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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



This contribution describes transmission and reception operations of coordinated interference cancellation via diagonal transmission based on advanced receivers, which is related to the agreements.

TP transmission chain for coordinated interference cancellation
Two transmission modes on the TP side can be considered for coordinated interference cancellation via diagonal transmission: transmit diversity and spatial multiplexing modes. 

2.1 Transmit diversity mode
In coordinated interference cancellation via diagonal transmission, a single communication block consists of b subblocks, each consisting of n transmitted symbols, where a subblock is defined as resource resulted from dividing whole allocated frequency-time resource by a certain number, say b here. Each code block (CB) is transmitted over two subblocks and two levels, as illustrated in Fig. 1. To be concrete, we assume that a 16-QAM (or 4-QAM) signal is transmitted, represented as the outputs of modulation mapper with the input of two levels – one level corresponds to two most significant bits (MSBs) and the other level corresponds to two least significant bits (LSBs). 
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Fig. 1. Encoder structure of coordinated interference cancellation via diagonal transmission

To communicate the CB m(j) for j=1, 2, …, b-1, the channel encoder uses a binary channel code of length 4n (or 2n) bits to form a codeword and its scrambled and/or interleaved version c(j). For transmission in subblock j, the second half of the previous encoded CB c(j-1) is mapped to one level, while the first half of the current encoded CB c(j) is mapped to the other level. The two levels are fed into the modulation mapper. 
The modulation mapper takes two (or one) bit(s) from one level as MSBs and two (or one) bit(s) from the other level as LSBs to form an input to the layer mapper. A similar procedure can be readily adapted to higher-order QAM symbols. Overall, (b-1) encoded CBs are transmitted over b subblocks with one level missing during the initial and/or final subblock(s), resulting in a slight rate loss from the actual code rate.
Layer mapping and precoding for transmit diversity specified in 3GPP TS 36.211 can also be used for coordinated interference cancellation via diagonal transmission. Fig. 2 shows the TP transmission chain for coordinated interference cancellation via diagonal transmission in the transmit diversity mode.
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Fig. 2. TP transmission chain for coordinated interference cancellation via diagonal transmission in the transmit diversity mode

2.2 Spatial multiplexing mode
A single communication block also consists of b subblocks, each consisting of n transmitted symbols. To be concrete, each CB is transmitted over two subblocks and two levels, as illustrated in Fig. 1, for two transmit antenna ports. In the spatial multiplexing mode, however, we assume that a 16-QAM signal is transmitted, represented as the output of a modulation mapper with the input of one level (or the other level), unlike the transmit diversity mode, as shown in Fig. 3. 
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Fig. 3. TP transmission chain for coordinated interference cancellation via diagonal encoding in the spatial multiplexing mode

To communicate the CB m(j) for j=1, 2, …, b-1, the channel encoder uses a binary channel code of length 8n bits to form a codeword and its scrambled and/or interleaved version c(j). For transmission in subblock j, the second half of the previous encoded CB c(j-1) is mapped to one level, while the first half of the current encoded CB c(j) is mapped to the other level. Each level is fed into each modulation mapper. 
One modulation mapper takes four bits from one level to form the first input to the layer mapper. Similarly, the other modulation mapper takes four bits from the other level to form the second input to the layer mapper. A similar procedure can be readily adapted to lower or higher-order QAM symbols.
Layer mapping and precoding for spatial multiplexing specified in 3GPP TS 36.211 can also be used for coordinated interference cancellation via diagonal transmission. The above said diagonal encoding - encoded CBs are mapped in a diagonal manner across layers - in codeword-to-layer mapping can be naturally extended to the case for more than two transmit antenna ports, say m; for example, each CB is transmitted over m subblocks and m levels in a similar way to the D-BLAST architecture. 

Proposal 1: The proposed TP transmission chains for transmit diversity and spatial multiplexing should be considered for coordinated interference cancellation

UE reception chain for coordinated interference cancellation 
UE recovers desired CBs by sliding the decoding window over two blocks. In each decoding window, the desired CB and/or the interfering CB is recovered, successively. If both the desired and interfering encoders use the two-level encoder structure illustrated in Fig. 1, there are four possible decoding orders at UE:

1. The desired encoded CB c(j) only
In the decoding window spanning over blocks j and j+1, UE recovers the desired encoded CB c(j) by decoding received signals in blocks j and j+1 via treating desired encoded CB c(j+1) and interfering encoded CBs c'(j-1), c'(j), and c'(j+1) as noise. It then slides the decoding window to blocks j+1 and j+2.

2. c(j), then the interfering encoded CB c'(j)
In the decoding window spanning over blocks j and j+1, UE recovers the desired encoded CB c(j) by decoding received signals in blocks j and j+1 via treating desired encoded CB c(j+1) and interfering encoded CBs c'(j) and c'(j+1) as noise. It then recovers the interfering encoded CB c'(j) via treating desired encoded CB c(j+1) and interfering encoded CB c'(j+1) as noise. It then slides the decoding window to blocks j+1 and j+2.

3. c'(j), then c(j)
In the decoding window spanning over blocks j and j+1, UE recovers the interfering encoded CB c'(j) by decoding received signals in blocks j and j+1 via treating desired encoded CBs c(j) and c(j+1) and interfering encoded CB c'(j+1) as noise. It then recovers the desired encoded CB c(j) via treating desired encoded CB c(j+1) and interfering encoded CB c'(j+1) as noise. It then slides the decoding window to blocks j+1 and j+2.

4. The next interfering encoded CB c'(j+1), then c(j)
In the decoding window spanning over blocks j and j+1, UE recovers the interfering encoded CB c'(j+1) by decoding received signals in blocks j and j+1 via treating desired encoded CBs c(j) and c(j+1) as noise. It then recovers the desired encoded CB c(j) via treating desired encoded CB c(j+1) as noise. It then slides the decoding window to blocks j+1 and j+2.

Fig. 4 illustrates an example of the decoding operation that corresponds to the encoder structure in Fig. 1. 
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Fig. 4. UE reception operation via sliding-window decoding and successive cancellation decoding according to a particular decoding order.

The four possible decoding orders at UE have different tradeoffs between the rate R of the desired encoded CB and the rate R' of the interfering encoded CB, as illustrated in Fig. 5. 
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Fig. 5. Achievable rate regions of coordinated interference cancellation via diagonal transmission and optimal MLD at UE. The dotted line reflects the optimal MLD rate region.

When two TP-UE pairs communicate over an interference channel, the intersection of the achievable rate regions at both UEs determine the achievable rate region of the entire system. Our companion contribution [2] discusses physical layer abstraction methods for coordinated interference cancellation in order to evaluate system-level performances.

Observation 1: Advanced receiver on the UE side can utilize all possible decoding operations that correspond to the encoder structure of coordinated interference cancellation via diagonal transmission to improve throughput performance.

Proposal 2: All the possible decoding orders at UE should be performed for system-level performance evaluations of coordinated interference cancellation via diagonal transmission.

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 interference management based on advanced receivers for NR and discusses transmission and reception of coordinated interference cancellation via diagonal transmission. The following observation and proposals are made:

Proposal 1: The proposed TP transmission chains for transmit diversity and spatial multiplexing should be considered for coordinated interference cancellation
Observation 1: Advanced receiver on the UE side can utilize all possible decoding operations that correspond to the encoder structure of coordinated interference cancellation via diagonal transmission to improve throughput performance.
Proposal 2: All the possible decoding orders at UE should be performed for system-level performance evaluations of coordinated interference cancellation via diagonal transmission.
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