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1 Introduction

In RAN1 #87 and #NR-2, the following agreements on dynamic TDD for new ratio (NR) were made [1], [2]: 

Agreements:
· NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner

· FFS control signaling details (e.g. UE or cell-specific, applicable for cross and/or same-slot scheduling, switching between dynamic and semi-static operation, etc.)

· FFS adaptation at the level of a mini-slot

· Other aspects, if any, are not excluded

· Note: the applicability of the above bullets in terms of spectra is a separate discussion

Agreements:

· For CLI management, support UE-to-UE interference measurement and reporting without the introduction of new RS(s)
· For UE-to-UE interference, support CLI measurement metrics which include at least one of

· RSRP for the purpose of CLI

· FFS the definition (e.g., based on SRS, DM-RS, etc.) and the corresponding reporting

· RSSI for the purpose of CLI

· FFS the definition (e.g., resources for the measurement) and the corresponding reporting

· For UE-to-UE interference, FFS additionally support CQI/CSI as the CLI measurement metrics and if so, its definition/reporting

Flexible TDD designs are appropriate as a means to modify the capacity split between uplink and downlink to increase spectrum flexibility. However, such designs introduce the problem of strong cross-link interference (CLI) when a downlink transmission happens at the same time of an uplink transmission. CLI may thus have the form of TRP-to-TRP interference from the downlink transmission for DL-users to the uplink reception at the TRP of the neighboring cell. The likely LoS between the TRPs and the strong transmit power may cause unbearably degrading interference. In addition, two UEs in the proximity of each other may be subject to CLI as interference from the uplink transmission of UL-users may affect the downlink reception of DL-users in the different cell. It can be more difficult to deal with the UE-to-UE interference compared to the TRP-to-TRP interference as the interference situation can be changed continuously by the mobility of the UE. Having proper CLI management mechanisms is essential for a proper dynamic TDD operation.
2 Interference mitigation via coordinated duplexing and beam management
This contribution solves the problem of managing interference and reducing signalling overhead by jointly performing beam management and dynamic TDD operation in a coordinated fashion, both essential procedures/functionalities of 5G/NR systems for which interference should play a crucial role as a major scheduling factor. For UL/DL beam association, there’s a possible loss of flexibility if certain beam pair link (BPL) is selected but the interference incurred in the network with such pair is high. Flexible duplexing introduces a new degree of flexibility by changing the duplexing direction if needed when a BM decision is made incurring high interference.
Observation 1: Flexible duplexing introduces an additional degree of freedom to manage interference arising from beam management decisions.
The contribution proposes a novel mechanism, applicable both to UL and DL, to integrate interference considerations when jointly performing beam management and setting the dynamic TDD configuration of a network. Hence, it is the task of the proposed mechanism to decide the beam pair link (BPL) consisting of the TRP and UE Tx/Rx beams, and the transmission path (uplink or downlink) for each candidate UE. The need to integrate interference considerations to the beam management decision arises because of the following reason:

· From the TRP-TRP/UE-UE interference measurement reports obtained from previous CLI management operation, the ‘bad’ beams causing major interference can be identified and such information can be used to facilitate BM procedure so that there is no need or with reduced need to configure RS and reporting when conducting BM for a UE or TRP. In addition, the CLI management procedure may need to be able to activate BM procedure when strong beamformed interference occurs. 
Proposal 1: Cross-link interference measurements, reports, and management methods should be leveraged to identify highly interfering beams and use it as input for better beam management decisions.
We identify three different ways for the proposed method to operate:
· When a UE performs beam management, a BPL and a duplexing configuration can be chosen based on design interference criteria for such UE;
· When a UE performs beam management, BPL and duplexing configurations can be chosen based on design interference criteria for such UE and other UEs served by the same TRP;
· When a UE performs beam management, BPL and duplexing configurations can be chosen based on design interference criteria for such UE and all the other UEs served by the same TRP as well as the UEs served by the adjacent TRPs.

