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1 Introduction
In 3GPP RAN1#76bis meeting, the following options on CSI enhancements for NAICS were identified and it was concluded that further study and evaluations are needed to decide whether or how CSI enhancement for NAICS should be specified in Release 12 [1]:

· Option 1: A single CSI feedback for NAICS
· Option 1-1: CSI is derived after canceling/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 present Samsung’s view on the above CSI enhancement options based on both system-level and link-level evaluation results.
2 Comparison of CSI Enhancement Options for NAICS
In order to comprehensively study how different CSI enhancement options for NAICS affect the overall system performance, evaluation results of SLML receivers with the following CSI calculation methods are provided below in this section:
· Method 1: CSI calculation under the assumption that dominant interference is perfectly cancelled.

· Method 2: CSI calculation based on SLML link abstraction method in [2]. One fixed RI/PMI/MO of the interfering cell is assumed for the CSI calculation.

· In the evaluation, the fixed RI/PMI/MO is (RI=1, PMI=0, Modulation=QPSK)

· Method 3: CSI calculation based on MMSE-IRC receiver

Note that Method 1 and Method 2 could be categorized into CSI enhancement option 1-1 while Method 3 could be categorized into CSI enhancement option 1-3. The evaluation results for NAICS scenario 1 and 2 are provided in Table 1 and 2, respectively. In the evaluation, FTP packet size is 0.5 Mbytes and Cell ID is assigned such that three sectors within one eNB area use non-colliding CRS to each other. Target BLER is set to be 0.1 and TM 10 is assumed. Further detailed evaluation assumptions are provided in Annex.
Table 1: System-level Performance of SLML receivers for various CSI calculation methods (NAICS Scenario 1)

	RU
	Receiver type
(CSI calculation method)
	5% UPT (Mbps)
	Avg UPT (Mbps)

	42%
	MMSE-IRC (Method 3)
	2.550(0%)
	16.16(0%)

	
	SLML (Method 1)
	2.356(-7.6%)
	15.49(-4.1%)

	
	SLML (Method 2)
	2.758(+8.2%)
	16.91(+4.6%)

	
	SLML (Method 3)
	2.88(+12.9%)
	16.23(+0.4%)

	65%
	MMSE-IRC (Method 3)
	1.238(0%)
	10.68(0%)

	
	SLML (Method 1)
	1.228(-0.8%)
	10.50(-1.6%)

	
	SLML (Method 2)
	1.472(+18.9%)
	11.89(+11.4%)

	
	SLML (Method 3)
	1.536(+24.1%)
	11.63(+8.9%)


Table 2: System-level Performance of SLML receivers for various CSI calculation methods (NAICS Scenario 2)
	RU
	Receiver type 

(CSI calculation method)
	5% UPT (Mbps)
	Avg UPT (Mbps)

	42%
	MMSE-IRC (Method 3)
	4.99(0%)
	26.79(0%)

	
	SLML (Method 1)
	3.82(-23.5%)
	24.62(-8.1%)

	
	SLML (Method 2)
	4.74(-5.1%)
	26.1(-2.6%)

	
	SLML (Method 3)
	5.84(+17.1%)
	27.63(+3.1%)

	65%
	MMSE-IRC (Method 3)
	2.47(0%)
	21.12(0%)

	
	SLML (Method 1)
	2.09(-15.5%)
	19.96(-5.5%)

	
	SLML (Method 2)
	2.31(-5.8%)
	20.93(-0.9%)

	
	SLML (Method 3)
	3.49(+41.4%)
	23.05(+9.1%)


