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1 Introduction
Duplexing flexibility has been discussed in the NR study item and relevant performance evaluations and the proposed interference mitigation schemes were captured in TR38.802 [1]. According to the agreed WID for NR, the objectives for duplexing flexibility in NR phase 1 includes specifying the enablers for interference management mechanisms for handling cross-link interference as follows [2]: 
-
Duplexing identified in Section 5.1 of TR38.802 supported by a PHY design common to paired and unpaired spectrum, including [RAN1, RAN2, RAN3]:

-
Enablers for interference management mechanisms for handling cross-link interference.

-
Note: down-selection on enablers for interference management mechanisms is to be discussed in RAN1
In this contribution, we reviewed the cross-link interference management (CLIM) schemes and discuss the required specifications to enable these schemes. 
2 Discussion  
2.1 Overview of cross-link interference management (CLIM) schemes
During the study item, different categories of CLIM schemes were discussed and captured in the TR38.802. These schemes are considered as good starting point to discuss and decide the necessary specification enablers for CLIM. Following is a summary of the proposed CLIM schemes and the proposed enablers. 
· Advanced receiver (IC/IS): The CLI is mitigated by advanced receiver, key enablers are:
· Symmetric/orthogonal RS in DL and UL 

· Time/frequency alignment of DL and UL signals

· Coordinated scheduling
The coordinated scheduling based schemes were proposed by most of the companies. The proposed schemes includes the necessary inter-cell/TRP coordination in various dimensions

· Scheduling coordination, key enablers
· Long-term CLI measurements(TRP-to-TRP CLI, UE-to UE CLI)
· Inter-TRP information exchange (backhaul or OTA)

· Beam coordination 

· Long-term CLI measurements

· Short-term CLI measurements

· Inter-TRP information exchange (backhaul or OTA)
· Link adaptation

· DL and UL CLI measurement
· Power control

· Long-term CLI measurements

· Short-term CLI measurements
· Information exchange among TRPs
· Interference-aware power control
· Cell/TRP clustering 
· Long-term RSRP like CLI measurement (TRP-TRP)

· Information exchange among TRPs, e.g. intended UL-DL usage over backhaul or OTA
Note: The enabler “sensing” is not explicitly listed above as it is understood as included in the long-term/short term CLI measurements; the enabler “OTA signaling” is not explicitly listed above as it is understood as included in the information exchange among TRP.
· Implementation based solutions

It was proposed that for macro deployment, intra-site coordination can be used for CLIM without specification support. However, in indoor hotspot or micro layer of urban macro deployment scenarios, there is no co-site gNBs such that the implementation based solutions without specification support may not be feasible. 
Observation 1: Specified enablers for cross-link interference management schemes should be supported as implementation based solution could not cover all the deployment scenarios. 
Based on the above discussions, generally two categories of CLIM schemes should be considered when discussing the necessary specified enablers, i.e. the advanced receiver for interference cancellation, and the interference coordination. 
Interference cancellation with advanced receiver is an efficient solution to deal with the CLI. The key enabler is the symmetric DL/UL link design which includes the common waveform, subcarrier grid, DMRS design, etc. Based on the mentioned enabler, different advanced receiver types can be used which is mainly implementation specific issue. It is noted that CP-OFDM has been agreed commonly for DL and UL and subcarrier alignment can also be maintained for DL and UL. Furthermore, in RAN1#88 following was agreed with can be a good starting point for the future DMRS design discussion taking into account the cross-link interference cancelation use case.  
Agreements:

· At least for CP-OFDM, NR supports a common DMRS structure for DL and UL
· DMRS for same or different links can be configured to be orthogonal to each other. 
· FFS exact DMRS location, DMRS pattern, and, scrambling sequence for the common DMRS structure.
Observation 2: Principles for the key enablers for cross-link interference cancellation has been concluded and can be continuously discussed in MIMO sessions, e.g. DMRS design. 
Time alignment between the target signal and cross-link interference is also critical to the advanced receiver based CLIM solutions. Such time alignment is not always guaranteed in the scenarios when one or more strong DL-to-UL interference is experienced from remote gNBs. In reality it is difficult to adjust the remote gNB’s Tx timing since there are multiple gNB’s that are experiencing the interference. Adjusting the receiving timing at the victim gNB side may be more practical but it would reduce the available symbols for data transmission. Furthermore, such solution mandates the implementation of advanced receiver which will bring additional burdens especially at the UE side. 
Observation 3: Interference cancellation with advanced receiver should not be the only solution for CLIM.
Similarly as in LTE eIMTA, the coordinated scheduling based solutions were proposed by most companies. Based on the summary above, it can be observed that although different coordinated scheduling schemes can be used, the key enablers are largely in common, which are the following
· Long term CLI measurements

· Short term CLI measurements

· Information exchange among TRPs/gNBs

Observation 4: Common enablers for the coordinated scheduling based CLIM schemes are long term CLI measurements, short term CLI measurements and information exchange among TRPs/gNBs.
2.2 Required specifications to enable the proposed CLIM schemes 
In this section, we discuss the specification impacts for the key enablers for coordinated scheduling based CLIM schemes. 