When a UE performs beam management, it will not only receive interference from other UEs associated with adjacent TRPs, but it will also generate specific interference patterns to other UEs associated with adjacent TRPs, depending on the configuration of BPL and duplexing. Therefore,both interference types should be taken into consideration when configuring BPL and duplexing. 
Here we take UL BM as an example but the same mechanism can be applied to DL BM as well. In UL BM, the UE needs to do beam sweep but with the existing CLI measurement reports, the size of the candidate beam set could be reduced since the UE already knows that some of the beams will cause significant interference. From the UE-to-UE interference measurement reports obtained from previous CLI management operation, the ‘bad’ SRS Tx beams causing major interference from the aggressor UE can be identified. When the aggressor UE conducts beam sweep in UL BM, it can explore the existing measurement reports obtained from UE-to-UE measurement and identify the ‘bad’ SRS Tx beams. Therefore, the network can configure the candidate SRS Tx beam set and eliminate those bad SRS Tx beams that will cause significant CLI from the set so that the size of the candidate SRS Tx beam set can be reduced. Therefore such information can be used to facilitate BM procedure so that there is reduced need to configure SRS and reporting when conducting BM for a UE. In this regard, there is a need to inform UE about the bad Tx directions so that these Tx directions can be muted for certain SRS resources. It can also be done in semi-persistent way such that a RRC reconfiguration signal can be sent to remove certain Tx direction(s). Hence, this approach also results in reduced SRS resources (i.e., less signalling overhead) and faster beam sweep.  Either approach chosen, there needs to be a way to tell the UE that a SRS Tx beam(s) is not needed.
Observation 2: Joint beam management and flexible duplexing may also allow to reduce signalling overhead when detecting and muting harmful beams.
Proposal 2: SRS and/or DMRS should be used for UE-to-UE interference measurement and reporting to facilitate the interference coordination mechanism by identifying the interfering Tx beam of the aggressor UE.
3 Specification Impact
To enable the above described method for interference mitigation via joint operation of beam management and flexible duplexing, some specification impact would be needed as illustrated in Figure 1. In fact, to support the cross-link interference mitigation based on the coordinated beamforming, specification works were already required for the RS of TRP/UE to measure the interference level from/to another TRP/UE and new signaling to exchange inter-cell interference coordination information. Similarly, historical record of which Tx/Rx beam indexes have tended to suffer from interference would help with CLI management [3]. Although Figure 1 depicts the two possible CLI cases when the transmission paths of the neighboring cells are different (namely UE-to-UE and TRP-to-TRP), we discuss here just the case of UE-to-UE CLI as it is the case that would indeed require specification impact. 
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In particular, the following exchange of messages between the involved TRPs and UEs would need to be carried out:
· The aggressor UE in coordination with its serving TRP (gNB1) selects a suitable transmit beam using standard beam management procedures. gNB1 is also in charge of configuring SRS accordingly to this selection.
· gNB1 forwards SRS configuration information of the selected beam to gNB2 via X2 interface (or OTA).

· gNB2 then configures ZP RS of the victim UE so that the UE can measure the CLI coming from the aggressor UE. 

· The victim UE measures CLI from the aggressor UE and reports those measurements to its serving base station, gNB2.
· gNB2 may or may not forward the information on the measured CLI to gNB1, depending on some interference criterion defined by the network. 
Proposal 3: In addition to the intended DL/UL transmission direction configuration, the transmission resources should be exchanged among TRPs via backhaul/OTA to enable cross-link interference mitigation.
Proposal 4: Further signalling and specification support are required to enable exchange of messages between TRPs and UEs that avoid interference by jointly performing beam management and flexible duplexing configuration. E.g., SRS and ZP RS need to be supported for CLI measurement and reporting.
4 Conclusions

In this contribution, we discuss an interference mitigation approach based on the joint coordination of beam management and flexible duplexing. We also study the specification impact that such a method would entail. Based on the analysis, the following observations and proposals are made:
Observation 1: Flexible duplexing introduces an additional degree of freedom to manage interference arising from beam management decisions.
Proposal 1: Cross-link interference measurements, reports, and management methods should be leveraged to identify highly interfering beams and use it as input for better beam management decisions.
Observation 2: Joint beam management and flexible duplexing may also allow to reduce signalling overhead when detecting and muting harmful beams.
Proposal 2: SRS and/or DMRS should be used for UE-to-UE interference measurement and reporting to facilitate the interference coordination mechanism by identifying the interfering Tx beam of the aggressor UE.
Proposal 3: In addition to the intended DL/UL transmission direction configuration, the transmission resources should be exchanged among TRPs via backhaul/OTA to enable cross-link interference mitigation.
Proposal 4: Further signalling and specification support are required to enable exchange of messages between TRPs and UEs that avoid interference by jointly performing beam management and flexible duplexing configuration. E.g., SRS and ZP RS need to be supported for CLI measurement and reporting.
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Figure 1. Illustration of specification impact
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