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In 3GPP TSG RAN1 # 109-e meeting, regarding the potential enhancement on dynamic/flexible TDD the following agreements were reached to consensus [1]. 
	Agreement
For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of gNB-to-gNB CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
· gNB-to-gNB CLI measurement and reporting
· Coordinated scheduling 
· Spatial domain enhancements
· Advanced receiver 
· UE and gNB transmission and reception timing 
· Power control based solution
· Potential enhancements to Rel-16 RIM
· Sensing based mechanism
· Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
· Note: Any other scheme(s) for inter-gNB CLI handling is/are not precluded.
· Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
· Note: Potential enhancements specific for SBFD will be discussed in 9.3.2
Agreement
For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of UE-to-UE CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
· Potential enhancements to UE-to-UE CLI measurement/reporting
· Coordinated scheduling
· Spatial domain enhancements, 
· Advanced Receiver 
· UE and gNB transmission and reception timing 
· Power control based solution
· Sensing based mechanism
· Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
· Note: Any other scheme(s) for UE-to-UE CLI handling is/are not precluded.
· Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
· Note: Potential enhancement specific for SBFD will be discussed in 9.3.2




In this contribution, we provide our views on the remaining issues of dynamic/flexible TDD. 
Discussion
During RAN1#109-e meeting it was concluded to cover the potential schemes of inter gNB and inter UE CLI handling that are common for both dynamic/flexible TDD and SBDF operation. In this contribution, we provide our views about several common schemes which can reduce the impact of inter gNB and inter UE CLI in both dynamic/flexible TDD and SBFD operation.  
Beam Isolation based enhancement 
Beam based isolation schemes can help to reduce the impact of inter gNB and inter UE CLI in dynamic TDD as well as in SBFD operation.
In dynamic TDD, different beams can be assigned to the aggressor and Victim gNB with possible isolation between the beams to reduce the impact of inter gNB CLI as shown in Figure 1. This enhancement may require inter gNB coordination to identify the suitable Tx and Rx beam pairs among the neighbour’s gNB. 


Figure 1 Beam isolation in dynamic/flexible TDD 

In SBFD operation, the neighbor gNBs can assign different beams to the DL and UL sub-bands with a possible isolation gap between the DL and UL sub-bands to reduce the impact of  inter cell co-channel inter sub-band interference. For instance, gNB1 and gNB2 can assign Rx beam n to the UL sub-band#1, and Tx beam n and n+1 to the DL sub-bands 2 and 3 respectively as shown in Figure 2. The advantage of beam isolation based schemes is more effective in FR2.  This enhancement may also require inter gNB coordination. 


Figure 2 Inter cell inter sub-band interference mitigation via beamforming
Similarly, the beam based isolation of sub-band can also reduce the intra cell UE to UE co-channel inter sub-band interference. For instance, a gNB can assign Rx beam n to the UL sub-band#1 for UE2, and Tx beam n and n+1 to the DL sub-bands 2 and 3 respectively for UE1 as shown in Figure 3.  Since the UL and DL transmissions are isolated through beams,  it may reduce the impact of intra cell inter sub-band UE to UE interference.


Figure 3 Tx/Rx beams isolation for intra cell inter sub-band interference isolation
Observation 1: Inter gNB coordination among the neighbor gNBs can identify suitable beams to reduce the impact of inter gNB CLI in dynamic TDD. 
Observation 2: In SBFD operation, transmission of different direction sub-bands through different beams may reduce the impact of inter cell co-channel inter sub-band interference. 
Observation 3: In SBFD operation, assigning of different beams to different sub-bands may reduce the impact of intra cell UE to UE co-channel inter sub-band interference. 
Proposal 1: Consider inter gNB coordination for CLI mitigation in dynamic TDD and SBFD operation
· To identify the suitable inter gNB beams pairs in dynamic TDD 
· To identify the suitable beams pairs for opposite direction sub-bands

Inter-gNB information exchange signaling/overhead Reduction 
To support CLI mitigation in dynamic TDD and SBFD, inter gNB coordination is required, in which the neighbor gNB exchange information. However, information exchange among the neighbor gNBs for both dynamic TDD and SBFD may increase the backhaul or OTA signaling especially in a dense deployment scenario. Therefore, it may be necessary for RAN1 to study those information exchange schemes which can reduce the backhaul or OTA signaling. One possible scheme is to consider the Master/Slave gNB model, in which a cluster or group of neighbor’s gNBs may comprise of a master gNB and two or more than two slaves gNBs. The slave gNBs may exchange information with the master gNB, and the master gNB may calculate and tabulate the assistance information and share with the entire group or cluster of gNBs, as illustrated in Figure 4. The advantage of information exchange through Master slave gNB model is to minimize the repetitive information exchange among gNBs and thus reduces the backhaul or OTA signaling. On the other hand, as illustrated in Figure 5, the assistance information exchange in legacy way, such that, each gNB exchange information with each other gNB in a cluster or groups of gNBs and using more backhaul or OTA signaling as compared to the Master-slave gNB model.


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


Figure 5 Legacy way of assistance Information exchange for CLI mitigation 

Observation 4: To support CLI mitigation in dynamic TDD and SBFD, Inter gNB coordination is required in which the neighbor gNBs exchange its assistance information among each other. 
Observation 5: Information exchange among the neighbor gNB through a master slave gNB  model reduces the backhaul or OTA signaling significantly as compared to the information exchange through legacy way. 
Proposal 2: For CLI mitigation in dynamic TDD and SBFD, study master slave gNB model for the assistance information exchange among gNB to reduce the backhaul or OTA signaling among gNB.   

L1 CLI Measurement and Reporting
Regarding the L1 CLI measurement and reporting discussed in 3GPP RAN1#109-e meeting, in our view L1 measurement and reporting shall be discussed for both dynamic TDD and SBFD operation. Moreover, the L1 measurement and reporting information can be exchanged among the gNBs in order to allow the victim gNB to identify the aggressor gNB and UEs. 
Proposal 3: Study L1 CLI measurement and reporting at UE for both dynamic TDD and SBFD operation. 

Conclusion
In this contribution we discussed, inter gNB and inter UE CLI handling schemes that are common for both dynamic/flexible TDD and SBDF operations, and made the following observations and proposals.Observation 1: Inter gNB coordination among the neighbor gNBs can identify suitable beams to reduce the impact of inter gNB CLI in dynamic TDD. 
Observation 2: In SBFD operation, transmission of different direction sub-bands through different beams may reduce the impact of inter cell co-channel inter sub-band interference. 
Observation 3: In SBFD operation, assigning of different beams to different sub-bands may reduce the impact of intra cell UE to UE co-channel inter sub-band interference. 
Observation 4: To support CLI mitigation in dynamic TDD and SBFD, Inter gNB coordination is required in which the neighbor gNBs exchange its assistance information among each other. 
Observation 5: 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: Consider inter gNB coordination for CLI mitigation in dynamic TDD and SBFD operation
· To identify the suitable inter gNB beams pairs in dynamic TDD 
· To identify the suitable beams pairs for opposite direction sub-bands

Proposal 2: For CLI mitigation in dynamic TDD and SBFD, 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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