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1 Introduction

In the RAN1#86 meeting the following agreements were achieved
	Agreements:
· NR should support at least following design targets: 

· It should allow FDD operation on a paired spectrum 

· It should allow different transmission directions in either part of a paired spectrum
· It should allow TDD operation on an unpaired spectrum where the transmission direction of time resources is not dynamically changing
· It should allow TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing

· FFS: It should allow support of full duplex in a forward compatible way

· Note: transmission directions include all of downlink, uplink, sidelink, and backhaul link 
· Note that additional discussion is needed about the timing to support above targets, particulally the second sub-bullet

· Note that some design targets may or may not be transparent to UE


Flexible duplex allows flexible resource allocation among different transmission directions, for both paired and unpaired spectrum. One of the issues for flexible resource allocation is the interference between different links of different directions, e.g. interference between uplink and downlink in different cells. In this contribution, the TRP-to-TRP interference is analyzed and some of the interference mitigation schemes are discussed. 
2 Discussion
2.1 TRP-to-TRP interference investigation
As discussed in [1, 2, 3], flexible duplex allocates the time-frequency resources to uplink and downlink flexibly, for both paired and unpaired spectrum. When the resources are flexibly allocated to different transmission directions, TRP-to-TRP cross-link interference [2, 3] will happen, as illustrated in Figure 1. 
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Fig. 1: Illustration of downlink-uplink interference in Flexible Duplex

2.2 TRP-to-TRP interference mitigation schemes investigation
In LTE eIMTA [4], some potential TRP-to-TRP interference mitigation schemes were investigated such as cell clustering interference mitigation (CCIM), scheduling dependent interference mitigation (SIDM), interference mitigation based on eICIC/FeICIC schemes and interference suppressing interference mitigation (ISIM). There was not much specification work on cross-link interference mitigation schemes for LTE eIMTA. In this section, we discuss several TPR-to-TRP interference mitigation schemes for NR flexible duplex. 
· Symmetric design
For interference suppression schemes such as interference mitigation using advanced receivers, e.g. MMSE-IRC, R-ML, SIC etc [5], better interference mitigation can be achieved if the interference signal has the same waveform [6] as the wanted signal (i.e. the uplink signal in the target cell which is interfered by the downlink signal from neighbor cells). With symmetric DL and UL waveform, the interference and the wanted signal can be jointly detected using the advanced receivers. In addition, the subcarrier spacing and subcarrier grid should be aligned in DL and UL. In order to achieve good interference cancellation performance, orthogonal or quasi-orthogonal reference signals in DL and UL should be considered to allow accurate channel estimation for cross-link interference cancellation. 
For advanced receivers, timing alignment between the wanted signal and the interference signal is also beneficial. Such timing alignment allows using a same FFT operation and matrix operation for the interference estimation and cancellation. In case of flexible usage of the spectrum, there is a switch time between the uplink and downlink transmission. The switch time will lead to signal timing misalignment at the receiver side as illustrated in Fig.3. TA offset in LTE for example is much larger than the CP length. Hence, mechanism for the timing alignment is needed for NR. 
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Fig.2: Misalignment of wanted signal and interference
To apply the advanced receiver, methods to align the interference signal in time domain at the receiver side should be investigated. One of the simple methods is to adjust the transmission timing advance to align the uplink received signal and the interference signal from the neighbor cell. 
Proposal 1: The following TRP-to-TRP interference mitigation enabler for advanced receiver should be studied in addition to the symmetric waveform for uplink and downlink
· Orthogonal uplink and downlink reference signal

· Timing alignment of the downlink interference signals and the wanted uplink signal 
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Fig.3: illustration of interference mitigation using Beamforming and beam nulling

·  Coordinated beaming and beam nulling 
In NR Beamforming is one of the key technologies to improve spectrum efficiency. For interference mitigation, beamforming could be used for interference avoidance. For example, the beam of the downlink transmission could avoid directing to an adjacent TRP which is receiving the uplink signal at the same time. Beam nulling is one of the means. For beamforming method, when the location of the neighbor cell is identified, beam vectors can be generated to avoid strong interference to the neighbor TRP. When beam nulling is applied, the instant fading channel of the TRP-TRP needs to be measured to form the instant beam shape. With the instant channel, the beam nulling could be directed to the neighbor TRPs. The Beamforming/nulling scheme is illustrated in Fig.3. Antenna down tilting can be viewed as one of the beamforming method for the interference mitigation, and the down titling method is also evaluated in [5, 6]. 
Proposal 2: Coordinated beaming/nulling methods for interference mitigation should be studied. 
· DL/UL Power control
To reduce the impact from the interference signal, power control can be considered. DL power control of the interfering TRP can be used to control the interference level. The power of the downlink transmission to the UE closer to the TRP could be lower. For NR, DMRS based transmission in the downlink is comprehensively used, and the power control is simpler and more flexible than the CRS based transmission schemes in LTE. With DMRS based transmission scheme, it is easier to enable more flexible downlink power control. In the uplink direction, UE may need to transmit higher power to combat the downlink interference from other TRPs. The power control includes data channel, control channel as well as the sounding reference signals.
Proposal 3: Flexible downlink and uplink power control should be studied for the interference mitigation. 
· Interference sensing

For interference handling, the most significant and/or the direction of the interfering/interfered TRP needs to be measured. For this purpose, some measurement of the interference signal should be enabled.  There are several means of the measurements. One of those is that the interfering/interfered TRP is transmitting some sensing signals. The interfered/interfering TRP could receive the signal for channel and interference power level measurement. The signal for sensing may be dedicated signals. 
Proposal 4: Interference sensing among TRPs should be studied.
3 Conclusions
In the contribution, we discuss interference mitigation schemes for TRP-to-TRP cross-link interference. The following proposals are provided.
Proposal 1: The following TRP-to-TRP interference mitigation enabler for advanced receiver should be studied in addition to the symmetric waveform for uplink and downlink
· Orthogonal uplink and downlink reference signal

· Timing alignment of the downlink interference signals and the wanted uplink signal  
Proposal 2: Coordinated beaming/nulling methods for interference mitigation should be studied. 
Proposal 3: Flexible downlink and uplink power control should be studied for the interference mitigation. 
Proposal 4: Interference sensing among TRPs should be studied.
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