Based on the evaluation results in Table 1 and Table 2, it is observed that SLML receiver equipped with Method 3 provides the best performance among the above CSI calculation methods and the performance gain is up to edge 41.4% and average 9.1% UPT gain compared to MMSE-IRC receiver. SLML receiver with Method 1 in which the dominant interference is assumed to be perfectly cancelled provides the worst performance. The reason would be due to too optimistic CSI reports. In addition, for Method 2, the performance is worse than that for Method 3 as a result of the mismatch between RI/PMI/MO assumption of the interference for CSI calculation and RI/PMI/MO actually scheduled for interfering PDSCH transmission. Such mismatch of RI/PMI/MO would be unavoidable in real network situation because it would be impossible for a UE or the serving eNB to predict the exact RI/PMI/MO of the dominant interferer at actual scheduling timing of the UE. 
It would be worth to note that CSI enhancement option 1-2 in which the impact of blind detection is additionally taken into account on top of CSI enhancement option 1-1 (Method 2) would also be affected by such mismatch of RI/PMI/MO resulting in the performance degradation. Furthermore, given that any CSI calculation method which can provide better performance than Method 3 is not identified, it is unclear how multiple CSI feedbacks of CSI enhancement option 2 could provide performance gain over Method 3 (CSI enhancement option 1-3). 
Observation 1: Based on the evaluation results in Table 1 and Table 2, it is observed that

· Method 3 (CSI enhancement option 1-3) which has the best performance among the above CSI calculation methods can provide up to edge 41.4%/average 9.1% UPT gain compared to MMSE-IRC receiver.

· Method 1 in which the dominant interference of UE is assumed to be perfectly cancelled provides the worst performance due to too optimistic CSI reports

· Method 2 provides the worse performance than Method 3 as a result of the unavoidable mismatch between RI/PMI/MO assumption of the interference for CSI calculation and RI/PMI/MO actually scheduled for interfering PDSCH transmission.
· CSI enhancement option 1-2 would also be affected by such mismatch of RI/PMI/MO resulting in the performance degradation
· It is unclear how multiple CSI feedbacks of CSI enhancement option 2 could provide performance gain over Method 3.
Based on the observation above, we propose for RAN1 to agree that Option 1-3 (Method 3) is the baseline CSI calculation method for NAICS receivers in Rel-12.
Proposal: RAN1 should agree that Option 1-3 (Method 3) is the baseline CSI calculation method for NAICS receivers in Rel-12

3 BLER Convergence of NAICS Receiver
During discussion on RAN1 conclusion of NAICS SI, one concern that NAICS receivers based on Option 1-3 could violate the CQI definition in the current spec was raised. The relevant sentence in TR 36.213 regarding CQI definition is captured below:

CQI definition:

Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the condition:

· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1. 

Addressing the concern on CQI calculation, we provide evaluation results that show BLER convergence to 0.1 for the following two receivers in Figure 1 and Figure 2:
1. MMSE-IRC receiver:

2. SLML receiver with blind detection of RI, PMI, modulation order (MO)

For both two receivers, CQI is calculated based on the closed-expression for post-processing SINR of MMSE-IRC receiver. Also outer-loop rate control (OLRC) is employed.
In the evaluation, the following assumptions are made:
· TM 4 for both serving cell and interference cell
· CRS information (FeICIC parameters) is provided via RRC signaling
· Interference profiles: 
(1) SNR = 6dB, INR1 = 7.73dB, INR2 = 2.68dB (15%~25% Geometry in NAICS scenario 1);
(2) SNR = 6dB, INR1 = 6.24dB, INR2 = 1.54dB (40%~60% Geometry in NAICS scenario 1)
Further detailed evaluation assumptions are provided in Annex.
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Figure 1: BLER convergence under INR1 = 7.73dB, INR2=2.68dB
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Figure 2: BLER convergence under INR1 = 6.24dB, INR2=1.54dB
Based on the evaluation results in Figure 1 and Figure 2, it is observed that, for different interference profiles, the characteristic of BLER convergence for SLML receiver is similar to that of MMSE-IRC receiver. In other words, the same mechanism for CQI generation as MMSE-IRC receiver could provide a similar BLER convergence even in case of SLML receiver due to OLRC which can well compensate the performance gap when using MMSE-IRC for CQI estimation in SLML receiver. Therefore, we believe that any special treatment for NAICS receivers in terms of CSI enhancement would not be needed in Rel-12.
Observation 2: Any special treatment for NAICS receivers in terms of CSI enhancement would not be needed in Rel-12
4 Conclusions
In this contribution, system-level evaluation results of SLML receivers with the different CSI calculation methods are provided. Based on the evaluation results, it is observed that
Observation 1: Based on the evaluation results in Table 1 and Table 2, it is observed that

