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1. Introduction

In RAN#75 [1], WI on NR access technology was approved:

	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 TR 38.802, enablers and potential specification impacts of each interference management technique are listed to handle cross-link interference for duplexing flexibility. This contribution discusses further details on beam coordination schemes for duplexing flexibility, particularly focusing on various specification impacts to mitigate and handle TRP-to-TRP cross-link interference. 
2. Discussion

2.1. Beam coordination for TRP-to-TRP cross-link interference
Beamforming technique can be considered as one possible solution for mitigating and managing cross-link interference for duplexing flexibility. For cross link interference among UEs, however, it could be challenging because the interference situation may change due to the mobility of UEs. In this contribution, therefore, we focus on the coordination between Tx beams and Rx beams for TRP-to-TRP cross-link interference. When clustering mechanism between Tx beams of aggressor TRPs and Rx beams of victim TRPs is considered, potential analog beamforming operation should be also taken into account. In this context, at least two aspects should be considered. First is how to determine “interfering cells”. Second is how to align between interfering cells. In case narrow beam operations are employed to both Tx and Rx, beam separation between two communication pairs will be possible. This implies that a cell A may or may not significantly interfere with cell B’s uplink operation depending on A’s TX beam and B’s RX beam. In that sense, instead of clustering interfering cells, clustering of “Tx/Rx beams” of multiple cells are necessary. The clustering can be defined as a set of “Tx/Rx pairs” which can interfere each other heavily. Coordination then would be beneficial within this Tx/Rx beam clustering. Figure 1 shows the basic concept of beam coordination for TRP-to-TRP cross link interference. 
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Figure 1. TRP-to-TRP CLI management using beam coordination
As shown in the Figure 1, Rx beam #2 of victim TRP and Tx beam #2 of aggressor TRP can be coupled as Tx/Rx beam cluster. Tx/Rx beam cluster can be formed based on the measurements at TRPs (e.g., victim TRP measures interfering Tx beam of aggressor TRP for each Rx beam and reports the measurements to aggressor TRP). Knowing Rx/Tx beam pairs which can interfere considerably, TRPs can mitigate and manage TRP-to-TRP cross-link interference for duplexing flexibility. For example, when aggressor TRP changes its DL/UL direction different from victim TRP or intended DL/UL configuration, as it knows that Tx beam #2 may interfere Rx beam #2 of victim which may or may not be used, it can schedule only non-interfering Tx beams such as Tx beam #1. 

The following subsection is related to the backhaul/OTA signaling to exchange information for beam coordination and beam level cross-link interference measurement for beam coordination. 
Proposal 1: NR should support the beam coordination scheme to mitigate the cross-link interference at lease for mitigating and managing TRP-to-TRP cross-link interference.
2.2. Backhaul/OTA signaling to exchange information for beam coordination 
In order to support beam coordination/clustering, information exchange among TRPs via backhaul/OTA signaling can be necessary. First of all, intended DL/UL transmission direction configuration along with beam information can be useful information to coordinate Tx/Rx beam of aggressor/victim TRPs. In detail, it can be considered to broadcast intended Tx (and/or Rx) beam directions to neighbor cells in a given time/frequency resource such that neighbor cells can manage its Tx/Rx beam directions to minimize inter-cell interference. Moreover, time and/or frequency and/or spatial resource which need to be protected from TRP-to-TRP cross-link interference can be also useful. Also, as mentioned above, especially, identifying the interfering beam information can be one possible candidate for backhaul signaling. For example, victim TRP can inform aggressor TRP of the analog beam set of the aggressor TRP which results in high interference when using a certain analog beam set by victim TRP, and then victim and aggressor TRPs may share the same resource usage for the analog beam set pair/clustering. Similarly, victim TRP can inform aggressor TRP of the analog beam set of the aggressor TRP which results in low interference, and then for the analog beam set pair more flexible resource utilization can be allowed. Then, aggressor TRP which intend to change transmission direction from UL to DL can restrict some Tx beam based on the beam information from victim TRPs. On the contrast, victim TRP also can restrict some Rx beam considering the potential interference from aggressor’s Tx beam. 

Furthermore, there were some existing ICIC signaling (e.g., IOI (interference overload indication), HII (high interference indication), and RNTP (relative narrowband transmit power)) over X2 interface [3] for complaining the high interference situation or indicating the high interfering RBs in LTE-(A). In NR, some enhancements of the existing ICIC signaling can be considered by combining with beam domain because the interference between TRPs is closely related with Tx/Rx beam index. Therefore, existing complaining and indicating signaling are specified with beam level with slight enhancements of existing ICIC signaling. For example, RNTP can be enhanced by indicating Tx beam specific frequency resource (RBs) that will be using high Tx power for DL with interfering Tx beam index during the next duplexing flexibility period. This signaling can be called as Tx beam specific relative narrowband transmit power (TB-RNTP). Furthermore, IOI also can be enhanced by indicating Rx beam specific frequency resources (RBs) that have experienced most interference from aggressor TRPs at victim TRP during the duplexing flexibility period. This signaling also can be called as Rx beam specific interference overload indication (RB-IOI).
Proposal 2: For backhaul/OTA, at least the followings are considered. 

· A set of aggressor’s Tx beams which has high interference levels. 

· A set of aggressor’s Tx beams which has low interference levels

· Tx/Rx beam specific intended DL/UL transmission direction configuration 

· Tx beam specific relative narrowband transmit power (TB-RNTP)
· Rx beam specific interference overload indication (RB-IOI)
· Time/frequency/spatial resource which needs to be protected from cross-link interference
For beam coordination, the measurement to identify potential interfering Rx/Tx beam pairs is very essential, and further study on the measurement as well as coordination mechanisms are necessary. One possible approach is to utilize TRP’s measurement on each other’s Tx beams with possibly Rx beam cycling. Also, some assistance from UEs should be further considered. 
3. Conclusions

In this contribution, we discussed aspects of potential cross-link interference mitigation techniques for NR design. Based on the above discussions, our proposals are given as follows:

Proposal 1: NR should support the beam coordination scheme to mitigate the cross-link interference at lease for mitigating and managing TRP-to-TRP cross-link interference.
Proposal 2: For backhaul/OTA, at least the followings are considered. 

· A set of aggressor’s Tx beams which has high interference levels. 

· A set of aggressor’s Tx beams which has low interference levels

· Tx/Rx beam specific intended DL/UL transmission direction configuration 

· Tx beam specific relative narrowband transmit power (TB-RNTP)
· Rx beam specific interference overload indication (RB-IOI)
· Time/frequency/spatial resource which needs to be protected from cross-link interference
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