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Introduction
In RAN1#86bis, the following agreement on NR network coordination aspects was made [1].

	Agreements:
· Study the need of network assistance and coordination for different types of interference suppression (e.g. inter user, inter-TRP interference) and cancellation based on advanced receivers
· Consider information related to interfering signals for interference suppression and cancelation at UE side
· As a baseline, consider NAICs receivers structures in LTE

· RAN1 to study the following aspects :
· Codeword-to-layer mapping
· Number of codewords on a “NR-PDSCH”
· Other techniques not precluded
· This RAN1 study should consider advanced receivers for interference mitigation
· In the case of network coordination: the following can also be studied
· Rank and modulation order
· Modulation mapping
· Other techniques not precluded
· FFS: For this RAN1 study, the following performance metrics for non-full-buffer system level evaluation can be considered:
· Average UPT
· [5%,50%,95%]-tile UPT



In order to evaluate the performance of advanced receivers via system level simulation (SLS), it is essential to derive proper physical layer (PHY) abstraction [link-to-system (L2S) mapping] for the employed advanced receiver. This contribution discusses the details of the PHY abstraction methodology for an advanced receiver discussed in [2] to evaluate the SLS results more realistically [3].   

PHY abstraction for advanced receivers   
TR 38.913 v0.3.0 states that the 5%-tile user spectral efficiency is one of the key NR requirements. In order to improve the cell edge user equipment (UE) average throughput, designing interference-aware advanced receivers is an essential work. In network-assisted interference cancellation and suppression (NAICS) study/work item [4], several PHY abstraction methodologies were discussed in order to evaluate system-level performances based on the embedded link-level receiver models.   
1.1 PHY abstraction for NAICS receivers  
TR 36.866 presents modelling methodologies for various types of interference-aware receivers. Assuming a single interfering signal is taken into account explicitly at the receiver, a received signal can be written as

where  denotes a channel matrix for the desired signal  and  denotes a channel matrix for the interfering signal , and  denotes and AWGN noise vector whose elements are independent and identically-distributed (i.i.d.) complex Gaussian with variance . Then, the E-LMMSE-IRC receiver discussed in [4] is expressed as 
.
Then, the corresponding post processing (pp)-SNR of the -th layer can be analytically calculated as
SNR =,
where  denotes the mean-squared error (MSE) for the -th layer, which is given by     
, 
where  represents the -th diagonal element of a matrix. The effective SNR mapping is calculated as 
,
where the function  maps a SNR value to the corresponding mutual information per transmitted bit (MIB). Here,  is a non-linear invertible function that generally can be calculated from received bit mutual information rate (RBIR) as described in [5, section 4.3.1].  
The received bit mutual information of a ML/R-ML receiver is based on weighting between the MIBs of the lower bound and the upper bound as follows [4]:
,
where  and  are the lower bound and the upper bound on SNR for the ML/R-ML receiver, respectively. The lower bound is equal to the pp-SNR of the E-LMMSE-IRC receiver. The upper bound is given by the perfect interference cancellation bound as follows:  
SNR = ,
where  indicates the v-th column of . The procedures to build up look-up tables to obtain the weighting coefficient  are described as in [6]. The procedure to obtain  is based on the curve fitting to the actual BLER performance with given  and  at a receiver. After averaging  over data REs for code block (CB), an effective SNR is obtained as 
.
Successive interference cancellation (SIC) receiver is a non-linear receiver that decodes and subtracts the interfering signal from the received signal. CWIC [4] is the one of the key receiver discussed in NAICS. SIC-based receivers improve the performance, if interference cancellation is reliable, because the effect of the interfering signal can be removed when it is correctly decoded. Otherwise, the effect of the interfering signal remains.

1.2 PHY abstraction for coordinated interference cancellation 
In RAN1#86bis, it was agreed that advanced receivers with network assistance and coordination will be further studied by considering various approaches including modulation mapping and codeword-to-layer mapping in order to evaluate whether they can provide an additional performance gain than NAICS receivers. Our companion contribution [2] proposes coordinated interference cancellation (CIC) via diagonal transmission as one of potential approaches. Some properties of CIC should be considered to derive its PHY abstraction as follows:
· Decoding for a desired signal and an interfering signal sequentially,
· Gaining the benefit of partially cancelled desired and/or interfering signals, when decoding for the desired signal or an interfering signal, 
· Having various decoding capabilities due to multiple options of decoding orders.