·  Long term CLI measurement
In the long termed CLI measurement, the gNB/UE measures the statistical interference level and based on which the cross-link interference can be handled. As the interference may come from multiple neighbor gNBs/UEs which could use different transmission directions, total interference measurement as in LTE eIMTA is not able to identify the interfering link direction and the interfering source thus not sufficient. Therefore new gNB/UE measurement should be defined in NR to identify the interference link direction and source and thus used for coordinated schedulking. A RSRP-like measurement can be used defined for this purpose. Specifically, gNB could identify the reference signal, e.g. CSI-RS transmitted from neighbor gNBs and perform RSRP measurements. UE could identify the reference signal, e.g. SRS transmitted from other UEs and perform RSRP-like measurements. 
Proposal 1: gNB-to-gNB RSRP measurement should be supported based on the DL reference signal, e.g.CSI-RS.

Proposal 2: UE-to-UE RSRP measurement should be supported based on the UL reference signal, e.g. SRS.  
· Short term CLI measurement
Given the fixed location of gNBs and relative semi-static change of the DL transmission properties, e.g. DL power control, the long term CLI measurement is sufficient to provide interference information for the coordinated scheduling to handle gNB-to-gNB interference. On the other hand, as the UE movement and more dynamic UL scheduling, the short term CLI measurements on the UE side becomes more useful. The short term CLI measurement can be done in either proactive or reactive ways. The proactive way is similar to the LBT in unlicensed spectrum where the UE performs short term measurement over the channel before transmission. However, as discussed and evaluated [3], such LBT scheme could degrade the system performance compared other CLIM schemes, thus not preferred. The reactive way of short term CLI measurement can be similar to the UE CQI reporting. In order to capture the UE-to-UE interference more accurately, the interference measurement deriving the CQI can be performed on a particular time/frequency resource on which UE-to-UE interference may happen. Some UL scheduling information exchanged among gNBs would be useful for a gNB to determine the potential existence of UE-to-UE interference on a particular UL resource. 
Proposal 3: NR supports UE DL CQI with interference measured on particular time/frequency resource, e.g. time slot and/or frequency RBs to capture the UE-to-UE interference. 
· Information exchange among gNBs
As discussed above, long term gNB or UE CLI measurement can be used to determine the potential strong coupled neighbor gNBs or UEs, the “strong coupled” here means that potential strong CLI between them. Necessary information to facilitate CLIM is then exchanged within a gNB set where strong CLI at either gNB or UE side are observed between each other.  
Proposal 4: Necessary information to facilitate CLIM is exchanged within a gNB set where strong CLI at either gNB or UE side are observed between each other.   

To mitigate the CLI, the information on UL/DL resource usage can be exchanged within the mentioned gNB set, where UL/DL resource information can include the intended transmission direction, i.e. DL or UL in one or multiple time slots. Further, the UL/DL resource information can also include frequency domain information about the DL/UL scheduling, e.g. information on which set of frequency blocks would be scheduled for DL or UL.  With such information, the CLI can be avoided by coordinated scheduling in TDM or FDM manner, or hybrid. 
The exchange of gNB/UE transmit power information could also be beneficial. The gNB can take such transmit power information into account when identifying the strong interfering gNB or UE according to the RSRP-like long term CLI measurement by itself or by the UE associated to it.  
Proposal 5: NR supports at least following information exchange among gNBs to facilitate CLIM.
· UL/DL resource usage information, including the time and/or frequency resource which would be used for UL or DL transmission direction
· gNB or UE transmit power information, e.g. the transmit power level of the reference signal used for long term CLI measurement. 
3 Conclusions
In this contribution, we discussed several aspects related to the interference management in dynamic TDD/flexible duplex operation, with the following proposals: 
Observation 1: Specified enablers for cross-link interference management schemes should be supported as implementation based solution could not cover all the deployment scenarios.
Observation 2: Principles of the key enablers for cross-link interference cancellation has been concluded and can be continuously discussed in MIMO sessions, e.g. DMRS design.

Observation 3: Interference cancellation with advanced receiver should not be the only solution for CLIM.
Observation 4: Common enablers for the coordinated scheduling based CLIM schemes are long term CLI measurements, short term CLI measurements and information exchange among TRPs/gNBs.
Proposal 1: gNB-to-gNB RSRP measurement should be supported based on the DL reference signal, e.g.CSI-RS.

Proposal 2: UE-to-UE RSRP measurement should be supported based on the UL reference signal, e.g. SRS.
Proposal 3: NR supports UE DL CQI with interference measured on particular time/frequency resource, e.g. time slot and/or frequency RBs to capture the UE-to-UE interference.

Proposal 4: Necessary information to facilitate CLIM is exchanged within a gNB set where strong CLI at either gNB or UE side are observed between each other.

Proposal 5: NR supports at least following information exchange among gNBs to facilitate CLIM.

· UL/DL resource usage information, including the time and/or frequency resource which would be used for UL or DL transmission direction
· gNB or UE transmit power information, e.g. the transmit power level of the reference signal used for long term CLI measurement.
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