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1 Introduction
In RAN #63, a WI on network assistance interference cancellation and suppression (NAICS) for LTE was approved [1]. One of the objectives of the WI is to investigate CSI enhancement as follow: 

·  Investigate CSI enhancements for NAICS receivers; if necessary specify the identified enhancements.
In RAN1 #76bis, some solutions [2][3][4][5] for CSI enhancements were proposed. In this contribution, we review these solutions and present the evaluation results of CSI enhancements for NAICS. We compare these solutions with the solution which derives the CSI at the demodulation stage.  In addition, interference measurement for CSI derivation is discussed in this contribution.   
2 Evaluation results of CSI enhancements
In this evaluation, SLIC receiver is used at demodulation stage. At CSI calculation stage, it is assumed that interference measurement is done without interference averaging.  The following five alternative solutions of CSI enhancements and baseline were evaluated. 
Alt 1: CSI is based on LMMSE-IRC receiver
Alt 2: CSI is based on SLIC receiver
Alt 3: CSI is based on LMMSE-IRC receiver. UE feeds back Delta_SINR at demodulation stage, where Delta_SINR is the difference between the SINR of demodulation and SINR of target BLER.  This SINR can be estimated using DMRS or PDSCH.  This can also be seen as the power offset suggested by the UE to maintain the target BLER.  The eNB determine the granted MCS based on CSI and Delta_SINR. 
Alt 4: Feedback two CSIs, CSI 1 is based on LMMSE-IRC receiver, CSI 2 is based on SLIC receiver. 
Alt 5: Feedback two CSIs, CSI 1 is based on LMMSE-IRC receiver, CSI 2 is calculated assuming the strongest interference(s) can be fully removed.
In this simulation, when UE feedback two CSIs in Alt4 and Alt5, the eNB adjusts the ACK/NACK step size of OLLA dynamically based on the difference of two CSIs.
Table 1:  Simulation results @40% RU for NAICS scenario 1 (FTP packet size=0.5Mbyte)
	
	Mean UE Throughput (Mbps)
	Gain
	5%-tile UE Throughput (Mbps)
	Gain

	Alt 1(baseline)
	23.23
	-
	3.98
	-

	Alt 2
	23.17
	-0.3%
	3.85
	-3.3%

	Alt 3
	23.80
	+2.5%
	4.40
	+10.5%

	Alt 4
	23.26
	+0.1%
	4.03
	+1.3%

	Alt 5
	23.21
	-0.1%
	4.02
	+1.0%


From the above simulation result, alternative 3 can provide the best performance gain among these alternatives. It can be observed that certain benefit can be obtained by knowing the CSI information reflecting the CSI in the demodulation subframes. When the interference condition is different in different subframes, the CSI of NAICS receivers can be very different. It is not desirable to derive CSI with interference averaging across subframes with different interference condition especially for NAICS receivers. It is also beneficial for the network to obtain the CSI particularly for the selected demodulation subframe. To achieve this, we propose to introduce aperiodic CSI-IMR as shown in Figure 1.
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Figure 1 Aperiodic CSI-IMR

In addition to regular Rel-11 CSI-IMR with minimum periodicity 5ms, aperiodic CSI-IMR can be configured by the network in aperiodic CSI request under demodulation subframe.   
Another simulation is done to compare the results with and without interference averaging as shown in table 2. CSI calculation is based on LMMSE-IRC receiver and SLIC receiver is used at demodulation stage. It can be observed that performance is better when there is no interference averaging for SLIC receiver in small packet size.  
Table 2:  Simulation results @58% RU for NAICS scenario 1 (FTP packet size=0.1Mbyte) 

	
	Mean UE Throughput (Mbps)
	Gain
	5%-tile UE Throughput (Mbps)
	Gain

	CSI with 10ms interference averaging window  (baseline)
	14.08
	-
	1.94
	-

	CSI without interference averaging in time
	14.69
	+4.3%
	2.13
	+9.8%


So even for regular CSI-IMR, it is more flexible if the interference averaging window can be configurable so that the network knows which CSI reflects the interference condition of a particular subframe. Therefore, we have the following proposals:

Proposal 1:  Introduce aperiodic CSI-IMR so that the network can obtain the CSI reflecting the interference condition in demodulation subframe.   
Proposal 2:  Interference averaging interval for CSI derivation can be configurable by the network.  

3 Conclusion
In this contribution, the evaluation results of different CSI enhancement schemes were provided. Some gain can be obtained if CSI can be obtained from demodulation subframes. Therefore, we have the following proposals to improve the flexibility of interference measurement for the CSI derivation of NASICS receivers.
Proposal 1:  Introduce aperiodic CSI-IMR so that the network can obtain the CSI reflecting the interference condition in demodulation subframe.   
Proposal 2:  Interference averaging interval for CSI derivation can be configurable by the network.  
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Appendix
Table A.1: System level simulation assumption
	 
	Scenario 1

	Layout
	Hexagonal grid, 3 sectors per site, 7 macro sites

	Carrier frequency 
	2.0 GHz

	Total BS TX power (Ptotal per carrier)
	46 dBm

	Distance-dependent path loss
	ITU UMa

	Downlink transmission scheme
	TM10, SU-MIMO

	Shadowing
	ITU UMa

	Antenna pattern
	3D (referring to TR36.819)

	Antenna Height: 
	25 m

	UE antenna Height
	1.5 m

	Antenna gain + connector loss
	17 dBi

	Antenna gain of UE
	0 dBi

	Antenna configuration
	2Tx and 2Rx (0.5 lambda), cross-polarized

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.

	Handover margin
	3 dB

	Traffic model
	FTP traffic model 1, FTP packet size=0.1M bytes / 0.5M bytes

	UE receiver
	SLIC

	OLLA
	Enabled
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