3GPP TSG RAN WG1 Meeting #78			R1-143340
Dresden, Germany, 18th – 22nd August 2014
Agenda Item:	7.2.4.1
Source: 	CATR
Title: 	Evaluation on CSI enhancement of NAICS for LTE
Document for:	Discussion and Decision
Introduction
In RAN1 76bis meeting, following CSI enhancement for NAICS were proposed,
· CSI enhancements for Rel-12 NAICS receiver should be further studied until RAN1#77 meeting, focusing on the following options
· Option 1: a single CSI feedback for NAICS
· Option 1-1: CSI is derived after cancelling/suppressing interference
· Cancelation/suppression is assumed to use Rel-12 NAICS functionality, including interference channel estimation
· CSI calculation can be derived based on CRS, IMR, CSI-RS, and PDSCH 
· Option 1-2: CSI is derived after canceling/suppressing interference
· Cancelation/suppression is assumed to use Rel-12 NAICS functionality, including interference channel estimation and blind detection
· CSI calculation can be derived based on CRS, IMR, CSI-RS, and PDSCH
· Option 1-3: CSI is derived without considering  Rel-12 NAICS functionality (e.g. CSI after MMSE-IRC)
· Option 2: Multiple CSI feedback for NAICS
· Each CSI is derived based on different interference hypothesis
In this contribution, we showed the system simulation of SLIC receiver with CSI feedback option 1-1 and 1-3, and found that SLIC receiver could get performance gain than IRC receiver, and also SLIC with CSI feedback option 1-1 could get performance gain than option 1-3.
SLIC receiver
One issue regarding such a CSI calculation is how to estimate the residual interference after SLIC processing, i.e., the cancellation for the PDSCH of the dominant interference signal based on soft (or hard) decision replica. In our simulation, we referred to the TR 36.866 as below:

Once the strongest interference signal is detected, it could be removed from the received signal. However, the strongest interference signal cannot be completely removed in practical system. Let denotes the residual error and  be the variance of demodulated symbols residual error, 


, 
where L is the number of trials. 


can be obtained by looking up a predefined SNR-to-variance mapping table. Here e a simple link level simulation is proposed to estimate . The link simulation process is illustrated in Figure 6.



Figure1:  Link simulation structure for variance calculation
Assuming the transmitted complex symbol is x, x belongs to a certain modulation constellation Aj, j=1,…,M, M is the modulation order. The received signal in an AWGN channel is given by
	

,.
	


When the receiver performs hard decision, 

The estimated constellation Aj can be obtained by selecting the candidate symbol with minimum Euclidian distance. Take N trials for one SNR, then the variance  can be calculated as
	

	


Since the MCS index of interfering cells could not be known at the serving cell SLIC receiver, we assumed the modulation order which the interfering cells use is QPSK. 
System level evaluation
In this section, we showed system evaluation results of SLIC receiver with option 1-1 and option 1-3 compared with IRC receiver. The simulation scenario is NAICS scenario, and the detailed simulation assumptions are shown in the appendix. To be mentioned that in the simulation, we assumed the MCS index of interfering cells is QPSK and OLLA is applied for all these options.
Table I. Throughput performance with NAICS scenario 1 
	Receiver type
	Mean THP
[Mbps]
	Gain

	Rel-11 IRC
	13.7581 
	-

	SLIC w/Option 1-3
	14.2810
	3.80%

	SLIC w/Option 1-1
	14.4801 
	5.25%


From the results, we observed that SLIC with Option 1-3 achieves a system performance gain of 3.8% and option 1-1 achieves a system performance gain of 5.25%, in terms of mean cell throughput in this case. However, we also observed that the differences in the performance of SLIC with Option 1-1 and 1-3 are very small.
In order to investigate the reason for this phenomenon, the probabilities of each MCS being selected are shown in Fig.2. 
[image: ]
Figure 2. MCS selection probability with NAICS scenario 1 
In this figure, we observe that the MCS index selection is the smallest for IRC receiver，and SLIC with Option 1-1 and Option 1-3 are almost the same and have higher MCS index selection. Although option 1-1 may feedback higher CQI than option 1-3, but considering that the SLIC receiver could not know the MCS index of the interfering cells, the strongest interference signal cannot be completely removed in practical system, it will make the MCS selection of serving cells not match with the real channel conditions, so the performance gain is not too much than option 1-3.
Conclusion
In this contribution, we gave the simulation results of SLIC with feedback of option 1-1 and option 1-3, and also gave comparison with IRC receiver, from the simulation results, we could see that SLIC with option 1-1 have performance gain than option 1-3, but the gain is not large, the reason is that the SLIC receiver could not know the MCS index of the interfering cells, which makes the MCS selection not match with the channel conditions, and further affect the system throughput.
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Appendix
Table A1. System Level Simulation Assumption
	Carrier frequency
	2GHz

	Transmission bandwidth
	10MHz

	Subcarrier bandwidth
	15000

	Antenna configuration
	2*2,co-polarization

	Deployment scenario
	NAICS Scenario 1

	Traffic model
	Full buffer

	MIMO scheme
	SU-MIMO

	Scheduling algorithm
	Proportional fair

	SRS Delay
	3

	HARQ
	IR

	CQI/PMI feedback interval
	5

	Channel estimation
	Non-ideal

	TM of PDSCH
	TM9

	Handover margin
	3 dB

	Number of MBSFN subframes
	0



oleObject1.bin

image3.wmf
(

)

1

1

1

1

1

1

1

~

~

~

~

~

x

x

H

x

H

x

H

e

-

=

-

=


oleObject2.bin

image4.wmf
å

=

-

=

L

l

l

l

x

x

L

1

2

,

1

,

1

~

1

s


oleObject3.bin

image5.wmf
s


oleObject4.bin

image6.wmf
s


oleObject5.bin

image7.emf
RandomBit Modulate AWGN Demodulation variance 


oleObject6.bin
�

variance �

RandomBit�

Modulate�

AWGN�

Demodulation�


image8.wmf
yxn

=+


oleObject7.bin

image9.wmf
(

)

2

0,

~

N

CN

n

s


oleObject8.bin

image10.wmf
s


oleObject9.bin

image11.wmf
2

1

j

N

xA

N

s

=-

å


oleObject10.bin

image12.jpeg
0.07

0.06

0.05

0.04

0.03

0.02

0.01

. RC
I Option 1-1
[ Option 1-3

0 5 10 15 20 2 30
Mcs




image1.png




image2.wmf
s


