the received average power of all CRS-interfered REs is 
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, and that of the other REs is 
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, the UE will attenuate the CRS-interfered REs from 
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. For the suppressed REs, the power of both the useful signals and interference is reduced. In our simulation, we assume that the UE always knows the locations of the CRS-interfered REs.  
· Interference Cancellation

For our evaluation of interference cancellation, we consider two cases: cancellation of CRS interference from only the strongest interfering Macrocell, and cancellation of the strongest group of 3 Macrocells. We model the cancellation efficiency based on our link level simulations for different interference levels, as shown in the table in the appendix; the SNR here is defined as the ratio of interference power from the cells that are attempted to be cancelled to the rest of the received power (useful signal, other interference and noise). In addition, in order to provide an upper-bound, we also simulate ideal interference cancellation as the up-bound, where 100% of the CRS interference from all Macrocells has been cancelled.   
· Tx muting
For this method, the Picocell mutes REs which are seriously interfered by other Macrocells, and the data is rate-matched around the muted REs. Again we consider two cases: rate-matching around the CRS REs of only the strongest interfering Macrocell, and around the CRS REs of the strongest group of 3 Macrocells. We assume that the muting/rate-matching is UE-specific in each PRB, depending on which are the major interfering Macrocell(s) for each UE. The results here are idealistic in that we assume that the picocell has perfect knowledge of which REs to avoid, whereas in reality the strongest interfering cells would have to be identified from the UEs’ measurement reports. It should also be borne in mind that, in order to realize Tx muting, the rate matching procedure would have to be modified, and since there may be many different positions and numbers of muted REs, this will introduce more complexity for both the UE and the eNB.   
3 Simulation Assumptions
For the simulation assumptions, all the parameters applied are aligned with [1], Table A.1-1 in TR 36.819, and Table A.2.1 in TR36.814. The channel model follows ITU UMi & UMa model (TR 36.819). Configuration 1 with 4 Picocells deployed in one Macrocell coverage are used, with 2 Tx antennas on Macro and Picocells. CRE bias values of 6, 9, 12dB are assumed. The ratio between CRS REs and remaining PDSCH is 1:10. The full buffer traffic mode is used. In these simulations, we assume no collision between the suppressed/cancelled/muted REs and the DMRS of the picocell, using TM9, so the picocell channel estimation for demodulation is not affected. The ABS pattern is static, and the ratio of the ABS among all subframes is selected based on the ratio of Pico UEs among all UEs. 
4 Evaluation Results
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Figure 1 Performance Evaluation of Rx/Tx Solutions (6dB CRE)
Table 1 Performance Evaluation of Rx/Tx Solutions (6dB CRE)

	　
	w/o Rx/Tx Solution
	IS
	IC-1
	IC-3
	Tx Muting

1
	Tx Muting

3
	Ideal IC

	PUE Ratio
	63.81%

	Number of ABS
	5/8

	5% User Throughput (bps/Hz/User)
	0.0358
 
	0.0360 
(+0.56%)
	0.0361 
(+0.84%)
	0.0363 
(+1.40%)
	0.0360 
(+0.56%)
	0.0359 
(+0.28%)
	0.0363 
(+1.40)

	50% User Throughput (bps/Hz/User)
	0.2104 
	0.2416 
(+14.8%)
	0.2421 
(+15.1%)
	0.2430
 (+15.5%)
	0.2421 
(+15.1%)
	0.2252 
(+7.03%)
	0.2668 
(+26.8%)

	95% User Throughput (bps/Hz/User)
	1.1680 

	1.2702 
(+8.75%)
	1.2424 
(+6.37%)
	1.2425 
(+6.38%)
	1.2226 
(+4.67%)
	1.1051 
(-5.39%)
	1.4301 
(+22.4%)