Since a desired encoded CB and an interfering encoded CB are decoded sequentially, as explained in [2], each encoded CB is considered as an interference to each other in the decoding process due to the encoder structure of diagonal transmission. However, interference can be partially cancelled if the previous decoding step succeeds. Partially cancelled interference has the benefit of increasing the pp-SNR of both the desired and the interfering encoded CBs. As the amount of cancelled interference increases, the pp-SNR of the encoded CB increases. As explained in [2], the amount of cancelled interference for the desired encoded CB and the interfering encoded CB changes according to the particular decoding order. 
The effective input of the demodulator (after SIC) in CIC is given by
,
,
where  and  are effective received signals used for decoding a desired encoded CB and an interfering encoded CB, respectively, at a UE receiver. The effective interfering signals  and  change according to a particular decoding order [2] by applying the following rules: 
· Case 1) No cancellation (for i = 0,1)
·  
· Case 2) Partial cancellation (for i = 0,1)
· RI (transmit diversity mode): A transmitted QAM symbol is replaced by a QAM symbol with lower order (for example, 16-QAM symbol is replaced by 4-QAM symbol due to the partial cancellation) 
· RI (spatial multiplexing mode): Some elements in  are replaced by 0 
· Case 3) Full cancellation (for i = 0,1)
· 
Furthermore, the effective desired signals  and  should be slightly modified from the transmitted signals  and  because encoded CBs are mapped in a diagonal manner and decoded sequentially in CIC. It means that if a part of the desired signal is previously decoded, it can be cancelled out at the effective input of the demodulator. This self-interference cancellation is similar to the SIC process in codeword-level SIC receivers employed for SU-MIMO. 
The effective SNRs of the desired encoded CB and the interfering encoded CB for CIC can be calculated on the said channel model by employing the NAICS PHY abstraction methodologies, as discussed in Subsection 2.1. From the definition of the decoding order in [2], the resulting effective SNRs are given as follows:
 for the desired signal,
 for the interfering signal,
because the amount of cancelled interfering signals increases as the decoding order increases when decoding for the desired signal, and the amount of cancelled interfering signals decreases as the decoding order increases when decoding for the interfering signal. After calculating the pp-SNRs, mapping them to effective SNRs, and obtaining the corresponding BLER performances from AWGN link curves, a random variable  is generated to decide whether decoding is successful or not.  
The said PHY abstraction method for CIC is summarized in Fig. 1. Note that UE can choose one (or more) of multiple possible options to decode the desired signal. This is due to the fact that the effective SNRs for the desired signal and the interfering signal change according to a particular decoding order.



Fig. 1. Flowchart of the PHY abstraction for coordinated interference cancellation

Proposal 1: The proposed PHY abstraction methodology should be used for SLS evaluations of coordinated interference cancellation.

Numerical results   
In order to verify the proposed PHY abstraction methodology, we compare MI-BLER curves obtained from link-level simulations of CIC via diagonal transmission with the AWGN reference curve, which is the performance of the same channel codes over a point-to-point AWGN channel. MI-BLER curves are plotted by collecting the average MIB of the received CB calculated by the proposed PHY abstraction and its decoding result. Simulation environments for the verification of the PHY abstraction are given as follows:

· 2x2 symmetric MIMO interference channel (RI = 2 transmission)
· Ped-B fading channel model 
· Average SNR / INR values
· Case 1) 4dB / 1dB 
· Case 2) 6dB / 4dB 
· Case 3) 7dB / 7dB 
· 4-QAM 
· LTE turbo codes (8 iterations) 
· Information length = 232  
· Code rate = 0.485
· Interference-aware ML receiver in [4] for LLR calculations 

If the proposed PHY abstraction methodology is proper, the derived MI-BLER curves should be close to the AWGN reference curve. Fig. 2 shows that the average MIB gap between the MI-BLER curves of several decoding orders and the AWGN reference curve is within 0.05, that is, less than SNR 0.5 dB. Thus, the proposed PHY abstraction precisely estimates the MIB of the received signal and can be employed for evaluating the SLS results. 

[image: ]
Fig. 2. The AWGN reference curve and the MI-BLER curves of CIC obtained by the proposed PHY abstraction.


Conclusion 
In this contribution, a PHY abstraction method is discussed for CIC. Basically, it is based on the previous discussions in [4] and should be modified for the decoding procedure of CIC. The following proposal is made:

Proposal 1: The proposed PHY abstraction methodology should be used for the SLS evaluations of coordinated interference cancellation.
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