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In 3GPP TSG RAN1 # 110 meeting, regarding the potential enhancement on dynamic/flexible TDD the following agreements were achieved [1]. 
	
Agreement
Study the feasibility and potential benefits of coordinated scheduling for time/frequency resources between gNBs for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, the study at least includes:
· Details of coordinated scheduling for time/frequency resources 
· Relevant information exchange

Agreement
Study the feasibility and potential benefits of spatial domain coordination method for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, the study at least includes:
· Details for spatial domain coordination 
· Relevant information exchange
Note1: Study can include method for FR1 and FR2

Agreement
Study the feasibility and potential benefits of coordinated scheduling for time/frequency resources between gNBs (if needed) for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Details of coordinated scheduling for time/frequency resources
· Relevant information exchange (if needed)

Agreement
Study the feasibility and potential benefit of UE-to-UE co-channel CLI handling based on spatial domain coordination method which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic /flexible TDD, at least includes:
· Details for spatial domain coordination by gNB
· Relevant information exchange (if needed)
Note1: Study can include method for FR1 and FR2




In this contribution, we provide our views on the details of coordinated scheduling for time/frequency resources which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, in order to reduce the gNB to gNB and UE to UE CLI. 
Coordinated Scheduling for dynamic TDD and SBFD operation
In coordinated scheduling of dynamic TDD and SBFD operation, the scheduling adaptation of the time/frequency resources for dynamic TDD and SBFD operation can be executed according to the actual implementation of dynamic TDD and SBDF operations, and the relevant information exchange among the neighbor base stations regarding the scheduling adaptation  as explained below. 
Dynamic TDD and SBFD operations Scenarios 
In this section, we discuss two scenarios where the neighbor base stations may implement both dynamic TDD and SBFD operation in the same time slots, and its relevant information exchange. 
Scenario 1: In case the neighbor gNBs performs dynamic TDD operation, and SBFD operation in the same time slots/symbols e.g. a gNB performs dynamic TDD operation and its neighbor gNB performs SBFD operation, the neighbor gNBs may exchange the following information with each other.  
1. The starting and Numbers of slots for DL or UL transmission of dynamic TDD 
2. The starting and Numbers of RBs for DL or UL transmission of dynamic TDD
3. The starting and Numbers of slots for DL or UL sub-bands 
4. The staring and Numbers of RBs for DL and UL sub-bands
Scenario 2: Another possible scenario is that the neighbor gNBs may use dynamic TDD and SBFD operation simultaneously, e.g. a gNB and its neighbor gNB may use the dynamic TDD and SBFD operation in the same time slots.  Since, in this scenario each gNB performs both dynamic TDD and SBFD operation. Therefore each gNB may configure a time window for each operation. In other words, the neighbor gNBs may assign different time windows for dynamic TDD and SBFD operation. In this case, the neighbor gNBs may exchange the following information with each other.  
1. The X numbers of slots or the Y numbers of symbols in a first time window which is assigned to the dynamic TDD operation, and the X numbers of slots or the Y numbers of symbols in a second time window which is assigned to the SBFD operation. 
2. The staring and Numbers of RBs for DL and UL sub-bands in a time window which is assigned to the SBFD operation. 
Observations 1: For coordinated scheduling of time frequency resources between the dynamic TDD and SBFD operation, the relevant information exchange may change from one dynamic TDD and/or SBFD operations scenario to another dynamic TDD and/or SBFD operation scenario.
Observation 2: A gNB performing dynamic TDD operation may exchange the following assistance information with its neighbor gNB;
1. Starting and Number of Slots for DL or UL transmission 
2. Starting and Number of RBs or RBG assigned to the DL or UL transmission 

Observation 3: A gNB performing SBFD operation may exchange the following assistance information with its neighbor gNB; 
1. The starting and Number of slots used for SBFD operation
2. The starting and Number of RBs assigned for each DL and UL sub-bands 

Observation 4: A gNB performing both dynamic TDD and SBFD operation may exchange the following assistance information with its neighbor gNB
1. A time window of X slots or Y symbols configured for each operation (i.e. time window of dynamic TDD operation and time window of SBFD operation).
2. The starting and numbers of RBs allocated to each DL and UL subbands in a time window which is assigned to the SBFD operation. 

Proposal 1: Consider the following scenarios for the details of coordinated scheduling of time/frequency resources which are common to both dynamic TDD and SBFD operation. 
· Execution of dynamic TDD at a base station and SBFD operation at a neighbor base station in the same time slots/symbols. 
· Execution of both dynamic TDD and SBFD operation simultaneously at the neighbor base stations. 

Proposal 2: For coordinated scheduling of dynamic TDD and SBFD operation the relevant information exchange among the neighbor base stations can be define according to the dynamic TDD and/or SBFD execution scenarios of each operation. 
Scheduling Adaptation solutions 
Based on the information exchange among the neighbor gNBs, as mentioned above, the neighbor gNBs can perform the following scheduling adaptation to reduce or avoid the gNB to gNB and UE to UE CLI. 
A gNB performing dynamic TDD operation can mute those RBs which corresponds to the co-channel RBs of a sub-band at a neighbor gNB performing a transmission on the opposite direction, to avoid or reduce the co-channel gNB to gNB and UE to UE CLI. Furthermore, the gNB performing 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 the muted RBs at the dynamic TDD operated gNB. For instance, gNB1 may perform DL transmission in slots n, n+1, n+2, and n+3, and gNB2 performs DL and UL transmission using DL and UL sub-bands using the same time slots. In order to minimize or avoid the CLI, gNB1 and gNB2 can implement the above mentioned scheduling adaptation as shown in Figure 1.


