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1 Introduction

In the RAN1#86bis meeting the following conclusion are achieved:
	Conclusion:

· Continue study considering some or all of the following aspects:

· Deployment scenarios/bands, same-/cross-operator considerations

· Resource assignments and rate adaptations

· Frame structure and HARQ/scheduling timing

· Measurements for cross-link interference management

· Signalling (e.g., OTA, backhaul, UE capability, etc.)

· Cross-link interference management (IC/IS, power control, etc.)

· Centralized vs. distributed interference/resource management

· Beamforming/MIMO

· Duplex modes (e.g., FDD/TDD, FDM/TDM, etc.)

· Latency reduction

· Whether or not LTE interference/resource management can be used as a starting point (as applicable)

· Sensing

· RS design

· Advanced receiver

· Timing alignment between DL and UL 


Flexible duplex allows flexible resource allocation among different transmission directions, for both paired and unpaired spectrum. The key issue in the flexible duplex is the cross-link interference between different types of links. In RAN1#86bis meeting, a bunch of techniques were agreed to be further studied. In this contribution, some of the items in the list are discussed as well as their benefits. 
2 Discussion
In this contribution, the interference mitigation techniques are discussed in the following sections such as the advanced receiver, beamforming, interference sensing and power control.
2.1 Advanced receiver 
In LTE studies such as NAICS [1] and MUST [2] etc., advanced receivers are studied and are used for interference suppression. The studied advanced receiver includes LMMSE-IRC, E-LMMSE-IRC, ML, R-ML and iterative ML/R-ML, L-CWIC, Turbo L-CWIC, ML-CWIC, SLIC and PIC etc.  To apply the advanced receiver for the interference suppression, timing alignment is assumed for the interference signal and the wanted signal. And for all types of the advanced receiver above, the per-subcarrier interference channel estimation of the interference and wanted signal is required. The reference signal, sensing, timing alignment between DL and UL as well as the type of receivers can be designed to suppress the interference effectively. 
Orthogonal reference signal [3, 4] for the interference and wanted signal can significantly reduce the complexity for channel estimation. With orthogonality, the channel estimation of the interference and wanted signal can be performed jointly with low complexity. And as another aspect, the reference signal contamination between the DL and UL can be significantly alleviated with the orthogonality. The channel estimation will be more accurate for the advanced receiver to improve the interference cancellation performance. 
As another aspect, if the two signals are timing aligned, the same FFT operation can be used to handle the interference and the wanted signal. The timing alignment means that the arrival difference of the interference and wanted signal is within the CP duration of the OFDM symbol. And then the interference cancellation complexity can be significantly reduced.
The following simulation results depict the interference cancellation effect using advanced receivers. The simulation assumptions are listed in Table 2 which can be found in the appendix. The evaluation results show that the advance receiver can significantly reduce the impact of the cross-link interference. 
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Figure 1. Demodulation performance using different receivers
Observation 1: Advanced receiver E-LMMSE-IRC can significantly reduce the cross link interference level with low complexity. 
Proposal 1:  Adopt advanced receiver for the interference cancellation between DL and UL.
2.2 Beamforming and beam nulling 
In NR, MIMO is one of the key features to improve the system throughput. For cross link interference mitigation, beamforming and beam nulling are also promising. Using the beam techniques, the interfering TRP can perform the beamforming transmission based on the knowledge of the location or the wireless channel between the interfering and interfered TRP. And the interfered TRP can perform the uplink receiving based on some knowledge of interfering TRP. In current LTE deployment, tilting is one type of the usage of beamforming. The main lobe of the coverage beam is down tilted to direct to the cell. And in the horizontal direction, the signal radiation is very low. The interference to other TRPs can be significantly lower than the signal to the main direction. Beam coordination can be applied to avoid transmitting to other TRPs which are receiving, and the TRP that is receiving can apply the receiving beam to filter the interference signal in space domain.
The following figure 2 shows the possible beam for the transmitting and receiving with ULA of 16 antennas. From the figure we can see that, the antenna gain will be about -50dB below the main direction at 7.2 degree away from the main direction. And the highest side lobe is almost 13dB. From the antenna gain analysis, we can conclude that to suppress the DL interference to the uplink receiving, the transmitting TRP can make its nulling of the beam gain directing to the TRPs which are receiving. And from the receiving TRP perspective, the nulling can direct to the transmitting TRP to avoid the interference. From this point of view, the interference of the downlink can be suppressed in a large scale. 
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Figure 2. Illustration of the transmitting and receiving beam for the TRP
Observation 2: Beamforming/beam nulling can significantly reduce the cross link interference level.
Proposal 2: Adopt beamforming/beam nulling for the cross link interference mitigation scheme. 

