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1 Introduction
The work item description (WID) for NR [1] indicates that NR should specify the following.

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 share our view on studies done during the SI and try to identify opportunities for improvement that can ensure better progress during the work item. Moreover, we provide a high level overview of the cross-link interference mitigation (CLIM) schemes proposed during the SI with the intention of establishing a general design principle and selection criteria to meet the objective of the WI.
2 Discussions
During the NR SI many CLIM schemes were proposed covering a variety of solutions from implementation based to fully coordinated networks requiring specification over-the-air (OTA) as well as backhaul links.  In the majority of the studies, the presence of the cross-link interference was assumed to be enough for detrimental impact on the system performance irrespective of its power strength or the deployed scenario. Due to the lack of comprehensive system level evaluations for different system loads and various deployed scenarios for most of the proposed schemes, the study could not be considered mature enough to be concluded. However, the proposed schemes were summarized in different categories with corresponding enablers and specification implications in section 10.1 of the TR [2]. Moreover, the available system level simulation results were summarized in section 10.1 of the TR[2] both in detail as well as at a high level to indicate whether a proposed CLIM scheme provides gain at different load points as well deployment scenarios. These summaries captured in the TR [2] clearly indicate cases that require more investigations for consideration. 

Observation:
· Sufficient information on the protocol of a proposed cross-link interference mitigation scheme, its impact on the system performance operating at different loads and in different deployment scenarios is essential for a proper design of a cross-link interference mitigation scheme in NR.
 In the following, we provide some high level views on the discussed CLIM schemes during the SI:
· Need for design criteria: In general, there have been so many different schemes proposed and studied so that it is extremely difficult to have common understanding on the benefits and potential complexity of those proposed schemes. Therefore, we need a common basis to design enablers and to select from existing proposals. 
· Performance gain vs complexity tradeoff: Many complex schemes have been introduced requiring huge network information sharing between cells or acquisition of channel status such as exchanging the scheduling decisions or traffic status. This requires a high degree of signaling and measurement overhead and carries a potential risk of estimation errors. 

· Cross-link interference is not always detrimental: Some of the proposed CLIM schemes are not specific to mitigation of cross-link interference. They are applicable in FDD or static TDD scenarios for classical interference management for interference emanating from transmissions in the same direction. Therefore, it is still unclear that proposed schemes are specifically needed because of the presence of cross-link interference and whether they provide any gains that are worthwhile considering the increase in complexity. 

In the following, we discuss the properties of the various CLIM schemes that have been considered. Cross-link interference mitigation arises due to transmissions in different directions by nodes in the network on the same carrier frequency. Mitigation schemes for such cross-link interference can be broadly classified as follows.

· Interference avoidance schemes

· Switching between dynamic and semi-static TDD
· Sensing

· Power control

· Coordinated scheduling or beamforming

· Interference management, suppression or cancellation schemes

· Interference rejection

· Interference cancellation

· Interference management 

· Link adaptation
Enablers for interference mitigation schemes that have been considered in the context of the above schemes are listed below at a high level.

· Inter-node coordination via signaling (e.g., scheduling information, TDD configurations, timing)
· Backhaul

· OTA

· Radio measurements (e.g., interference properties including level, covariance etc.)
· Energy

· Reference signals (with specific properties, e.g., symmetric RS between DL and UL)
In general, any particular interference mitigation scheme could use one or more enablers. The work item description for NR indicates that enablers for cross-link interference mitigation can be specified which from the point of view of specification impact fall into one of the above categories. In the following, we provide a broad classification of how these classes of enablers are used for different classes of interference mitigation schemes.
· Schemes with only inter-node signaling

· Switching between dynamic and semi-static TDD aided by inter-node signaling

· Coordinated beamforming/scheduling aided by inter-node signaling

· Interference suppression or cancellation aided by inter-node signaling

· Power control aided by inter-node signaling

· Schemes with only radio measurements 

· Sensing:  Measurements at the transmitter prior to transmission
· Interference suppression/cancellation/management: Schemes that don’t need measurements that don’t need any additional information via backhaul or OTA signaling, e.g., measurements by an gNB on an another gNB’s reference signals
· Link adaptation based aided by radio measurements

· Power control aided by radio measurements
· Schemes with radio measurements and with inter-node signaling
· Coordinated beamforming/scheduling aided by radio measurements

· Interference suppression or cancellation aided by inter-node signaling
· Link adaptation aided by radio measurements and inter-node signaling

· Power control aided by radio measurements and inter-node signaling
In the following, we discuss some aspects that need to be considered for the types of enablers listed above and how they are used in any particular interference mitigation scheme. Considering inter-node coordination via signaling, it is important to consider the vehicle by which the signaling is carrier. Signaling over the backhaul typically has backhaul delay and processing delay in upper layers for information exchange. These delays can vary anywhere from a couple of milliseconds to many tens of milliseconds. Clearly, the delay in this signaling will have a significant impact on the system performance when the system operates with a mitigation scheme employing backhaul signaling as an enabler. Considering that the primary gain from dynamic TDD comes from reducing the latency in being able to deliver packets (assuming that more statistical measures of load vary slowly enough that semi-static reconfiguration of DL-UL ratios is sufficient to address them), there is a clear risk that backhaul delays in coordination will defeat the purpose of operating dynamic TDD in the first place. This can very easily result in a net loss in system performance instead of a net gain. Such factors need to studied further before specifying any backhaul signaling enablers motivated by a particular interference management scheme.