Figure 1 Scheduling adaptation of dynamic TDD (DL) at gNB1 and SBFD operation at gNB2 
In the same way, in case the neighbor gNBs perform both dynamic TDD and SBFD operation simultaneously, and the transmission direction of dynamic TDD at both gNBs are the same e.g. DL direction, then gNB1 can assigns a time window Tw1 to the dynamic TDD operation and a time window Tw2 to the SBFD operation as shown in Figure 2. Similarly, the gNB2 can assign also a time window Tw1 to the dynamic TDD operation and time window Tw2 to SBFD operation as shown in Figure 2. In this way, the neighbor gNBs can reduce or avoid the CLI. 


Figure 2 Scheduling adaptation of same direction dynamic TDD (DL) and SBFD operation at gNB1 and gNB2
Observation 5: In dynamic TDD and SBFD operation at the neighbor base station the following scheduling adaptation techniques may reduce or avoid the gNB to gNB and UE to UE CLI. 
· The gNB performing dynamic TDD operation can mute those RBs which corresponds to the co-channel RBs of a sub-band at a neighbor gNB which performs opposite direction transmission.  
· The gNB performing SBFD operation can assign more sub-bands resources to the same transmission direction of the gNB which performs dynamic TDD operation. 

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 and UE to UE 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 dynamic TDD or SBFD operation across the neighbor gNBs. 

Proposal 3: In dynamic TDD and SBFD operation at the neighbor base stations, consider muting those RBs of dynamic TDD operation which correspond to the co-channel RBs of a sub-band at a neighbor gNB which performs opposite direction transmission. 
Proposal 4: Study time windows for simultaneous existence of dynamic TDD and SBFD operation at a gNB and across multiple gNBs.
Spatial Domain coordination
In spatial domain, the neighbor gNBs can exchange the relevant information of the beams which is assigned to the DL transmission and UL transmission with each other as shown in Figure 3. In this way, the neighbor gNBs can adjust their beams according to each other which may help to reduce the gNB to gNB and UE to UE CLI. 


Figure 3 Spatial Domain Enhancement for dynamic TDD and SBFD operation
Observation 7: Inter gNB coordination among the neighbor gNBs can identify suitable beams to reduce the impact of inter gNB CLI in dynamic TDD. 
Proposal 5: Consider information exchange of DL and UL transmission beams among the neighbor base stations. 
Conclusion
In this contribution we discussed, coordinated scheduling for time/frequency resources, and spatial domain coordination, which are common for dynamic/flexible TDD and SBDF operation, and made the following observations and proposals.
Observations 1: For coordinated scheduling of time frequency resources between the dynamic TDD and SBFD operation, the relevant information exchange may change from one dynamic TDD and/or SBFD operations scenario to another dynamic TDD and/or SBFD operation scenario.
Observation 2: A gNB performing dynamic TDD operation may exchange the following assistance information with its neighbor gNB;
3. Starting and Number of Slots for DL or UL transmission 
4. Starting and Number of RBs or RBG assigned to the DL or UL transmission 

Observation 3: A gNB performing SBFD operation may exchange the following assistance information with its neighbor gNB; 
3. The starting and Number of slots used for SBFD operation
4. The starting and Number of RBs assigned for each DL and UL sub-bands 

Observation 4: A gNB performing both dynamic TDD and SBFD operation may exchange the following assistance information with its neighbor gNB
3. A time window of X slots or Y symbols configured for each operation (i.e. time window of dynamic TDD operation and time window of SBFD operation).
4. The starting and numbers of RBs allocated to each DL and UL subbands in a time window which is assigned to the SBFD operation. 

Observation 5: In dynamic TDD and SBFD operation at the neighbor base station the following scheduling adaptation techniques may reduce or avoid the gNB to gNB and UE to UE CLI. 
· The gNB performing dynamic TDD operation can mute those RBs which corresponds to the co-channel RBs of a sub-band at a neighbor gNB which performs opposite direction transmission.  
· The gNB performing SBFD operation can assign more sub-bands resources to the same transmission direction of the gNB which performs dynamic TDD operation. 

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 and UE to UE 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 dynamic TDD or SBFD operation across the neighbor gNBs. 

[bookmark: _GoBack]Observation 7: Inter gNB coordination among the neighbor gNBs can identify suitable beams to reduce the impact of inter gNB CLI in dynamic TDD. 
Proposal 1: Consider the following scenarios for the details of coordinated scheduling of time/frequency resources which are common to both dynamic TDD and SBFD operation. 
· Execution of dynamic TDD at a base station and SBFD operation at a neighbor base station in the same time slots/symbols. 
· Execution of both dynamic TDD and SBFD operation simultaneously at the neighbor base stations. 

Proposal 2: For coordinated scheduling of dynamic TDD and SBFD operation the relevant information exchange among the neighbor base stations can be define according to the dynamic TDD and/or SBFD execution scenarios of each operation. 
Proposal 3: In dynamic TDD and SBFD operation at the neighbor base stations, consider muting those RBs of dynamic TDD operation which correspond to the co-channel RBs of a sub-band at a neighbor gNB which performs opposite direction transmission. 
Proposal 4: Study time windows for simultaneous existence of dynamic TDD and SBFD operation at a gNB and across multiple gNBs.
Proposal 5: Consider information exchange of DL and UL transmission beams among the neighbor base stations. 
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