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1. Introduction

In the network assistant interference cancellation and suppression (NAICS) SID [1], the following objectives were described for the RAN1 studies.

· (RAN1) Study and evaluate the feasibility and potential system level gain as well as specification impact of further advanced receiver:

· Develop system level modelling methodologies for the IS/IC receivers identified in step-2 including input from RAN4 on relevant impairments

· Evaluate the system-level gain of advanced receivers over LTE Rel-11 receivers 

· Identify any physical layer changes and network signalling needed to achieve the system level gain.

· Trade-off study between gain, robustness, and signalling/coordination complexity. If significant gain is identified for solutions with network assistance compared to solutions without network assistance, study the system and specification impact of network-assisted IS/IC

· Work can start at different time for different reference receivers
According to the LS from RAN4 [2], RAN1 would initiate a system-level evaluation for the NAICS. In this contribution, we first describe the required parameters for the NAICS receivers and our views on prioritization of the receiver types for the purpose of the RAN1 system-level evaluation. Furthermore, we summarize the current system level modeling methodologies that were proposed in RAN4, and give our views on this issue.

2. NAICS Receiver Candidates

According to the LS [2], there still remain many NAICS receivers in RAN4 as candidates. From the viewpoint of the system-level evaluation, it seems almost impossible to conduct a system-level evaluation for all these receiver types. The receiver types for the system level evaluation need to be narrowed down before discussing how to model the link-to-system mapping schemes for different receiver types. In our view, some of the receiver types can be ruled out of the list of candidates without the system-level evaluation as discussed below.
2.1. Summary of Required Parameters for NAICS Receivers

At the RAN4 #66bis meeting, the NAICS receiver candidates were defined in [3]. Based on these definitions, Table I summarizes the required parameters for some NAICS receivers, which are currently considered.

Table I – Required Parameters for NAICS Receivers
	
	E-LMMSE-IRC
	SLIC
	(R-)ML
	CWIC
	Iterative (R-)ML 

	Receiver type
	Linear receiver
	Non-linear receiver w/ symbol-level demodulation
	Non-linear receiver w/ codeword-level decoding

	Required processing
	Interferer PDSCH channel estimation
	Interferer PDSCH channel estimation + demodulation
	Interferer PDSCH channel estimation + decoding

	{DM-RS APs, Cell ID, nSCID, RI, CSI-RS, (CRS APs)} 

Or {CRS APs, Cell ID, PMI/RI}
	Information is needed (NW coordination is not needed)

	Time/Frequency  synchronization
	Sync. requirements are needed

	Data to RS EPRE
	Information is needed (NW coordination is not needed)

	CFI
	Not needed since interfering signals are not demodulated
	Information or NW coordination is needed

	CP length, Slot number
	Information or NW coordination is needed

	{PDSCH bandwidth for DM-RS}

Or {System bandwidth for CRS, MBSFN configuration }
	Information or NW coordination is needed

	Interference presence 
	For CRS-based TM, information or NW coordination is needed

For DM-RS-based TM, information and NW coordination are not needed
	Includes PDSCH allocation information below

	PDSCH allocation
	Not needed
	Information and NW coordination are needed

	Modulation order
	Not needed
	Information is needed

(NW coordination is not needed)
	Includes MCS information below

	MCS/RNTI/HARQ
	Not needed
	Information or NW coordination is needed

	MBSFN configuration for DM-RS-based TM
	Not needed
	Information or NW coordination is needed


2.2. Views on NAICS Receivers Toward RAN1 System-level Evaluation
As summarized in Table I, CWIC and iterative (R-)ML receivers require turbo decoding for the interfering PDSCH. To decode the interfering PDSCH, the amount of signaling, e.g., PDSCH allocation/MCS/RNTI/HARQ information, and/or effort for NW coordination, e.g., PRB alignment between the serving and dominant interfering cells, seem to be much increased compared to those for the linear receiver, i.e., E-LMMSE-IRC, and non-linear receivers with symbol-level demodulation, i.e., SLIC and (R-)ML. Such a great impact on the NW side is not desirable in reality. Therefore, the NAICS receivers relying on codeword-level decoding should be deprioritized.
With regard to the other NAICS receiver, during the RAN4 link-level evaluation campaign, we clarified that the E-LMMSE-IRC receiver should employ the interfering RS canceller to improve the channel estimation accuracy for interfering cells [4]. This means that the E-LMMSE-IRC receiver is effective only in some deployment scenarios where DM-RS based transmission modes or CRS-based transmission modes with colliding CRS cases between the serving and dominant interfering cells are employed. In real network deployment, however, a CRS configuration is generally well-planned especially for the traditional macrocell deployment. Since we consider that the NAICS receiver should perform well regardless of the transmission mode, E-LMMSE-IRC can also be deprioritized.
Based on our investigations, non-linear receivers with symbol-level demodulation, i.e., SLIC and (R-)ML, should be focused in the RAN1 system-level evaluations.
Proposal 1: The NAICS receivers relying on codeword-level decoding and the E-LMMSE-IRC should be deprioritized for RAN1 system-level evaluation.
Proposal 2: The non-linear receivers with symbol-level demodulation, i.e., SLIC and (R-)ML, should be prioritized for RAN1 system-level evaluation.
3. Link-to-System Mapping Schemes for NAICS
3.1. Summary of Mapping Schemes from RAN4
In the last RAN4 #68 meeting, some link-to-system mapping schemes were proposed [5]-[7]. To compare with these proposals, we summarize the schemes as shown in Table II. 
Table II – Summary of Link-to-System Mapping Schemes
	
	Scheme 1 proposed in [5]
	Scheme 2 proposed in [6]
	Scheme 3 proposed in [7]