2.3 Interference sensing 
To handle the cross link interference using the advanced receiver, beamforming, etc. some pre-knowledge should be obtained. The pre-knowledge includes the arrival time, the instant channel, power of the interference signal and other knowledge. Interference sensing is one of the effective methods for this purpose. The sensing signal can reuse the existing DL/UL reference signals such as the DMRS, CSI-RS, and SRS etc. Based on sensing, some solutions (e.g. power control [5], scheduling coordination, rate adaptation, etc) can be applied to reduce cross-link interference. Some simulation results are given in our companion contribution [6]. Table 1 also shows these simulation results. It shows that UE-to-UE sensing/measurement along with some power control mechanism can bring significant performance gains in flexible duplex. 
Proposal 3: Adopt interference sensing to assist cross-link interference mitigation scheme.
2.4 Power control 
· DL power control
DMRS is agreed to be used in NR for PDSCH transmission with beams. And due to that, the precoding and beamforming is transparent to the UE and downlink power control is simpler than the CRS-based transmissions in LTE.  Downlink power control can be used for the interference control together with the coordinated scheduling. For example, the cell centre UE can be scheduled with low power in the downlink if the neighbour cell is receiving in the downlink. 
· UL power control
From [6] and [7], it can be seen that UE-to-UE interference will be a bottleneck for some flexible duplex scenarios (e.g. indoor). Thus based on some UE-to-UE sensing/measurement, UL power control can be used to avoid or reduce the strong UE-to-UE interference. Some simulation results are given in our companion contribution [6]. It shows that UL power control in accordance with UE-to-UE sensing/measurement is able to bring significant performance gains in flexible duplex.   
Proposal 4: Adopt power control for the cross-link interference mitigation scheme. 
Table 1: DL edge performance with/without UE-UE interference coordination
	Carrier Frequency
	Radio of DL/UL traffic
	Without UE-UE interference coordination (Mbps)
	With UE-UE interference coordination (Mbps)
	UE-UE interference coordination Gain

	30GHz
	1:1
	45.28
	59.04
	30.4%

	
	2:1
	46.16
	55.04
	19.2%

	
	4:1
	57.04
	58.48
	2.5%


3 Conclusions
In the contribution we have the following observations and proposals 
Observation 1: Advanced receiver E-LMMSE-IRC can significantly reduce the cross link interference level with low complexity. 
Observation 2: Beamforming/beam nulling can significantly reduce the cross link interference level.
Proposal 1: Adopt advanced receiver for the interference cancellation between DL and UL.
Proposal 2: Adopt beamforming/beam nulling for the cross link interference mitigation scheme. 
Proposal 3: Adopt interference sensing to assist cross-link interference mitigation scheme.

Proposal 4: Adopt power control for the cross-link interference mitigation scheme.
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Appendix
Table 2. Simulation assumptions
	Parameter 
	Value

	Bandwidth
	10MHz

	Carrier frequency
	4GHz

	Subcarrier space
	15kHz

	Frame structure
	FDD

	Cyclic prefix
	Normal

	Antenna configuration
	2*2 ULA low correlation

	Propagation channel
	TDL-C 300ns

	Channel estimation
	Ideal

	Number of OFDM symbol for control region
	2

	Number of PRBs of PDSCH
	24

	Transmission scheme
	Spatial multiplexing

	Rank
	1

	HARQ
	Disable

	MCS
	16QAM 1/2

	Number of interference signal
	1

	Modulation of interference
	16QAM


