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1 Introduction
RAN #82 meetings approved following revised WID on CLI handling and RIM for NR [1]:
	The work item should specify cross-link interference mitigation techniques to support flexible resource adaptation. Furthermore, it also specifies remote-interference management techniques. 
The detailed objectives for cross-link interference mitigation to support flexible resource adaptation for unpaired NR cells are: 
· Specify cross-link interference measurements and reporting at a UE (e.g., CLI-RSSI and/or CLI-RSRP) [RAN1, RAN2, RAN4] 
· Specify network coordination mechanism(s) including at least exchange of intended DL/UL configuration [RAN1, RAN3]
· Perform coexistence study to identify conditions of coexistence among different operators in adjacent channels [RAN4]
· Target no or very minimal impact on RF requirement
Note: Measurement and coordination mechanisms should be applicable to IAB nodes. 


In retrospect, RAN1 #88bis achieved following agreement [2]:
	Agreements:
· NR supports that at least the following information is provided among gNBs via backhaul signaling for the purpose of e.g., cross-link interference mitigation: 
· Indication of intended DL/UL transmission direction configuration
· FFS details


In this contribution, we discuss the details on indication of intended DL/UL transmission direction configuration and share our views on other possible exchanged Xn/backhaul signaling.
2 Discussion
2.1 Details of “intended DL/UL configuration”
In NR, dynamic TDD can be applied to improve the user average packet throughput and to reduce packet delivery latency. In current spec, the transmission direction of temporal resource can be semi-statically indicated as “downlink”, “uplink” or “flexible” via high layer parameters TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated. The symbols/slots semi-statically indicated as downlink or uplink (semi-D/semi-U for short) cannot be overwritten to uplink/flexible or downlink/flexible by L1 signalling. For symbols/slots semi-statically indicated as flexible (semi-F for short), the transmission direction are further determined by scheduling DCI, dynamic SFI (if configured) and RRC configured transmission/reception. 
In theory, it is optimal to exchange all aforementioned slot configuration information in “intended DL/UL configuration” to provide explicit DL/UL configuration on each symbol/slot, even including SFI if possible. However, this inevitably introduces a heavy Xn/backhaul signalling overhead and gNBs may also be unable to timely process the L1 signalling. Hence, following several options are summarized for “intended DL/UL configuration”:
· Option 1: only semi-static DL/UL configuration, i.e., the DL/UL configuration indicated by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated;
· Option 2: semi-static DL/UL configuration and a planned transmission direction on semi-F symbols/slots;
· Option 3: a unified DL/UL configuration that does not differentiate semi-static DL/UL configuration and a planned transmission direction on semi-F symbols/slots.


Figure 1 Options for intended DL/UL configuration
Option 1 consumes less Xn/backhaul signalling overhead compared to other options. It is expected that at least semi-static DL/UL configuration are aligned among gNBs. For semi-F symbols/slots indicated by neighbouring gNBs, since the transmission direction could be dynamically varied, the gNB shall take conservative strategy to avoid potentially severe CLI, for example, restrict the transmission power of particular aggressor UEs or even exclude them out of scheduling. This would bring unnecessary scheduling restriction and performance loss when the actual DL/UL configurations of two neighbouring gNBs are aligned. 
Option 2 additionally indicates a planned transmission direction (either downlink or uplink) for semi-F symbols/slots on top of option 1. The gNB would follow this planed transmission direction but can change it if needed, which means the planned transmission direction may not always be the same as actual transmission. Once a gNB changes its planned transmission direction, it shall take certain mechanism unilaterally to mitigate CLI. The usefulness of this planned transmission direction depends on the network traffic status. If the traffic is rather statistically stationary, the planned transmission direction could be pre-determined based on predictable delivering/arriving and mostly be kept in actual transmission, which would reduce complexity for CLI management at gNB side.  Note that this option is useful for the semi-static DL/UL configuration with multiple semi-F symbols/slots.
Option 3 indicates a planned transmission direction on semi-F symbols/slot, but does not differentiate this planned direction and semi-static configured direction in Xn/backhaul signalling. Thus a specific gNB shall treat all symbols/slot as semi-D or semi-U in neighbouring gNBs. Considering the planned transmission direction may not always be the same as actual direction, it sometimes could misguide gNBs the non-existence of CLI and lead to unrestrained scheduling which would cause severe interference. As illustrated in figure 2, both gNB #1 and gNB #2 change their planned transmission direction. Once taking option 3, gNB #2 shall think no CLI exists on this slot as it treats the slot is semi-D in gNB #1.  In addition, if a gNB changes transmission direction from uplink to downlink, it could inevitably cause severe gNB-gNB interference. To handle with this case, a specific gNB may need to implement the interference mitigation on all semi-U symbols/slots indicated by neighbouring gNBs, which induces much unnecessary complexity.