	Main scheme
	Modeling based on mutual information (MI) per bit
	Modeling based on residual interference power after IC
	Modeling based on averaged variance of soft decision

	Target receiver types
	ML receiver
	SLIC receiver
	CWIC receiver

	For link-level simulation (LLS)
	· Optimize  to calculate MI for ML receiver, MkML
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· Mklow: Lower bound MI (MMSE)
· Mkup: Upper bound MI (Interference free)
Including ML effect in LLS
	· Make lookup tables for residual interference power after IC, , corresponding to interference parameters

Including IC effect in LLS
	· Make lookup tables for averaged variance of soft decision, , in AWGN corresponding to SNR

	For system-level simulation (SLS)
	· Calculate the following
· MMSE output SINR      ( Mklow
· Interference free SINR   ( Mkup
· Mklow, Mkup,  ( MkML
· MkML ( Effective SINR
· Effective SINR ( BLER
	· Calculate the following
· Channel matrices,                                 (Linear receiver weight
· Linear receiver weight,                          ( Output SINR
· Output SINR                ( Effective SINR
· Effective SINR ( BLER
	· Calculate the following iteratively
· Channel matrices                                ( Linear receiver weight
· Linear receiver weight                         ( Output SINR
· Output SINR                         ( Effective SINR
· Effective SINR ( 

· Effective SINR ( BLER
Including IC effect in SLS


As summarized in Table II, each mapping scheme targets to a different NAICS receiver type, i.e., ML, SLIC, and CWIC receivers for scheme 1, 2, and 3, respectively. However, based on the principle of each scheme, we consider that the target of the receiver types can be categorized as follows.
· Scheme 1 proposed in [5]
· R-ML, SLIC, and CWIC receivers can be modeled in addition to ML receiver

· Scheme 2 proposed in [6]
· CWIC receiver can be modeled in addition to SLIC receiver 

· Scheme 3 proposed in [7]
· SLIC receiver can be modeled in addition to CWIC receiver

From the above considerations, it seems that scheme 1 could be applied to the IC and ML receivers.

3.2. Views on Link-to-System Mapping Schemes
During the investigations on RAN1 system-level evaluation, the evaluation of some NAICS receivers may be needed as described in Section 2.2. To minimize the effort to develop the system-level simulations for each receiver type, we consider that the link-to-system mapping schemes which can achieve the minimum development effort as well as accuracy should be prioritized. 
It is also desired that a common mapping scheme is applied to all NAICS receivers which are focused on RAN1 evaluation if RAN1 has the responsibility to down-select the NAICS receiver based on the system-level evaluation results. This is because the different mapping schemes might have different impacts on the performance of each receiver type. Hence, our slight preference is to evaluate the candidate receiver types using a common mapping scheme. However, if a common mapping scheme is not appropriate for a certain receiver and different mapping schemes are to be utilized for different receiver types, the receiver types should be further narrowed down to a few receiver types for evaluation purpose in order to minimize the development effort.
Proposal 3: The link-to-system mapping schemes which can achieve the minimum effort to develop for the system-level simulation as well as accuracy should be prioritized.
4. Conclusion

In this contribution, we provided the required parameters for NAICS receivers and offer the following proposals for the receiver types that should be focused in the RAN1 system-level evaluations. 

Proposal 1: The NAICS receivers relying on the codeword-level decoding and the E-LMMSE-IRC should be deprioritized for RAN1 system-level evaluation.
Proposal 2: The non-linear receivers with symbol-level demodulation, i.e., SLIC and (R-)ML, should be prioritized forRAN1 system-level evaluation.
Furthermore, we summarized the current system level modeling methodologies and provided the following proposal on this issue.
Proposal 3: The link-to-system mapping schemes which can achieve the minimum effort to develop for the system-level simulation as well as accuracy should be prioritized.
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Appendix
NAICS receiver candidates are summarized as follows, which are based on [3].

· IS Receivers

· LMMSE-IRC: baseline for Rel-11 MMSE-IRC study
· As defined in TR36.829
· Enhanced LMMSE-IRC (E-LMMSE-IRC): MMSE-IRC that explicitly considers interferer channel estimates and other interferer knowledge
· Widely linear MMSE-IRC (WLMMSE-IRC): 
· WLMMSE-IRC exploits the additional degrees of freedom from the real and imaginary part of the received signal to enhance suppression of interference
· Reference: R4-131791, R4-131793
· ML Receivers
· ML: full-blown joint detection of useful and interference signals in accordance with the ML criterion
· Reduced complexity ML (R-ML): reduced complexity joint detection of useful and interference modulation symbols in accordance with the ML criterion (e.g. sphere decoding, QR-MLD, MLM, etc.)
· Iterative ML and R-ML: iterative MAP detection and decoding of useful and interference signals. Both successive and parallel processing implementations may be applied.
· IC Receivers

· Linear Codeword level SIC (L-CWIC): receiver utilizing successive application of linear detection (e.g. LMMSE-IRC), decoding, re-encoding, and cancellation
· May have iteration (e.g. Turbo CWIC)
· May utilize CRC check (e.g. hard CWIC)
· ML-CWIC: receiver utilizing successive application of ML or reduced complexity ML detection, decoding, re-encoding, and cancellation
· May have iteration
· Symbol level IC (SLIC): successive cancellation receiver utilizing successive application of linear detection, reconstruction, and cancellation
· May have iteration
· Parallel interference cancellation (PIC): parallel IC as opposed to successive IC, otherwise similar to SIC 
· PIC receivers can be categorized into L-CW-PIC, ML-CW-PIC or SL-PIC similar to SIC

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