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Introduction
One important aspect of New Radio Access Technology (NR) is the design of interference management schemes to meet the key NR requirements. TR 38.913 v0.3.0 states as one of key performance indicators in NR that 5th percentile user spectrum efficiency requires to be three times higher than IMT-Advanced requirement [1]. As small cells become more densely deployed in NR, performance degradation due to co-channel interference will be a more serious problem and make it hard to meet the cell edge requirement of NR. To overcome these challenges, this contribution addresses modulation schemes, one of key components at physical layer determining the performance, by taking into account the inter-cell interference management aspect of NR.

Motivation
As a first step dealing with the co-channel interference problem on the receiver side, conventional linear receivers were improved by considering statistical information of interference channels and thus developed into minimum mean square error - interference rejection combining (MMSE-IRC) receivers, which are now widely and commercially used in industry. Another example of interference management based on advanced user equipment (UE) receivers is network-assisted interference cancellation and suppression (NAICS) in 3GPP Rel-12. The key specification support to realize NAICS is higher-layer signaling to facilitate inter-cell interference cancellation and suppression on the UE side. The specification support to realize this feature is semi-static signaling from eNB to UE that conveys interfering cell information that a UE can exploit when performing interference mitigation/cancellation. The exact mitigation/cancellation scheme employed at the UE receiver to support this feature is not specified. NAICS can be implemented using different receiver algorithms. One scheme that received much attention during the NAICS study/work item was symbol-level interference aware detection.

Modulation for interference management based on advanced receivers
Although symbol-level interference aware detection (IAD) provides superior performance compared to MMSE-IRC receivers, there are other receivers that can outperform it. It has been verified in information theory that sequence-level interference-aware techniques always increase performance and more importantly that maximum-likelihood (ML) optimal decoding performance can be achieved by another decoding strategy, simultaneous non-unique decoding (SND), which tries to decode the interference signal jointly with the desired signal but does not care about any decoding errors in interference decoding, when p2p coding techniques are imposed. However, SND must use some form of multi-user sequence detection, which can't be implemented in its current form without sacrificing one or the other, and thus it's been very difficult to achieve the SND performance in practice.
A few approaches can be considered to tackle this issue. First, interference-aware successive decoding (IASD) aims to achieve the simultaneous decoding performance of turbo codes by iteratively decoding for both desired and interfering encoded code blocks (CBs). It performs well in general and better than successive interference cancellation schemes in particular. Second, one can use single user superposition transmission in a diagonal manner (CB is mapped in a diagonal manner across levels in multilevel coding), which mitigates co-channel interference by approaching the SND performance with p2p codes at low complexity. 

1.1 Single user superposition transmission in a diagonal manner
The transmitter using single user superposition transmission in a diagonal manner sends one encoded CB over multiple blocks and multiple levels (see Fig. 1 for the example of single user superposition transmission in a diagonal manner for one CW and one layer at a transmitter), where a block is defined as resource resulted from dividing whole allocated frequency-time resource by a certain number. Assume that the whole allocated frequency-time resource consists of b blocks and that 4-PAM signal is transmitted. For transmission in block j, the first half of encoded CB c(j) is mapped to one BPSK level, while the second half of encoded CB c(j-1) is mapped to the other BPSK level. The superposition of the two BPSK levels, which contains partial information of two CBs m(j) and m(j-1), forms a sequence of 4-PAM symbols to be sent in block j. A similar transmission can be easily adapted for other transmission symbols, such as higher-order PAM, QAM, and PSK symbols. Thus, encoded CB c(j) is mapped in a diagonal manner across two levels in blocks j and j+1 as shown in Fig. 1. 
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Fig. 1. Single user superposition transmission in a diagonal manner for one CW and one layer at a transmitter

1.2 UE receiver
The receiver recovers a desired CB by decoding an interference signal and a desired signal sequentially based on received signals within a given sliding window. More specifically, the receiver cancels out known information from a received signal and decodes for an interference signal and a desired signal sequentially. For instance, assuming that a current sliding window covers blocks j and j+1, it cancels out known information from a received signal in block j using the encoder structure of superposition coding in a diagonal manner. Since a desired signal is not as yet known, it decodes an interference signal first by considering the desired signal as noise and cancels out the decoded interference signal from the received signal in blocks j and j+1. Now it recovers a desired signal from received signals in both blocks j and j+1 by treating unknown signals as noise, and cancels out the decoded desired signal from the received signal in blocks j and j+1. It then slides the window to the right over blocks j+1 and j+2 and decodes an interference signal in blocks j+1 and j+2, and cancels it out from the received signal in blocks j+1 and j+2. In this way from block 1 to b, it performs sliding-window decoding and successive cancellation decoding over all blocks, as illustrated in Fig. 2. 
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Fig. 2. Sliding-window decoding and successive cancellation decoding at a UE receiver

Single user superposition transmission in a diagonal manner increases the data rate of an interference signal by handling co-channel interference via utilizing known information at every decoding step to decode interference better than the conventional approaches, which, in turn, helps increase the rate of a desired signal recovered at another receiver. Thus the sum-rate increases up to the SND decoding performance. 

Proposal 1: NR modulation should study various modulation mapping for inter-cell interference management based on advanced receivers.

Performance evaluations
[bookmark: _GoBack]Single user superposition transmission in a diagonal manner can be implemented via off-the-shelf codes such as LTE turbo codes to evaluate the link-level performance. When evaluated in Ped-B interference channels with average INR = 10 dB, the single user superposition transmission in a diagonal manner performs better than treating interference as noise (IAN) by 8 dB, interference-aware detection (IAD, NAICS receiver) by 6 dB, interference-aware successive decoding (IASD) by 1.8 dB at BLER = 0.1 (see Fig. 3). Note that IAN, IAD, and IASD used bit-interleaved coded modulation (BICM).
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Fig. 3. Link-level performance for the single user superposition transmission in a diagonal manner, IASD, IAD, and IAN in the SISO symmetric Ped-B interference channel with average received INR = 10 dB. 
Sum-rate = 1.2 bits/D. Modulation: 4-PAM.

Proposal 2: As for inter-cell interference management based on advanced receivers, performances of various modulation mapping should be evaluated based on key metrics including spectral efficiency and throughput.

Conclusion
Inter-cell interference management is an essential aspect of NR in order to achieve high system throughput. This contribution presents Samsung’s view on the support of new modulation mapping for NR interference management based on advanced receivers. The following proposals are made:

Proposal 1: NR modulation should study various modulation mapping for inter-cell interference management based on advanced receivers.
Proposal 2: As for inter-cell interference management based on advanced receivers, performances of various modulation mapping should be evaluated based on key metrics including spectral efficiency and throughput.
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