Figure 2 An example for Option 3
According to the above discussion, the comparison is summarized in the following table.
Table 1 The comparison of three options
	
	Pros
	Cons

	Option 1
	· Less signalling overhead
	· On semi-F slots, conservative strategy taken by gNBs may cause performance loss and much complexity

	Option 2
	· More scheduling flexibility in terms of stationary network traffic
	· Additional signalling overhead

	Option 3
	· Less signalling overhead
· More scheduling flexibility in terms of stationary network traffic
	· Misguide gNBs the non-existence of CLI and may cause severe interference unintentionally
· Unnecessary complexity for interference mitigation at gNB.



Proposal 1: For symbols/slots indicated as flexible by high layer parameters TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated, a planned transmission direction should be included in “intended DL/UL configuration”.
The periodicity of “intended DL/UL configuration” can also be included in the Xn/backhaul signalling. It can be indicated via absolute time duration, for example in units of milliseconds. Meanwhile, each gNB can report its specific numerology, as gNB #1 and #2 shown in figure 3. Under such indication, each gNB clearly knows the number of symbols with potential conflicting direction.


Figure 3 Illustration of periodicity and gNB-specific numerology
Proposal 2: Periodicity and gNB-specific numerology could be considered to be included in “intended DL/UL configuration”.
2.2 Other Xn/backhaul signalling for CLI management
2.2.1 CLI measurement and report
It has been agreed to support UE-UE interference measurement and reporting for CLI management [3]. A victim UE shall measure CLI-RSSI and/or CLI-RSRP on dedicated RS and/or measurement resources configured for CLI management and reports the measurement results to its serving gNB. Naturally, the configuration of the dedicated RS and/or measurement resources for CLI management shall be exchanged among neighbour gNBs via Xn/backhaul signalling. The details on CLI measurements and configuration of the dedicated RS and/or measurement resources are discussed in our companion contribution [4].
Besides the configuration, once a gNB receive the CLI measurement results reported from the victim UEs, it is beneficial to share the measurement results among neighbouring gNBs. Based on the CLI measurement results, the aggressor gNBs can explicitly correlate the victim UEs with its own scheduled aggressor UEs to obtain a better knowledge on interference level of an UE-pair and then conduct coordinated scheduling.
Proposal 3: If SRS-RSRP based CLI management is supported, Xn/backhaul signalling could include the dedicated RS or measurement resources configuration to enable the CLI measurement among neighbouring gNBs. Also it needs to exchange CLI measurement results from the victim UEs among neighbouring gNBs.
2.2.2 “Protected zone” in frequency
In addition, we consider that, for each gNB within a neighbouring gNB group, a protected zone in frequency could be claimed for CLI management. The protected zone shall be prioritized/de-prioritized in scheduling when realizing potential CLI among neighbouring gNBs. As illustrated in figure 4, the carrier of gNB #2 is within the blue part and protected zone is marked with grid. When “intended DL/UL configuration” indicates the existence of CLI on specific symbols/slots, for instance, gNB #2 is downlink while gNB #1 is uplink, which means the uplink transmission of UE in gNB #1 may interfere the downlink reception of UE in gNB #2, the gNB #2 can schedule the victim UEs suffering heavy CLI inside the its protected zone while gNB #1 can schedule the aggressor UEs generating heavy CLI outside the protected zone of gNB #2. The bandwidth information of protected zone can be exchanged via Xn/backhaul signalling.


Figure 4 Illustration of “protected zone”
Proposal 4: Indicating gNB-specific protected zone in frequency could be studied for network-coordinated CLI management.
3 Conclusions	
In this contribution, we discussed the details of “intended DL/UL configuration” and other possible Xn/backhaul signaling. We propose the following: 
Proposal 1: For symbols/slots indicated as flexible by high layer parameters TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated, a planned transmission direction should be included in “intended DL/UL configuration”.
Proposal 2: Periodicity and gNB-specific numerology could be considered to be included in “intended DL/UL configuration”.
Proposal 3: If SRS-RSRP based CLI management is supported, Xn/backhaul signalling could include the dedicated RS or measurement resources configuration to enable the CLI measurement among neighbouring gNBs. Also it needs to exchange CLI measurement results from the victim UEs among neighbouring gNBs.
Proposal 4: Indicating gNB-specific protected zone in frequency could be studied for network-coordinated CLI management.
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