Observation: 

· Backhaul signaling delays incurred for inter-node coordination can have a significant impact on system performance.  
Inter-node coordination via OTA signaling could potentially have lower delay depending on the particulars of the signaling scheme. However, a critical aspect that must be considered for OTA signaling is the amount of overhead incurred for such signaling as well as the interference caused by such signaling to other nodes in the network which can have detrimental effects on system performance. Another aspect to consider is the coverage of such signaling and whether all the intended receivers of the signaling are able to receive the signaling. Furthermore, if such OTA signaling involves multiple switches between transmission and reception within a slot, these switches can also incur overhead due to transceiver hardware limitations. In certain cases, such overhead can add up to a significant fraction of the slot time. The effect of these aspects on system performance must be considered carefully before considering the specification of OTA signaling as an enabler.
Observation: 

· OTA signaling causes increased overhead and interference and may not have sufficient coverage.
Some schemes use radio measurements such as measurements of received energy prior to transmission with the node foregoing transmission if any energy above a threshold is detected (Listen-before-talk or LBT). Such schemes can lead to a potential loss in spatial reuse and performance can be significantly affected depending on load or geometry. Typically, in a well planned network, such loss in performance can be avoided and sensing is not an attractive scheme in such deployments. However, it could be considered in unplanned deployments with uncontrolled interference such as in unlicensed bands. It should be noted that the study item on unlicensed bands will consider such schemes and unlicensed band operation is not within the scope of NR in Rel-15 (although forward compatibility is). 

Observation: 

· LBT schemes based on radio measurements can cause performance degradation due to loss of spatial reuse in well planned networks. 
· LBT schemes based on radio measurements can be considered in environments with uncontrolled interference such as in unlicensed bands which are out of scope of NR in Rel-15.
Radio measurements, both based on simple energy measurements or based on measurements using reference signals may be used for many other coordination schemes as listed above. For these schemes enabled by such measurements, an important aspect to consider is the overhead incurred due to the reference signals enabling such measurements. If these reference signals are new signals introduced purely for the purpose of cross-link interference mitigation, then this extra overhead must be taken into consideration carefully and its impact on system performance evaluated. It is highly preferable for any such measurements to be performed on existing signals that anyway are needed in the fundamental design of NR, e.g., DM-RS or CSI-RS. Furthermore, reporting overhead must also be considered since this depends on the frequency with which reports must be received for interference mitigation schemes to be effective.
Observation:

· Overhead caused by reference signals must be considered. It is preferable for any measurements enabling cross-link interference mitigation to be based on existing signals. Overhead for reporting measurements must also be considered if they take resources over-the-air.
Finally, the performance of any schemes such as interference cancellation or suppression that rely on measurements of various statistical parameters of the interference depend heavily on the quality of these measurements. Impairments in these measurements that occur due to practical limitations and their impact on the efficacy of these schemes and on system performance must be carefully considered. For instance, if the interference changes very dynamically, it may be difficult to estimate longer term statistical parameters of the interference which can significantly degrade the effectiveness of the interference suppression or cancellation scheme.
Observation:

· The effect of impairments in measurements and complexity limitations on system performance must be taken into account before considering enablers for interference suppression or cancellation.

Based on the above discussion, we find that most of the interference mitigation schemes that have been discussed have important factors that need to be considered in determining whether the scheme can provide any net gains or loss. Furthermore, none of the schemes considered during the study item have been evaluated in the presence of adjacent channel interference, especially interference from co-located or close by nodes. Therefore, there is a significant risk that any specified enabler would simply add overhead without being useful in practice. It is imperative that such inefficiencies are not introduced into NR. Based on this we propose the following.
Proposal: 
· The impact of factors such as measurement overhead, estimation errors, signaling delays and complexity on system performance must be further evaluated during the work item before considering specification of any enablers for cross-link interference mitigation.

3 Conclusions

We discussed the cross-link interference mitigation schemes that have been discussed thus far, provided an overview and a classification of such schemes and the enablers necessary for these schemes. The discussion led to the following observations and proposals.
Observation:
· Sufficient information on the protocol of a proposed cross-link interference mitigation scheme, its impact on the system performance operating at different loads and in different deployment scenarios is essential for a proper design of a cross-link interference mitigation scheme in NR.
· Backhaul signaling delays incurred for inter-node coordination can have a significant impact on system performance.  
· OTA signaling causes increased overhead and interference and may not have sufficient coverage.

· LBT schemes based on radio measurements can cause performance degradation due to loss of spatial reuse in well planned networks. 
· LBT schemes based on radio measurements can be considered in environments with uncontrolled interference such as in unlicensed bands which are out of scope of NR in Rel-15.
· Overhead caused by reference signals must be considered. It is preferable for any measurements enabling cross-link interference mitigation to be based on existing signals. Overhead for reporting measurements must also be considered if they take resources over-the-air.
· The effect of impairments in measurements and complexity limitations on system performance must be taken into account before considering enablers for interference suppression or cancellation.

Proposal: 
· The impact of factors such as measurement overhead, estimation errors, signaling delays and complexity on system performance must be further evaluated during the work item before considering specification of any enablers for cross-link interference mitigation.
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