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1
Introduction

During the previous RAN1#76bis meeting, several CSI feedback options have been summarized for further investigation. 

· 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 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






Ex ) CSI1 is derived after canceling/suppressing interference. CSI2 is derived after MMSE-IRC

· Further study is needed on the interference hypothesis and blind detection feasibility at CSI calculation stage
In this contribution we discuss the NAICS CSI feedback and present NAICS system performance according to several CSI feedback strategies.
2
NAICS CSI feedback
CSI feedback is one of the WI open issues as concerns related to NAICS link adaptation operation have been highlighted in several previous contributions [6]

 REF _Ref382406759 \r \h 
[7]

 REF _Ref382406761 \r \h 
[8]. In the following we first discuss the existing feedback mechanisms and inaccuracies, while in a later section we analyze the current CSI feedback options for NAICS. 

2.1

Existing CSI feedback mechanisms and sources of CSI mismatch
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. 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, which can reflect the actual traffic conditions seen by the UE. In addition, Rel. 11 eNB may employ multiple CSI processes in terms of interference hypothesis configuration. 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. 
Sources of CQI mismatch exist currently in LTE system and here we do not refer to the natural mismatches due to the delay between CSI feedback and demodulation stage but rather to systematic mismatches which are due to the LTE design itself. For example in TDD, when operating on non-PMI feedback modes, the CQI is computed based on TxD or 2 CRS PMI assumption while the eNB scales the reported CQI accordingly when utilizing 8 Tx for DL transmission. As another example, eNB scales fed back SU-MIMO CQI in SU/MU MIMO operation when SU MIMO CQI is utilized for MU MIMO transmission. For example, when single codeword SU-MIMO CQI is used in MU MIMO mode, it has to be obviously scaled by 3dB for sharing the power with other user, while also other scaling might be applied by eNB. 
In order to correct CQI mismatches and fine tune the link adaptation, the Open Loop Link Adaptation (OLLA) mechanism is utilized. The OLLA has its own limitations in the sense that the convergence speed depends on the CQI mismatch it has to fix. Hence, the small initial mismatch seen by OLLA is of critical importance for the convergence as such, especially for small-sized packets. 
Observation:

· Systematic CQI mismatch exist in current LTE system. 
It is worth to note also the different accuracy requirements between the channel estimates used for CSI feedback and demodulation. Indeed, the reference symbol granularities of DM-RS and CSI-RS are different, having 12 REs/PRB for demodulation and 1RE/port/PRB for CSI feedback. 
2.2

NAICS CSI feedback options
Several CSI feedback options have been proposed in the previous meeting. Quite a few feedback components need further clarification: 

· What network assistance is needed for CSI feedback computation?
· Does the UE need to identify the dominant interferer at CSI feedback calculation stage, if yes, based on what network assistance?

· Is blind detection needed at the CSI feedback calculation stage?

· How shall the CSI feedback cover the cases of E-IRC, RML and SLIC receivers?

· What are the interference assumptions when computing wideband and frequency selective feedback?

· Any new CSI feedback mechanism needs to be testable by RAN4.

The CSI feedback classification according to the complexity is presented in Table 1.
Table 1: ranking of CSI feedback according to the complexity

	1
	One MMSE IRC CQI
	Least UE complex, reutilization of existing feedback mechanisms, less accurate (conservative CQI), relies more on OLLA operation.
	Applicable to both EIRC and SLIC/RML

	2
	One NAICS CQI with 100% IC assumption
	Similar UE complexity as option 1, IMR can be utilized for CQI feedback with 100% IC (similar to CoMP DPB), reutilization of existing feedback mechanisms, aggressive CQI, relies on OLLA operation.
	

	3
	One NAICS CQI with DI IC (E-IRC CQI) involving blind detection of interferer
	Increased UE complexity compared to previous options, possible reutilization of existing feedback mechanisms, CQI could reflect better the interference conditions and puts less pressure on OLLA.
	

