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1
Introduction
Interference coordination has been agreed by RAN3 as an Xn interface function to manage inter-cell interference [1]. In this contribution, we further elaborate on the NR semi-static and dynamic inter-cell interference coordination (ICIC) procedures focusing on the required Xn support. We start by first identifying which of the procedures known from LTE we recommend to inherit for NR, followed by discussion on additional directions for NR ICIC that require explicit Xn support. 
2
Inter-cell interference coordination for NR 
2.1
LTE ICIC mechanisms relevant to NR

Various ICIC procedures have been included in the different LTE releases, starting from the simple Rel-8 ICIC schemes (e.g. RNTP and OI). Despite the simplicity of the Rel-8 ICIC mechanisms, they offer a basic framework for interference management, which (among others) is useful for uplink power control parameter tuning.
Secondly, the Rel-10 eICIC and Rel-11 feICIC schemes were introduced, followed by the latest eCoMP feature with dynamic PRB domain (i.e. frequency) muting. In principle, it would be desirable to have those mechanisms supported also for the NR, although those would of course need to be adapted to the NR design (e.g. to be compliant with NR’s flexible frame structure and terminology that is different from LTE). In particular, the basic Rel-8 ICIC mechanisms and eCoMP ICIC features are of importance. The eICIC/feICIC mechanisms could initially be given slightly lower priority for the NR, assuming that first NR rollouts will likely not be HetNet co-channel deployments with Macro and small cells on the same carrier. However, the feICIC mechanism could be useful for periodic URLLC traffic, using periodical ABS patterns to protect such sensitive traffic.
Observation 1: LTE Rel-8 ICIC and LTE eCoMP mechanisms are relevant also for NR, but would need to be adapted to NR design (e.g. to be compliant with NR’s flexible frame structure and terminology that is different from LTE).
Also in the line of interference mitigation features, the NR will come with advancd interference suppression and/or cancellation UE receivers, which may require Xn-based network coordination assistance, as also known from LTE NAICS. Hence, it should be verified by RAN1 if the NR will support similar NAICS scheme as for LTE (i.e. symbol-level interference cancellation), and whether same kind of Xn procedures are needed. Hence, leading to the following:
Observation 2: It should be checked by RAN1 if similar procedures as defined for LTE NAICS X2, shall also be supported for the NR Xn..
2.2
New ICIC mechanisms for NR

In addition to adopting known ICIC procedures from LTE, the NR calls for a new set of ICIC procedures in order to have a high performance system, fully exploiting the opportunities that comes with the NR design. This is in line with the RAN1 agreement that “NR supports both semi-static and dynamic network coordination schemes” [2]. In the following we list the additional Xn ICIC procedures that we consider the most relevant for the NR as have also been discussed in RAN1.
The PHY/MAC layer of the NR will support a new flexible frame structure that allows operation with highly dynamic TDD, where the gNBs switch between downlink and uplink transmission direction on a fast basis. If the gNB operates independently with uncoordinated TDD switching patterns, this will obviously create cross-link interference. The cross-link interference is in particular found to be a problem for macro-cellular scenarios with high power gNBs and low power UEs. It is therefore of importance to have Xn signaling procedures defined for coordinated TDD operation, facilitating mechanisms to control the extent of the experienced cross-layer interference and/or means to suppress such interference.  
Observation 3: For TDD mode, Xn support may be needed for inter-cell coordination of the downlink/uplink switching pattern as a means to control, or combat, potential cross-link interference. 

Efficient support of URLLC is another important objective for the NR. One of the “enemies” of URLLC is obviously interference as it tends to jeopardize the ultra reliability (UR) target, potentially causing additional HARQ retransmissions that results in violation of the low latency communication (LLC) target. It has therefore been found that agile on-demand inter-cell coordinated muting and power boosting mechanisms are need for protecting URLLC transmissions in the NR [3]. Such mechanisms are needed for both protecting the physical-layer data channel transmissions and the corresponding physical-layer control channel (NR-PDCCH) transmission carrying the corresponding scheduling grant/assignement. 
Observation 4: Xn support may be needed for agile on-demand inter-cell coordination muting and power boosting for protecting vulnerable URLLC transmissions, both for protecting the physical-layer data channel transmissions and the corresponding physical-layer control channel.

Furthermore, it has been found that the NR performance can be further boosted by also imposing inter-cell coordination of the maximum allowed transmission Rank between gNBs [4]. This is found to be particularly useful for the downlink performance, where the performance of UE receivers suchs as MMSE-IRC and NAICS depends heavily on the Rank and modulation order of the desired and interfering signals. Also network coordination of other transmission parameters such as the modulation scheme is found in [5] to be beneficial for cases with advanced UE receivers.  

Observation 5: Xn support may be needed for inter-cell coordination of the maximum allowed downlink transmission Rank for the physical-layer data channels. May also include coordination of modulation scheme order.
Finally, coordinated beamforming is another promising feature (as per RAN1 agreement in [2]) that requires supporting Xn signaling, see high-level principles in [6]. 

Observation 6: Xn support may be needed for inter-cell coordinated beamforming.
2.3
Xn interface procedures

To support the relevant LTE interference coordination mechanisms also for NR, as well as support potentially new interference coordination mechanisms, the following generic procedures should be introduced:

-
Measurement Reporting Initiation: to request the reporting of measurements from another gNB.

-
Measurement Reporting: to provide the result of measurements admitted by the gNB following a successful Measurement Reporting Initiation procedure.

-
Coordination Information: to provide interference coordination information to another gNB.

Proposal 1: To support interference coordination over the Xn interface, the following Xn procedures should be introduced: Measurement Reporting Initiation, Measurement Reporting, and Coordination Information.
The details of the procedures (e.g. the type of measurements and coordination information needed to be exchanged between gNBs) requires input from RAN1. The inter-gNB interference coordination over Xn should be described in a new section of the RAN3 TR.
Proposal 2: Add a new subsection to TR 38.801 to capture inter-gNB interference coordination over Xn.

3
Conclusion
In summary, the following proposals are put forward:

Proposal 1: To support interference coordination over the Xn interface, the following Xn procedures should be introduced: Measurement Reporting Initiation, Measurement Reporting, and Coordination Information.

Proposal 2: Add a new subsection to TR 38.801 to capture inter-gNB interference coordination over Xn.

Based on the above, a text proposal for TR 38.801 is provided in [7].
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