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Introduction
[bookmark: _Ref129681832]During last RAN1 NR Ad Hoc meeting, the following conclusion [1] is achieved on duplexing:
	Conclusion:
· Companies shall provide the following information in RAN1#88 for analyzing interference mitigation schemes for TRP-to-TRP and/or UE-to-UE cross-link interference
· Gains provided by the considered interference mitigation scheme
· Potential specification impacts (not limited to RAN1) of the considered interference mitigation scheme


In this contribution, we discuss and conclude the cross-link interference mitigation schemes and their enablers for duplexing flexibility for both paired and unpaired spectrum. Furthermore, we analyze the potential specification impacts of these schemes.
Discussion
Duplexing flexibility has been recognized as one of the key features to improve system performance, as it allows flexible resource allocation among different transmission directions to adapt to the traffic variation. However, strong cross-link interference, e.g. TRP-to-TRP and UE-to-UE interference, may occur in the case that neighboring cells use different transmission directions on the same or partially-overlapping time-frequency resources, which may lead to significant performance degradation.
[bookmark: OLE_LINK30]To tackle such issue, cross-link interference mitigation schemes need to be considered and supported. Generally, the interference mitigation schemes can be divided into three categories: suppression-based schemes, coordination-based schemes and sensing-based schemes. These schemes and corresponding enablers will be respectively discussed in subsequent sections. The discussed schemes can be applied to both TRP-to-TRP and UE-to-UE interference mitigation.
[bookmark: OLE_LINK5]Proposal 1: Cross-link interference mitigation schemes need to be supported for NR duplexing flexibility.
Suppression-based schemes
This section focuses on suppression-based schemes especially the advanced receiver based interference suppression, and the enablers including reference signal and timing alignment are also discussed.
· Suppression-based scheme: advanced receiver.
Interference suppression schemes can be applied at the receiver side to suppress or cancel interference. Such techniques require the receiver to have the ability of performing advanced receivers, such as enhanced-IRC or R-ML receiver. In the studies of LTE NAICS and MUST, advanced receiver has been proved to be effective to tackle interference issues. Thus for duplexing flexibility, it is proper to naturally consider advanced receiver based interference suppression schemes as candidate schemes to combat cross-link interference.
According to the link-level evaluation results in [2], it can be observed that E-LMMSE or R-ML receiver is effective to suppress cross-link interference even for the situation that interference power is much higher than that of wanted signal.
· Enabler: symmetric RS and timing alignment on cross-link.
To enable the receiver to perform advanced receiver and to further ensure its effectiveness, the following enabling schemes should be considered:
Acquisition of accurate channel state information for cross-link is an essential requirement for advanced receiver. When cross-link interference exists, UL RS in one cell would be interfered by DL signals including data or RS from neighbored cells, and vice versa, leading to channel estimation performance degradation. Thus, it is necessary to investigate proper RS design in order to maintain sufficient channel estimation accuracy. A promising solution is to have symmetric RS design, i.e., DL and UL RS have unified pattern including the same CDM fashion if utilized. The UL/DL symmetry criterion has already been agreed to be taken into account for DMRS design in the last RAN1 Ad-hoc meeting [1]. Based on such design, it is easy to attain orthogonality between DL and UL RS to avoid cross-link interference. It can be observed in [2] that symmetric RS design is more beneficial to avoid cross-link interference between DL and UL RS than asymmetric RS design. 
Another requirement for advanced receiver is the timing alignment between wanted signal and interference.  Due to the UL-to-DL switching time and propagation delay on cross-link, timing misalignment will inevitably exist between DL and UL. There is no doubt that the performance of advanced receiver would degrade in a large scale when timing misalignment is larger than CP length. To keep timing misalignment within CP duration, methods to realize the timing alignment at the receiver side should be investigated. For example, introduce additional timing offset to align the symbols between DL and UL of neighbor cells or new timing parameters to adjust slot timing.
· Specification impact.
To facilitate the advanced receiver based interference suppression, potential specification impacts are as follows:
Information exchange among TRPs, e.g., DMRS related information including pattern and sequence initialization ID. Then TRP can effectively estimate the interference channel to implement advanced receiver for cross-link interference suppression.
Signaling to provide necessary information to facilitate the interference cancellation at UE side, e.g., interference DMRS port, sequence, so that UE can adopt E-LMMSE-IRC receiver to suppress cross-link interference.
Signaling or mechanism to provide necessary information to attain timing alignment, e.g., timing offset, timing adjustment parameter.
Reference signal pattern and configuration to achieve RS symmetry between DL and UL.
Proposal 2: The suppression-based schemes including advanced receiver and the corresponding enablers (e.g. symmetric RS and timing alignment on cross-link) need to be supported for NR duplexing flexibility. 
[bookmark: OLE_LINK37]Coordination-based schemes
In this section, further analysis on coordination-based schemes is given:
· Coordination-based scheme: scheduling/beam/power coordination.
[bookmark: OLE_LINK47]Since strong cross-link interference can be effectively avoided by carefully coordinating beams, transmission directions, scheduled resources and transmission power, the coordination-based schemes such as beam/scheduling coordination and power control should be considered and supported to facilitate the cross-link interference mitigation.