	4
	One NAICS CQI with a fixed modulation assumption (or RRC signalled)
	Increased UE complexity compared to previous options, possible reutilization of existing feedback mechanisms, CQI could reflect better the interference conditions and put less pressure on OLLA. 
	Applicable only to SLIC/RML

	5
	One NAICS CQI with accurate CSI computation involving blind detection of interferer modulation
	Increased UE complexity compared to previous options as UE needs to do blind detection of the dominant interferer and also modulation, relies less on OLLA operation but still expects mismatches on CQI. This option requires also some ability to predict IC efficiency at UE side, i.e., UE needs IC efficiency mapping functions.
	

	6
	MMSE-IRC CQI & NAICS IC CQI
	Increased UE complexity, new feedback mechanism unless CSI processes are used, more CQI options to eNB.
	

	7
	Multiple NAICS CQIs
	Increased UE complexity, new feedback mechanism unless CSI processes are used, more CQI options to eNB.
	


2.3

Discussion on NAICS CSI feedback options
In the following we discuss in more detail the available feedback options, the challenges and shortcomings these options are posing in the light of finalizing NAICS feature specification in Release 12.

2.3.1 Baseline (Release 11) CSI feedback configurations
The current CSI feedback baseline configurations are captured by options 1 and 2 in Table 1. The differences between these two options rely on how the signal and interference are computed. While the option 1 can be motivated by the operation of the NAICS UE in CRS modes, option 2 has the advantage of more flexible interference measurement configuration through IMR. Indeed, an IMR excluding the serving and the dominant points from the interference measurement would account for 100% IC efficiency, in fact the same operation as in DPB of CoMP. Such an IMR configuration is one of the few ways in which the dominant interferer, ideally cancelled through muting, does not need to be estimated as such. Other particularities of these CSI feedback configurations are that they are applicable to both EIRC and SLIC receivers,  no new specification changes are necessary for both CSI computation and reporting (except perhaps minor NAICS specific fixes), and are already tested in RAN4.
2.3.2 CSI configurations using dominant interferer estimation

Several types of CSI computation based on the estimation of dominant interferer are listed in options 3, 4, 5. The estimation of dominant interferer at CSI stage would require both network assistance and blind detection of the interferer parameters. In other words, the blind detection processing is necessary in both the demodulation and CSI stages.  Nevertheless, there could exist the possibility of reusing blind detection decisions from the demodulation stage into the CSI stage or the other way around, alleviating in this way the overall complexity. Note that for demodulation purposes, the interfering PDSCH parameters are estimated only within allocated bandwidth of NAISC UE PDSCH, while CSI feedback is reported for full system bandwidth or best M subbands. CSI feedback option 3 relies on the estimation of the dominant interferer effective channel and constructs an E-IRC type of CQI. This option is re-usable for any NAICS receiver type. The more complex options 4 and 5 are utilizing also the modulation information and PMI detection (for CRS based modes), which can be RRC configured (option 4) or blindly detected (option 5). Utilizing the modulation information of the dominant interferer would, in theory, provide a reliable CQI with respect to the interference conditions experienced at CSI calculation stage, however it is still exposed to the inherent interference fluctuations of the system. In other words, it is still for further study, whether increased UE complexity would be justified by sufficient system performance gains, when realistic operational assumptions are considered.
2.3.3 Multiple CSI feedback

Two types of configurations can be envisioned in this category. One possibility, captured by option 6 in Table 1 is to provide at the eNB two CQIs, with two receiver functionalities reflecting the MMSE-IRC and NAICS operations.  Another possibility is to feedback multiple NAICS CQIs, this being an extension of option 4 CQI where multiple RRC configured interference assumptions can be signalled to the UE. While both options would provide additional choices to the eNB enhancing its scheduling flexibility, it is more beneficial to clarify first the usability of the single CQI feedback options listed in precious subsections before addressing this final, most complicated CSI feedback operation. 
3
System level evaluations

In the following we present system performance of the NAICS receiver in homogenous scenario 1. Both E-IRC and SLIC receivers have been simulated, for the former receiver the L2S modelling from [2] has been considered. The setup consists of 2Tx and 2Rx while the CSI feedback is based on mode 3-1 allowing for OLLA adjustment. Instantaneous interference has been used in all the CQI computation methods. The scheduling of packets of 0.5 Mbytes has been used while the BLER target of 10% has been set for CQI selection as well as for outer-loop link adaptation. Note that for the sake of simplicity, in these results ideal channel estimation has been used for both CSI feedback and demodulation stage. Results for both 40% and 60% resource utilizations are shown in Tables 2-3.
Table 2: System performance of NAICS receiver in scenario 1, Scenario 1, 3-1, RU ~40%. CQI superscripts correspond to CQI types 1, 2 in Table 1.
	
