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1 Introduction
In RAN1 meeting #77, the following conclusions were reached regarding CSI enhancements for NAICS receivers:
Observations:

· Following CSI enhancement for NAICS were proposed

· Extending CSI reference resource definition to the resource allocation of the scheduled PDSCH

· Additional feedback to assist the network with assessing the benefit of network assistance signaling and making reconfigurations to NAICS UE

· NAICS CQI with a fixed modulation assumption of interference signal

· Aperiodic CSI-IMR configuration 

· Configuration of interference averaging interval for CSI calculation by network side

· NAICS CSI calculated based on interference observed over a CSI-IM

· Multiple CSI feedback assuming different receiver type

· Modification of CQI definition

· Among the above proposals, consensus on the benefits of CSI enhancement has not been yet reached
Conclusion:

· In RAN1 #78 meeting, all companies are encouraged to investigate only UE reporting behavior under the current CQI definition and possible clarification/modification if needed as CSI enhancement
Agreement:
· No RAN2 impact by NAICS CSI enhancement

In this contribution, we discuss the CSI enhancement options which have no RAN2 impact and present the evaluation results of CSI enhancements for NAICS. 
2 Discussion 
During the NAICS SI phase, from most of the evaluation results in [1], it can be observed that there are evident performance gains with NAICS receiver at demodulation stage under the assumption that CSI is derived based on the MMSE-IRC receiver. Some company argued that the CSI reports provided by the UE doesn’t reflect the NAICS receiver capability and therefore lead to CSI mismatch, so NAICS performance may not be optimal. In order to improve NAICS performance, various CSI enhancement options were provided during the NAICS discussion in RAN1 #77. Base on the conclusions from last meeting, we discuss the CSI enhancement options which have no RAN2 impact and present evaluation results in the next section.
Option 1: CSI is derived without considering Rel-12 NAICS functionality
CSI is derived in the traditional way such as MMSE-IRC or MMSE. In this case CQI mismatch between CQI feedback and the actual performance exists. In spite of such CQI mismatch, the system-level performance gains for NAICS receiver can still be observed if OLLA is enabled at the eNB.
Option 1 needs no RAN1 standardization effort and no network assistance information, but possible clarification/modification to the current CQI definition may be needed. Relying on the outer loop control method to adjust the CQI can be viewed as an implementation method for CSI feedback of NAICS. The disadvantage of this method is the adjustment may need some time and may be a long time sometimes. 
Option 2: CSI is derived after canceling/suppressing interference
CSI is calculated after interference cancellation/suppression. The interference channel estimation is based on network assistance information or blind detection. UE use the same type of receiver to calculate CSI and to receive data.
Option 2 needs no standardization effort other than network assistance information. However, there is still a potential issue that the feedback CSI will be used with delay. The interference condition may change between the CSI calculation subframe and the demodulation subframe. 
Option 3: Multiple CSI feedback for NAICS
Each CSI is derived based on different interference hypothesis. The different interference hypothesis can be from two different receivers. For example, CSI1 is derived after cancelling/suppressing interference, CSI2 is derived after MMSE-IRC, or two different modulation order which is assumed to be used by the interfering signal. 
Given that multiple CSI processes are supported in TM10, there is no standardization effort other than predefine which CSI process relates to which interference hypothesis. Furthermore, in order to extend the mechanism of multiple CSI feedback to other TM, the relation between the interference hypothesis and CSI subframe sets which is configured by high layer is needed.
3 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 three alternative solutions of CSI enhancements and a baseline were evaluated. 
Alt 1 (baseline): CSI is based on LMMSE-IRC receiver
Alt 2: CSI is based on SLIC receiver
Alt 3: Feedback two CSIs, CSI 1 is based on LMMSE-IRC receiver, CSI 2 is based on SLIC receiver. 
Alt 4: Feedback two CSIs, CSI 1 is based on LMMSE-IRC receiver, CSI 2 is calculated assuming the strongest interference can be fully removed.
In this simulation, when UE feedback two CSIs in Alt 3 and Alt 4, 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 = 0.5 Mbyte)
	
	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
	23.26
	+0.1%
	4.03
	+1.3%

	Alt 4
	23.21
	-0.1%
	4.02
	+1.0%


From the above simulation result, it can be observed that there are no evident performance gains among these alternatives in NAICS scenario 1. 
Therefore, we have the following proposal:
Proposal: CSI enhancement for NAICS which have no RAN2 impact would not be needed in Rel-12.
Note that further performance gain can be obtained for NAICS receivers if more flexible interference measurement for the CSI derivation can be supported [2]. Such CSI enhancement can be considered for future release.
4 Conclusion
In this contribution, we have discussed several CSI enhancement options which have no RAN2 impact and presented the evaluation results of different CSI enhancement schemes. Based on the evaluation results, we have the following proposal.
Proposal: CSI enhancement for NAICS which have no RAN2 impact would not be needed in Rel-12.
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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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