Beam/scheduling coordination is an effective mechanism. Based on flexible beam/scheduling coordination, the strong cross-link interference can be avoided as a proactive way. It is able to reduce the amount of strong interference sources which can facilitate more effective interference suppression. The preliminary evaluation shows that with appropriate coordination scheme in some case, the proportion of TRPs or UEs suffering more than 2 strong cross-link interference sources is less than 10%. According to simulation results of dense urban scenarios [3], beam coordination can greatly improve the system performance. For most cases, duplexing flexibility without cross-link mitigation can’t get considerable gain or even obtains negative gain compared to static TDD. But if coordination-based scheme is applied, the significant gain can be observed. For example on 30GHz, the gain of UL average and 5%-tile UPT can reach up to 158% and 123% respectively when beam coordination is applied in duplexing flexibility . 
Power control has been discussed to be one promising mechanism to mitigate the cross-link interference in eIMTA. Thus for duplexing flexibility, it is proper to naturally consider power control as candidate scheme to combat cross-link interference. Simulation results in [4] show that power control can bring significant performance gain of DL and UL UPT. The cross-link interference can be seen as one factor that needs to be considered when deciding the transmission power on both DL and UL. So basically, power control can be recognized as a power coordination scheme. 
· Enabler: long-term CLI measurement, inter-TRP information exchange.
To perform effective cross-link interference mitigation, the coordination-based schemes should be operated based on some long-term cross-link interference information, so long-term cross-link interference (CLI) measurement would be essential. Besides, to enable these schemes, certain assistance information needs to be exchanged among TRPs, e.g. desired beams/scheduled users, transmission directions and etc., thus the information exchange mechanism needs to be investigated.
· Specification impact
The coordination-based schemes would have some potential specification impact. Firstly, cross-link interference is another kind of interference which differs from legacy interference in LTE, so how to specify the RS used for long-term CLI measurement needs to be investigated. Secondly, since X2-based backhaul whose latency is on the order of 20ms may not satisfy to support more dynamic inter-TRP assistance information exchange for NR duplexing flexibility, some enhanced schemes, e.g., OTA  signaling, should be considered in NR specification. Thirdly, for power control, it would need few specification efforts unless some new parameters which characterize the impact of cross-link interference are considered.
[bookmark: OLE_LINK9][bookmark: OLE_LINK49]Proposal 3: The coordination-based schemes (e.g. beam/scheduling/power coordination) and the corresponding enablers (e.g. long-term CLI measurement, inter-TRP information exchange) need to be supported for NR duplexing flexibility.
Sensing-based schemes
In this section, we mainly present the sensing-based schemes, the corresponding enablers and potential impacts on specification. 
· [bookmark: OLE_LINK4]Sensing-based scheme: power back-off, transmission yielding and link adaption based on sensing.
For duplexing flexibility, cross-link interference of TRP-TRP and UE-UE fluctuates more frequently if the transmission directions of neighboring cells can change on the basis of slot. In addition, coordination-based schemes may be ineffective if there is non-ideal backhaul or no backhaul. In these cases, the sensing-based schemes including power back-off, transmission yielding and link adaption based on sensing can be utilized by the aggressor TRP/UE to avoid generating strong cross-link interference to the victim TRP/UE. As distributed mechanisms, sensing/LBT-like based schemes have been proven to be effective for controlling channel access collision in the scenarios of spectrum sharing e.g. Wi-Fi, LAA, etc. In indoor hotspot scenario [5], cross-link interference mitigation schemes including power back-off based on sensing are adopted to mitigate the UE-UE interference, and simulation results show that the gain of DL 5%-tile UPT with the mitigation schemes can reach up to 25.63% on 30GHz carrier.  
· Enabler: short-term CLI measurement.
[bookmark: OLE_LINK2]Sensing-based schemes should perform on top of the short-term CLI measurement which may have two different measurement metrics, i.e., energy detection and signal detection. It requires to define sensing signal and the corresponding time/frequency resources on which sensing signal is transmitting. The trade-off between performance and sensing overhead is the key principle to be considered when designing short-term CLI measurement.
· Specification impact.
To enable sensing-based schemes for duplexing flexibility, some potential impacts on specification can be concluded. Firstly, the RS/channel used for short-term CLI measurement needs to be specified. Secondly, how to implement short-term CLI measurement needs to be investigated at least at UE side. Thirdly, how to apply the sensing results into link adaption/power back-off/transmission yielding also needs to be specified at least at UE side.
Proposal 4: Sensing-based schemes (e.g., power back-off/transmission yielding and link adaption based on sensing) and the corresponding enablers (e.g. short-term CLI measurement) need to be supported for NR duplexing flexibility.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discuss the cross-link interference mitigation schemes and their enablers for duplexing flexibility for both paired and unpaired spectrum. Furthermore, we analyze the potential specification impacts of these schemes. The discussed schemes can be applied to both TRP-to-TRP and UE-to-UE interference mitigation. The key points of this contribution is summarized in the following table:
	