	Average User Throughput (bps/Hz/User)
	0.3685 

	0.3973 
(+7.81%)
	0.3933
(+6.72%) 
	0.3960 
(+7.45%)
	0.4027 
(+9.28%)
	0.3635 
(-1.36%)
	0.4601 
(+24.9%)
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Figure 2 Performance Evaluation of Rx/Tx Solutions (9dB CRE)
Table 2 Performance Evaluation of Rx/Tx Solutions (9dB CRE)

	　
	w/o Rx/Tx Solution
	IS
	IC-1
	IC-3
	Tx Muting

1
	Tx Muting

3
	Ideal IC

	PUE Ratio
	69.33%

	Number of ABS
	5/8

	5% User Throughput (bps/Hz/User)
	0.0420 
	0.0474 
(+12.9)
	0.0463 
(+10.2%)
	0.0475 
(+13.1%)
	0.0461 
(+9.76%)
	0.0456
(+8.57%) 
	0.0479 
(+14.0%)

	50% User Throughput (bps/Hz/User)
	0.2005 
	0.2327 
(+16.1)
	0.2330 
(+16.2)
	0.2369 
(+18.2)
	0.2428
(+21.1) 
	0.2249 
(+12.2)
	0.2749 
(+37.1)

	95% User Throughput (bps/Hz/User)
	1.1183 
	1.1969 
(+7.03%)
	1.1750 
(+5.07%)
	1.1729 
(+4.88%)
	1.1868 
(+6.13%)
	1.0574
(-5.45%) 
	1.3632 
(+21.9%)

	Average User Throughput (bps/Hz/User)
	0.3614 
	0.3947 
(+9.22%)
	0.3900

(+7.91%) 
	0.3927

(+8.66%) 
	0.4013 
(+11.0%)
	0.3647 

(+0.91%)
	0.4614 
(+27.7%)
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Figure 3 Performance Evaluation of Rx/Tx Solutions (12dB CRE)
	Table 3 Performance Evaluation of Rx/Tx Solutions (12dB CRE)

　
	w/o Rx/Tx Solution
	IS
	IC-1
	IC-3
	Tx Muting

1
	Tx Muting

3
	Ideal IC

	PUE Ratio
	73.14%

	Number of ABS
	5/8

	5% User Throughput (bps/Hz/User)
	0.0397 
	0.0511  
(+28.7%)
	0.0497 
(+25.2%)
	0.0510 
(+28.5%)
	0.0490  
(+23.4%)
	0.0488 
(+22.9%) 
	0.0531 
(+33.8%) 

	50% User Throughput (bps/Hz/User)
	0.2044 
	0.2527  
(+23.6%)
	0.2463  
(+20.5%)
	0.2516  
(+23.1%)
	0.2569 
(+25.7%) 
	0.2379 
(+16.4%) 
	0.2943 
(+44.0%) 

	95% User Throughput (bps/Hz/User)
	1.0266 
	1.0667  
(+3.91%)
	1.0684 
(+4.07%)
	1.0696 
(+4.19%)
	1.0991  
(+7.06%)
	0.9853 
(-0.17%) 
	1.3602  
(+31.7%)

	Average User Throughput (bps/Hz/User)
	0.3517
	0.3914  
(+11.3%)
	0.3829 
(+8.87%)
	0.3856
(+9.65%) 
	0.3963  
(+12.7%)
	0.3643 
(+3.58%) 
	0.4621  
(+31.4%)


5 Conclusions
From the simulation results, we make the following observation for the considered scenarios: 

· The Rx based solutions (interference suppression or cancellation) can achieve similar performance to tx-side RE muting, even when realistic interference cancellation efficiency is taken into account, and without the additional complexity that would be introduced by modifying the rate-matching algorithms. The performance of tx-side RE muting is expected to reduce when non-ideal selection of the interfering macrocell(s) is considered. 
6 Appendix
Table A: CRS interference cancellation factors (fraction of interference removed by cancellation) after MMSE weighting.

	SINR (dB)
	-14
	-12
	-10
	-8
	-6
	-4
	-2
	0
	2
	4
	6

	Canc. factor
	0.1012
	0.1522
	0.2262
	0.3255
	0.4398
	0.5499
	0.6467
	0.7238
	0.7813
	0.8229
	0.8497

	SINR (dB)
	8
	10
	12
	14
	16
	18
	20
	22
	24
	26
	28

	Canc. factor 
	0.8674
	0.8793
	0.8870
	0.8915
	0.8946
	0.8966
	0.8979
	0.8983
	0.8990
	0.8994
	0.8995
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