	5%-tile UTP [Mbps]
	Mean UTP [Mbps]
	RU

	IRC
	3.47
	18.44
	43%

	E-IRC/Rel 11 CQI1
	3.70 (+6.5%)
	18.79 (+1.9%)
	42%

	SLIC/Rel 11 CQI1
	3.96 (+14.1%)
	19.60 (+6.2%)
	40%

	SLIC/Rel 11 CQI2
	4.31 (+24.1%)
	19.73 (+7.0%)
	38%


Table 3: System performance of NAICS receiver in scenario 1, Scenario 1, 3-1, RU ~60%. CQI superscripts correspond to CQI types 1, 2 in Table 1.
	
	5%-tile UTP [Mbps]
	Mean UTP [Mbps]
	RU

	IRC
	1.79
	12.80
	68%

	E-IRC/Rel 11 CQI1
	
	
	

	SLIC/Rel 11 CQI1
	2.24 (+25.1 %)
	14.21 (+11.0 %)
	63%

	SLIC/Rel 11 CQI2
	2.45 (+36.8 %)
	14.66 (+14.5 %)
	60%


Results in Table 2 and Table 3 span across several CQI feedback options for both E-IRC and SLIC. Utilizing Release 11 MMSE-IRC CQI (CQI1) provides a small gain in case of E-IRC and a moderate gain for SLIC. The second legacy option for CQI computation, that is utilizing 100% IC CQI (CQI2), is providing further gains. 
While in the current set of simulation results we used only legacy CQIs, we elaborate in the following on the expected performance when utilizing more advanced Release 12 CQI computation based on DI identification. Utilization of dominant interferer is captured in both E-IRC (CQI3) and Post NAICS SLIC CQI (CQI5). One of the key advantages of DI utilization in CQI feedback computation can be the accurate use of spatial properties of the interferer, in contrast to the brute force approach of utilizing the assumption of 100% IC efficiency. Furthermore, the 100% IC CQI can cause the system to become congested and unstable, because 100% IC CQI is not able to capture traffic conditions of DI. The possible use of dominant interferer information in the CSI feedback computation should be further investigated, especially considering the tradeoffs between UE blind detection of DI effective channel and modulation, system performance gain and reliability of such feedback operating in dynamic interference environment.
4
Conclusions

In this contribution we have been discussing several CSI feedback computation options for NAICS operation. System performance has been provided as well. Our observations and proposals can be summarized as follows:
Observation:

· Legacy CSI feedback provides NAICS gain, however a more realistic simulation setup is needed to confirm these findings.
· Advanced CSI feedback mechanisms should be further considered for NAICS.  
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Appendix: Detailed simulation assumptions
	Parameter
	Value

	Simulation cases
	According to [2]
NAICS Scenario 1, homogeneous macro

	Carrier frequency / system bandwidth
	2.0 GHz, 10 MHz BW

	Channel model and propagation
	ITU UMa

	Antenna configuration
	2 Tx XPOL, 2 Rx XPOL

	Transmission scheme
	2x2 SU-MIMO with  rank adaptation

	UE receiver
	{LMMSE-IRC, E-IRC, SLIC}

	Channel estimation for feedback
	Ideal

	Channel estimation for demodulation
	Ideal

	DI covariance estimation for demodulation (if assumed explicitly known by the receiver)
	Ideal

	Interference covariance estimation for demodulation (unknown interferers)
	Sample covariance by Wishart

	DI covariance estimation for CSI feedback (if required by the CQI option)
	Ideal

	Interference covariance estimation for CSI feedback (unknown interferers)
	Mean diagonal (only mean of the RX antenna port power knowledge)

	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, packet arrival rate 1.5 per sec per eNB for lower load cases and 2 per sec per eNB for higher load cases.

	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

	Transmission mode
	TM 10


 