	Solution
	Enabler
	Specification impact

	Suppression-based scheme
	· Advanced receiver 
	· Symmetric RS on cross-link
· Timing alignment on cross-link
	· Symmetric RS design
· Information exchange among TRPs 
· Signaling/mechanism to facilitate interference cancellation and cross-link timing alignment

	Coordination-based scheme
	· Scheduling coordination
· Beam coordination
· Power coordination
	· Long-term CLI measurement
· Inter-TRP information exchange
	· RS for long-term CLI measurement
· Backhaul/OTA signaling
· Power control

	Sensing-based scheme
	· Link adaption
· Power back-off
· Transmission yielding
	· Short-term CLI measurement
	· RS for short-term CLI measurement
· Sensing procedure
· Application of sensing



Based on all previous discussions, we have the following proposals:
Proposal 1: Cross-link interference mitigation schemes need to be supported for NR duplexing flexibility.
Proposal 2: The suppression-based schemes including advanced receiver and the corresponding enablers (e.g. symmetric RS and timing alignment on cross-link) need to be supported for NR duplexing flexibility. 
Proposal 3: The coordination-based schemes (e.g. beam/scheduling/power coordination) and the corresponding enablers (e.g. long-term CLI measurement, inter-TRP information exchange) need to be supported for NR duplexing flexibility.
Proposal 4: Sensing-based schemes (e.g., power back-off/transmission yielding and link adaption based on sensing) and the corresponding enablers (e.g. short-term CLI measurement) need to be supported for NR duplexing flexibility.
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