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In 3GPP TSG RAN1 # 112 meeting, several issues related to gNB-to-gNB CLI mitigation, UE-to-UE CLI mitigation, and spatial domain coordination were agreed [2]. In this contribution, we provide our views on the remaining issues concerning gNB-to-gNB CLI measurement, coordinated scheduling for time/frequency resources, and spatial domain coordination. 
gNB-to-gNB co-channel CLI measurement
In RAN1#112 meeting, an agreement was made related gNB to gNB co-channel CLI measurement as given below [3]. 
	Agreement
For the study of gNB-to-gNB co-channel interference measurement, it is assumed that both CD-SSB and NCD-SSB can be used for gNB-to-gNB CLI measurement.




During RAN1#112bis-e meeting, regarding the discussion about how to use CD-SSB or NCD-SSB to perform gNB-to-gNB CLI measurement, no consensus was reached. Since, CD-SSB/NCD-SSB of the current specification are defined from a UE perspective and may not be applicable for gNB-to-gNB CLI measurement. Therefore, an indirect method should be used instead.  In addition, since the victim gNB performs the CLI measurement, it may be necessary for it to know the aggressor gNB to ensure accurate measurements. One simple solution is for the aggressor gNB to exchange information on downlink-muted resources with the victim gNB, which were also proposed by FL summary [5] during RAN1#112bis-e meeting, but not agreed upon as given below. 
	Proposal: 
For gNB-to-gNB co-channel CLI measurement and/or channel measurement, at least periodic NZP CSI-RS/SSB is the baseline. Both CD-SSB and NCD-SSB can be used.
It is assumed that exchange of configuration for NZP CSI-RS/SSB can be an enabler for gNB-to-gNB co-channel CLI measurement and/or channel measurement.




In our view, the exchange of configuration for NZP CSI-RS/SSB can be one enabler for gNB to gNB co-channel CLI measurement. However, this exchange of configuration may only help to identify the aggressor gNB. Furthermore, in case of multiple aggressor gNBs with different muted resources, it might be challenging for the victim gNB to identify the aggressor gNBs. 
Observation 1: NZP CSI-RS/SSB are UE specific and may not be directly applicable to measure the gNB-to-gNB co-channel CLI.
Observation 2: Exchanging configuration for NZP CSI-RS/SSB can enable the victim gNB to identify the aggressor gNB for gNB-to-gNB CLI measurement. However, in cases where there are multiple aggressor gNBs with different muted resources, it may be challenging for the victim gNB to identify them accurately. 
Proposal 1: The procedure of gNB-to-gNB co-channel CLI measurement based on NZP/CSI-RS and SBB can be further studied. 
Coordinated Scheduling for time/frequency resources between gNBs
The discussion of coordinated scheduling for time/frequency resources between gNBs began in the RAN1#110bis-e meeting [1], and the details of coordinated scheduling, such as the relevant information exchange that can assist coordinated scheduling, were discussed in the RAN1#112 meeting. Furthermore, several other issues related to the exchange of SBFD time/frequency configuration among gNBs and potential solutions for DL resource blanking/restriction at the aggressor gNBs were discussed [5]. However, no agreement was reached during RAN1#112bis-e meeting regarding coordinated scheduling. In this section, we provide our views on the discussed and remaining issues of coordinated scheduling for time/frequency resources between gNBs. 
Observations 3: For coordinated scheduling of time frequency resources between the gNBs, it may necessary to consider the relevant information exchange between the aggressor and victim gNBs. 
Scenarios for coordinated scheduling 
The requirements of coordinated scheduling, such as information exchange and scheduling adaptation solutions, can change according to the implementation scenarios in which coordinated scheduling is performed. For this purpose, it is necessary to consider all possible scenarios in which coordinated scheduling can be performed. During the RAN1#112bis-e meeting, three basic scenarios were listed by the FL summary [5] as given below.
1) TDD cell – TDD cell
2) SBFD cell – TDD cell
3) SBFD cell – SBFD cell

Observation 4: The following scenarios in which coordinated scheduling might occur should be considered. 
· TDD cell – TDD cell
· SBFD cell – TDD cell
· SBFD cell – SBFD cell
Relevant information exchange during SBFD operation 
The basic requirements of coordinated scheduling for time/frequency resources among gNBs are, to exchange the relevant information between the gNB (such as the time frequency location of SBFD symbols, the time location of dynamic TDD symbols) in order to let the gNB to perform scheduling adaptation and reduce the co-channel CLI.  In 3GPP RAN1#112 meeting [3], an agreement related to relevant information exchange with focus on SBFD related information exchange was agreed as given below. 
	Agreement
Study the benefit of knowledge among gNBs of configurations such as
· SBFD time/frequency configuration


During the RAN1#112bis-e meeting, proposals were discussed to exchange SBFD time-frequency configuration information among gNBs, but no agreement was reached on the relevant information exchange for SBFD operation. However, we believe that exchanging SBFD time/frequency configuration information can help gNBs adapt their scheduling in the time and frequency domains to mitigate gNB-to-gNB CLI. Prior knowledge of the SBFD time/frequency configuration among gNBs may also aid in adapting the DL and UL subbands, such as the subband pattern, RBs assigned to DL and UL subbands, and SBFD slots/symbols. As a result, this adaptation will enable neighboring gNBs to avoid or reduce the effects of gNB-to-gNB co-channel CLI. In addition, apart from the SBFD time/frequency configuration, the DL/UL subbands pattern such as DUD, DU or UD can also be considered for exchange among gNBs. 
Observation 5: The knowledge among gNBs about the SBFD time/frequency configuration may assist the gNBs to perform scheduling adaptation and mitigate the gNB-to-gNB co-channel CLI. 
Observation 6: In addition to the SBFD time/frequency configuration, the exchanging of DL/UL subbands pattern may assist the gNBs for CLI mitigation. 
Proposal 2: To assist in mitigating gNB-to-gNB CLI during SBFD operation, consider exchanging the subbands pattern among gNBs. 
Relevant information exchange during SBFD and dynamic TDD operation 
In some scenarios, the neighbor gNBs may not perform the SBFD operation during the same time slots, therefore the coordinated scheduling and its information exchange may consider the SBFD operation and dynamic TDD operation in neighbor cells as mentioned in section 3.1. In addition, the relevant information exchange may be different from one scenario to another scenario according to the implementation of SBFD operations and dynamic TDD operation. For instance, if both the aggressor and victim gNBs perform dynamic TDD operation at the same time slots, they may need to exchange the dynamic TDD slots format only. On the other hand, if the aggressor gNB performs dynamic TDD operation and the victim gNB performs SBFD operation at the same time slots, they may need to exchange the dynamic TDD slots format, the SBFD time/frequency configuration, and the subbands pattern. 
Observation 7: An aggressor gNB performing dynamic TDD operation may exchange slot format with its victim gNBs, and an aggressor gNB performing SBFD operation may exchange SBFD slot format as well as the starting and numbers of RBs assigned for each DL and UL sub-bands. 
Proposal 3: During the simultaneous existence of SBFD and dynamic TDD operations among gNBs, consider at-least the following information exchange among gNBs: 
· TDD UL-DL configuration
· SBFD time/frequency configuration 
· SBFD Subbands pattern 

3.2.1 Scheduling Adaptation for simultaneous SBFD and dynamic TDD operations
Based on the information exchange between the aggressor and victim gNBs, the gNBs can perform scheduling adaptation to reduce or avoid the gNB-to-gNB and UE-to-UE CLI. For instance, an aggressor gNB which performs dynamic TDD operation can mute those RBs which corresponds to the RBs of the opposite direction sub-band at a victim gNB, to mitigate the co-channel gNB-to-gNB and UE-to-UE CLI as shown in Figure 1. Furthermore, the gNB, which performs SBFD operation, can assign more sub-bands resources to the same transmission direction of the gNB, which performs dynamic TDD operation, in order to minimize the number of muting RBs at the aggressor gNB.  


Figure 1 Scheduling adaptation of dynamic TDD (DL) at gNB1 and SBFD operation at gNB2 
In addition, the coordinated scheduling for time frequency resources shall not be restricted to muting or blanking the DL and UL resources only. Several other coordinated scheduling based solutions can be adopted to mitigate CLI. For instance, the time window based solutions can be used by the neighbor gNBs  to reduce the effect of CLI as shown in Figure 2, where the aggressor and victim gNBs can assign a time domain windows of X slots/symbols to the dynamic TDD operation and SBFD operation respectively.  


Figure 2 Scheduling adaptation of same direction dynamic TDD (DL) and SBFD operation at gNB1 and gNB2

Observation 8: In coordinated scheduling for time frequency resources between gNBs, muting the DL RBs or blanking the UL RBs can reduce the effect of gNB to gNB co-channel CLI. 
Observation 9: In simultaneous implementation of dynamic TDD and SBFD, operation at a gNB and its neighbor gNB the following scheduling adaptation, techniques can reduce or avoid the gNB to gNB co-channel CLI. 
· Each gNB can assign a time window to the dynamic TDD operation and a time window to the SBFD operation. 
· Allocating the same numbers of slots or symbols in the time windows assigned to the dynamic TDD or SBFD operation across the neighbor gNBs. 

Proposal 4: For coordinated scheduling of time frequency resources between gNBs for gNB to gNB co-channel CLI handling, consider at least the following. 
· RB based UL and DL Resource muting to support CLI mitigation in dynamic TDD and SBFD operation. 
· Time domain window based solution to handle CLI in both dynamic TDD and SBFD operation. 

Spatial Domain coordination
In RAN1#112 meeting, the following agreements reached regarding the spatial domain coordination [2].
	Agreement
For spatial domain enhancement of gNB-to-gNB co-channel CLI handling, DL Tx beam information of the gNB can be exchanged between gNBs. Reference signal resource ID (e.g., NZP-CSI-RS resource ID, SSB index) can be used as beam information exchange between gNBs.
Agreement
For spatial domain enhancement of gNB-to-gNB CLI handling, study the benefit and the procedure of the information exchange of at least the preferred/non-preferred DL beams of the aggressor gNBs, based on the beam information exchanged between gNBs



During the RAN1#112bis-e meeting, proposals were discussed regarding the exchange of preferred/non-preferred DL beams of an aggressor gNB from the victim gNB to the aggressor gNB, but no agreement was reached. We believe that exchanging the preferred/non-preferred DL beams of the aggressor gNB among the gNBs can enhance spatial domain and facilitate gNB-to-gNB CLI mitigation. Since the aggressor gNB creates the interference, some knowledge of the victim gNB's preferred/non-preferred UL beam may also be necessary to consider. The victim gNB may share its assigned preferred UL beam for UL UE, allowing the aggressor gNB to adjust its DL Tx beam for gNB-to-gNB CLI mitigation. Additionally, in addition to the DL Tx beam information based on the RS resource ID (e.g., NZP-CSI-RS resource ID, SSB index), the beam ID and TCI state may also provide necessary information about the beams used by neighbor gNBs for DL or UL transmission. 
Observation 10: Consider the victim gNB's preferred/non-preferred UL beam to mitigate gNB-to-gNB CLI. 
Observation 11: Sharing the victim gNB's assigned preferred UL beam for UL UE can help the aggressor gNB adjust its DL Tx beam due to its interference. 
Proposal 5: Consider the information exchange of the preferred/restricted DL and UL beams of the aggressor and victim gNBs with each other, based on the beam ID and TCI state. 
Methods of Inter-gNB Information Exchange 
The exchange of information among gNBs, including dynamic TDD configuration, SBFD configuration, spatial domain coordination related information, and DL/UL muted resources, are key enablers for reducing interference. This exchange can occur via backhaul or OTA signaling, but in dense deployment scenarios with multiple gNBs performing dynamic TDD and SBFD operations, it can lead to increased backhaul or OTA signaling. In such cases, exchanging assistance information for CLI mitigation in a legacy manner - with each gNB exchanging information with every other gNB in a cluster or group - can also increase signaling flow as shown in figure 3. In order to reduce backhaul or OTA signaling among gNBs, information can be exchange via Master/Slave gNB model for CLI mitigation. In this model, a cluster or group of neighbor gNBs may comprise a master gNB and two or more slave gNBs. The slave’s gNBs exchange information with the master gNBs, who tabulates the assistance information to share with the entire group. This approach reduces repetitive information exchange and minimizes backhaul or OTA signaling as shown in figure 4. 



Figure 3 Legacy way of Information exchange for CLI mitigation 



Figure 4 Master/Slave model for assistance information exchange for CLI mitigation

Observation 12: The exchange of information among gNBs to facilitate CLI mitigation in dynamic TDD and SBFD operation can increase backhaul or OTA signaling among gNBs, especially in dense deployment scenarios. 
Observation 13: Information exchange among gNB through a master-slave gNB  model reduces the backhaul or OTA signaling significantly as compared to the information exchange through legacy way. 
Proposal 6: Study master slave gNB model for the assistance information exchange among gNB to reduce the backhaul or OTA signaling among gNB.   


Conclusion
In this contribution, we have discussed gNB-to-gNB CLI measurement, coordinated scheduling for time/frequency resources, relevant information exchange during SBFD operation and simultaneous dynamic TDD and SBFD operation, and spatial domain coordination. Based on our discussion, we have made the following observations and proposals.
Observation 1: NZP CSI-RS/SSB are UE specific and may not be directly applicable to measure the gNB-to-gNB co-channel CLI.
Observation 2: Exchanging configuration for NZP CSI-RS/SSB can enable the victim gNB to identify the aggressor gNB for gNB-to-gNB CLI measurement. However, in cases where there are multiple aggressor gNBs with different muted resources, it may be challenging for the victim gNB to identify them accurately. 
Observations 3: For coordinated scheduling of time frequency resources between the gNBs, it may necessary to consider the relevant information exchange between the aggressor and victim gNBs. 
Observation 4: The following scenarios in which coordinated scheduling might occur should be considered. 
· TDD cell – TDD cell
· SBFD cell – TDD cell
· SBFD cell – SBFD cell

Observation 5: The knowledge among gNBs about the SBFD time/frequency configuration may assist the gNBs to perform scheduling adaptation and mitigate the gNB-to-gNB co-channel CLI. 
Observation 6: In addition to the SBFD time/frequency configuration, the exchanging of DL/UL subbands pattern may assist the gNBs for CLI mitigation. 
Observation 7: An aggressor gNB performing dynamic TDD operation may exchange slot format with its victim gNBs, and an aggressor gNB performing SBFD operation may exchange SBFD slot format as well as the starting and numbers of RBs assigned for each DL and UL sub-bands. 
Observation 8: In coordinated scheduling for time frequency resources between gNBs, muting the DL RBs or blanking the UL RBs can reduce the effect of gNB to gNB co-channel CLI. 
Observation 9: In simultaneous implementation of dynamic TDD and SBFD, operation at a gNB and its neighbor gNB the following scheduling adaptation, techniques can reduce or avoid the gNB to gNB co-channel CLI. 
· Each gNB can assign a time window to the dynamic TDD operation and a time window to the SBFD operation. 
· Allocating the same numbers of slots or symbols in the time windows assigned to the dynamic TDD or SBFD operation across the neighbor gNBs. 
Observation 10: Consider the victim gNB's preferred/non-preferred UL beam to mitigate gNB-to-gNB CLI. 
Observation 11: Sharing the victim gNB's assigned preferred UL beam for UL UE can help the aggressor gNB adjust its DL Tx beam due to its interference. 
Observation 12: The exchange of information among gNBs to facilitate CLI mitigation in dynamic TDD and SBFD operation can increase backhaul or OTA signaling among gNBs, especially in dense deployment scenarios. 
Observation 13: Information exchange among gNB through a master-slave gNB  model reduces the backhaul or OTA signaling significantly as compared to the information exchange through legacy way. 

Proposal 1: The procedure of gNB-to-gNB co-channel CLI measurement based on NZP/CSI-RS and SBB can be further studied. 
Proposal 2: To assist in mitigating gNB-to-gNB CLI during SBFD operation, consider exchanging the subbands pattern among gNBs. 
Proposal 3: During the simultaneous existence of SBFD and dynamic TDD operations among gNBs, consider at-least the following information exchange among gNBs: 
· TDD UL-DL configuration
· SBFD time/frequency configuration 
· SBFD Subbands pattern 


Proposal 4: For coordinated scheduling of time frequency resources between gNBs for gNB to gNB co-channel CLI handling, consider at least the following. 
· RB based UL and DL Resource muting to support CLI mitigation in dynamic TDD and SBFD operation. 
· Time domain window based solution to handle CLI in both dynamic TDD and SBFD operation. 

Proposal 5: Consider the information exchange of the preferred/restricted DL and UL beams of the aggressor and victim gNBs with each other, based on the beam ID and TCI state. 
Proposal 6: Study master slave gNB model for the assistance information exchange among gNB to reduce the backhaul or OTA signaling among gNB.   
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