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1
Introduction

During the previous RAN#63 plenary, a WI on NAICS has been approved. In a companion contribution [2] we present several network assistance options with respect to semi-static signalling for NAICS. In this contribution we discuss the NAICS CSI feedback.
2
NAICS CSI feedback
CSI feedback is one of the WI open issues as concerns have been highlighted in several previous contributions [3]

 REF _Ref382406759 \r \h 
[4]

 REF _Ref382406761 \r \h 
[5]. As the NAICS spans both CRS and DMRS modes, it is worth having separate discussions on what CSI feedback challenges may be faced depending on the operation mode of the NAICS UE. 

There are also two distinct issues, yet connected: the CSI/CQI feedback computation at the UE side and the applicability of the reported CSI feedback by the eNB. These two issues are indeed connected by the CQI definition which states that: “a single PDSCH transmission block with a combination of modulation scheme and transport block size corresponding to a 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.”
The current CSI computation mechanisms are different for CRS and DMRS modes. In CRS transmission, the UE measures the interference based on the CRS resource elements which are known to badly reflect the actual traffic, and hence interference conditions. On the other hand, the DMRS modes have the benefit of the IMR configuration and multiple processes in terms of interference hypothesis configuration and feedback possibilities. These are indeed the current baselines for NAICS operation.
Observation:

· The current baseline for NAICS CSI feedback computation and reporting relies on CRS CSI feedback computation in CRS modes and IMR & multiple CSI processes in DMRS modes. 
In addition to how the CSI is computed at the UE side, the eNB needs to apply the proper MCS to the NAICS UE in order to enable efficient link adaptation. At this point it is worth discussing about the receivers considered under the NAICS agenda as both enhanced-IRC (E-IRC) and SLIC/RML are considered for Rel-12 specification. These two types of receivers have some commonality as for example detecting and estimating the channel of the dominant interferer. From E-IRC perspective, once this step is done, CSI feedback is computed and reported, hence there are no extra dependencies except the correct identification of the dominant interferer and the channel estimation process. E-IRC provides one interference cancelation efficiency level. The non-linear receivers are performing one extra step in terms of utilizing the modulation information of the dominant interferer in the IC loop and hence different interference cancelation efficiencies may be obtained and are dependent on the modulation type of the interferer. From this perspective, it is clear that the link adaptation process is more predictable for E-IRC compared to SLIC/RML which have extra dependencies on the interferers’ modulation type.
Observation:

· The link adaptation process is more predictable for E-IRC compared to SLIC/RML which have extra dependencies on the interferers’ modulation type.
· E-IRC provides one interference cancelation efficiency level independent from the modulation type of both NAICS and interfering UE.
· SLIC/RML provide multiple interference cancellation efficiencies highly dependent on the utilized modulation for both the NAICS and the interfering UE.
The CSI computation may be refined at the UE side, in terms of multiple hypothesis assuming different modulations for the interferer. In [6] it is shown that such an approach widens the CQI distribution. However, as explained above, the efficient utilization of such reported CSI needs information on the scheduled modulation in the interfering cell, which ultimately boils down to knowing the scheduled modulation of the interferer. This is obviously difficult to achieve in non-ideal backhaul scenarios. 
Proposals:
· Further study is needed to understand the CSI feedback issues in NAICS and the potential solutions.
· E-IRC operation does not suffer from the same CSI feedback issues as SLIC/RML. 
· The problem relies not only in calculating accurately the CSI feedback but also in applying correctly the reported CSI.
3
System level evaluations

In the following we present system performance of the NAICS receiver in scenarios 1 and 2a/2b. The L2S modelling from [2]
 has been considered for SLIC receiver. The setup consists of 2Tx and 2Rx while the CSI feedback is based on mode 3-1 allowing for OLLA adjustment. The scheduling of packets of 0.5 Mbytes is done in a proportional fare way in both time and frequency. The CSI feedback was derived before applying the IC loop while the BLER target of 10% has been maintained. The limited gains observed in Table 1 and Table 2 can be explained also by the limited usability of NAICS as in this particular setup we have been cancelling only one rank one interferer. 
Table 1: System performance of SLIC receiver in scenario 1, Scenario 1, RU ~60%
	
	5%-tile UTP [Mbps]
	Mean UTP [Mbps]

	IRC
	2.63
	15.31

	SLIC 
	 2.74 (+ 4.2 %) 
	15.40  (+ 0.6 %)


Table 2: Table 1 System performance of SLIC receiver in scenario 2a/2b, Scenario 1, RU ~40%
	
	Macro UE 
	Small cell UE
	Total UE

	
	5%-tile UTP [Mbps]
	Mean UTP [Mbps]
	5%-tile UTP [Mbps]
	Mean UTP [Mbps]
	5%-tile UTP [Mbps]
	Mean UTP [Mbps]

	IRC
	2.63
	14.60
	5.89
	25.15
	3.99
	22.21

	SLIC 
	 2.78 (+ 5.9 %) 
	14,84  (+ 1.7 %)
	6.05 (+2.7%)
	25.21 (+0.2%)
	4.13 (+3.4%)
	22.30 (+0.4%)


4
Conclusions

In this contribution we have been presenting views with respect to NAICS CSI feedback. Our observations and proposals can be summarized as follows:,
Observation:

· The current baseline for NAICS CSI feedback computation and reporting relies on CRS CSI feedback computation in CRS modes and IMR & multiple CSI processes in DMRS modes. 
· The link adaptation process is more predictable for E-IRC compared to SLIC/RML which have extra dependencies on the interferers’ modulation type.
· E-IRC provides one interference cancelation efficiency level independent from the modulation type of both NAICS and interfering UE.
· SLIC/RML provide multiple interference cancellation efficiencies highly dependent on the utilized modulation for both the NAICS and the interfering UE.
Proposals:
· Further study is needed to understand the CSI feedback issues in NAICS and the potential solutions.
· E-IRC operation does not suffer from the same CSI feedback issues as SLIC/RML. 
· The problem relies not only in calculating accurately the CSI feedback but also in applying correctly the reported CSI.
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Appendix: Detailed simulation assumptions
	Parameter
	Value

	Simulation cases
	According to [2]
NAICS Scenario 1, homogeneous macro
NAICS Scenario 2a/2b, macro + 4 picos per macrocell

	Carrier frequency / system bandwidth
	2.0 GHz, 10 MHz BW

	Channel model and propagation
	ITU UMa propagation for macro-to-UE links, ITU UMi propagation for pico-to-UE links

	Antenna configuration
	2 Tx XPOL, 2 Rx XPOL

	Transmission scheme
	2x2 SU-MIMO with  rank adaptation

	UE receiver
	{LMMSE-IRC, SLIC}

	Channel estimation for feedback
	Ideal

	Channel estimation for demodulation
	Ideal

	Covariance estimation for demodulation
	Ideal

	UE Feedback
	Feedback mode 3-1 (wideband PMI, narrowband CQI with 6 PRB subband size), 6 ms delay (CQI,ACK/NACK, PMI), 5 ms reporting interval

	Scheduler
	PF

	Traffic model
	FTP Model 1, packet size 0.5Mbytes

	Reference symbol overhead
	CRS: 2 CRS Rel´8 legacy overhead
DM-RS: 12RE/PRB 

CSI-RS: 1 RE/port/PRB per 5 ms

	Control channel
	Only overhead modelled: 3 OFDM symbols

	HARQ
	Max 5 retransmission, chase combining

	Small cell TX power
	30 dBm

	Transmission mode
	TM 10


 
