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In 3GPP TSG RAN1 # 111 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 related to gNB-to-gNB CLI measurement, coordinated scheduling for time/frequency resources, and spatial domain coordination. 
gNB to gNB co-channel CLI measurement 
In RAN1#111 meeting, the candidates for gNB to gNB co-channel CLI measurement were discussed and the following agreement were achieved [2]. 
	Agreement
For gNB-to-gNB co-channel CLI measurement and/or channel measurement, at least periodic NZP CSI-RS/SSB is the baseline in RAN1 study.
· FFS: Whether SSB is CD-SSB or NCD-SSB
In the study RAN1 assumes that exchange of configuration for NZP CSI-RS /SSB can be an enabler for gNB-to-gNB CLI measurement and/or channel measurement. 



Regarding the SSB based measurement of gNB-to-gNB co-channel CLI, the CD-SSB and NCD-SSB were proposed for further study. In our view, CD-SSB may provide more specific information about the aggressor gNB, therefore CD-SSB may be a good candidate for gNB-to-gNB CLI measurement. In addition, the agreed candidates for gNB-to-gNB CLI measurement are the existing DL reference signals, which is transmitted to the UE side, and it may not be used directly by the neighbor gNB to measure the gNB-to-gNB co-channel CLI. For instance, the neighbor gNBs may use the NZP CSI-RS or SSB to measure the channel interference of the gNBs and its serving UEs, and exchange this information with each other.  Therefore, the gNB-to-gNB co-channel CLI measurement procedure may requires further study.  
Observation 1: CD-SSB may provide more specific information about the aggressor gNB to measure the gNB-to-gNB co-channel CLI. 
Observation 2: The NZP-CSI-RS or SSB to measure the gNB-to-gNB CLI may not be used directly to measure the gNB-to-gNB co-channel CLI.
Proposal 1: The procedure of gNB-to-gNB co-channel CLI measurement based on the NZP CSI-RS and CD-SSB can be further studied. 
Coordinated Scheduling for time/frequency resources between gNBs
The discussion of Coordinated scheduling for time/frequency resources between the gNBs were started in RAN1#110bis-e meeting [1], and the details of coordinated scheduling, such as the relevant information exchange, and the scheduling adaptation solutions were discussed in RAN1#111 meeting [3]. However, no details agreements were achieved during the previous meetings.  In this section we provide our views on the discussed and the remaining issues of coordinated scheduling for time/frequency resources between gNBs. 


Relevant information exchange
In 3GPP RAN1#111 meeting, the relevant information exchange between the gNBs for assisting the gNBs to perform coordinated scheduling of time/frequency resources was discussed by several companies and proposed by the FL summary [3]. However, the intention of the proposal was diverted to the alignment of the UL slots/symbols, and the proposal did not reached to any consensus. In our view, 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.  Since, 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 addition, the relevant information exchange may also different from one scenario to another scenario according to the implementation of SBFD operations and legacy 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 as well as the DL and UL subbands information (i.e. the DL and UL subbands time and frequency location).  
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: 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 2: For coordinated scheduling of time frequency resources between the gNB, consider at-least the exchange of the following relevant information between the gNBs. 
· TDD slot format 
· SBFD slot format (time location of DL and UL subbands)
· The frequency location of DL and UL subbands 
Scheduling Adaptation
Based on the information exchange among 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 avoid or reduce 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 reduce the effect of 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 5: 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 6: 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 3: 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
Regarding the spatial domain coordination the following agreements were concluded during RAN1#111 meeting [2].
	Agreement
For spatial domain coordination, the exchange of beam related information among gNB(s) (e.g., victim gNB(s) and aggressor gNB(s)) can be an enabler for inter-gNB co-channel CLI management.
· For example 1 (from aggressor gNB to victim gNB), DL beam indication from aggressor gNB(s)
· For example 2 (from victim gNB to aggressor gNB), preferred/restricted DL beam and associated resource configuration, beam based inter-gNB co-channel CLI measurement result from victim gNB
· FFS: how to define DL beam indication
· FFS: how to define DL beam
Note: The above examples are only provided as starting point for further discussions

Agreement
For gNB-to-gNB co-channel CLI handling, beam level (i.e., based on measurement result per SSB resource and/or per CSI-RS resource) CLI measurement can be considered for study.




In our view, for spatial domain coordination, preferred DL beam from the aggressor gNB to the victim gNB, and preferred UL beam from the victim gNB to the aggressor gNB can be shared with each other. In addition, the restricted DL beam from the victim gNB, and the restricted UL beam from the aggressor gNB to the victim gNB can be shared with each other.   For beam indication, the beams ID and TCI state may provide enough information about the beam which is used by the neighbor gNB for DL or UL transmission.  
Proposal 4: 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. 

Conclusion
In this contribution we discussed, the gNB-to-gNB CLI measurement, coordinated scheduling for time/frequency resources, and spatial domain coordination, and made the following observations and proposals.
Observation 1: CD-SSB may provide more specific information about the aggressor gNB to measure the gNB-to-gNB co-channel CLI. 
Observation 2: The NZP-CSI-RS or SSB to measure the gNB-to-gNB CLI may not be used directly to measure the gNB-to-gNB co-channel CLI.
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: 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 5: 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 6: 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 1: The procedure of gNB-to-gNB co-channel CLI measurement based on the NZP CSI-RS and CD-SSB can be further studied. 
Proposal 2: For coordinated scheduling of time frequency resources between the gNB, consider at-least the exchange of the following relevant information between the gNBs. 
· TDD slot format 
· SBFD slot format (time location of DL and UL subbands)
· The frequency location of DL and UL subbands 

Proposal 3: 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 4: 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. 
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