· Method 3 (CSI enhancement option 1-3) which has the best performance among the above CSI calculation methods can provide up to edge 41.4%/average 9.1% UPT gain compared to MMSE-IRC receiver.

· Method 1 in which the dominant interference of UE is assumed to be perfectly cancelled provides the worst performance due to too optimistic CSI reports

· Method 2 provides the worse performance than Method 3 as a result of the unavoidable mismatch between RI/PMI/MO assumption of the interference for CSI calculation and RI/PMI/MO actually scheduled for interfering PDSCH transmission.
· CSI enhancement option 1-2 would also be affected by such mismatch of RI/PMI/MO resulting in the performance degradation

· It is unclear how multiple CSI feedbacks of CSI enhancement option 2 could provide performance gain over Method 3.
Based on the above observation, it is proposed that
Proposal: RAN1 should agree that Option 1-3 (Method 3) is the baseline CSI calculation method for NAICS receivers in Rel-12

Additionally, this contribution presents link-level evaluation results that show BLER convergence to 0.1 for MMSE-IRC and SLML receivers addressing the concern that NAICS receivers based on CSI enhancement option 1-3 could violate the CQI definition in the current spec. Based on the evaluation results, it is observed that

Observation 2: Any special treatment for NAICS receivers in terms of CSI enhancement would not be needed in Rel-12
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Annex
System level evaluation assumptions for Table 1 and Table 2 are given in Table 3. In addition, link level evaluation assumptions for Figure 1 and Figure 2 are given in Table 4
Table 3: System Level Simulation Assumptions
	Parameter
	Value

	General
	Parameters and assumptions not explicitly stated here according to 3GPP specifications

	Duplex method
	FDD

	Bandwidth
	10 MHz 

	Cellular Layout
	NAICS scenario 1/2

	Handover margin
	3dB

	Downlink transmission scheme
	TM10 2x2, SU-MIMO

Rank adaptation between Rank 1 and Rank 2

	Downlink scheduler
	PF scheduler with TDM scheduling

	Downlink link adaptation
	RI, CQI and PMI 5ms feedback period

Wideband CQI feedback
6ms delay total

MCSs based on LTE transport formats [36.213]
1 CSI process for each UE and CSI calculation details are listed in Section 2

	Antenna Configuration
	eNB/RRH: 2Tx
UE: 2Tx

Cross-polarized antenna is used at both eNB and UE side

	Traffic model
	FTP traffic model 1

	Link error prediction technique
	MMIB
Outer-loop control based on ACK/NACK report.

	Channel Estimation
	Non-ideal channel estimation.

	IRC receiver impairment
	Wishart distribution with M=12 degrees of freedom
[36.829 with DMRS based sample covariance matrix]

	HARQ
	On

	PDCCH symbol
	3

	Backhaul 
	Ideal


Table 4: Link-Level Simulation Assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	RB allocation
	6

	Cell ID
	[0, 6, 1]

	Transmission mode on Serving cell
	TM4

	Transmission mode on Interference cell
	TM4

	MIMO configuration
	2x2 and low correlation

	Channel model and Doppler frequency for target and interference cells
	EPA 5Hz 
Use different channel seed for between cells

	CRS configuration
	2 CRS ports. 
CRS is colliding between serving cell and interference cells

	PA
	-3dB

	PB
	0dB

	CSI-RS configuration
	None

	Channel Estimation
	CRS-IC

	H-ARQ
	8 HARQ processes

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered


