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In 3GPP RAN1#111 meeting, regarding the SBFD operation in DL or flexible symbols/slots, the following agreements were achieved in 3GPP RAN1#111 meeting [1].
	Agreement
For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, the following is agreed as baseline in the RAN1 study:
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· The frequency location of DL subband(s) can be explicitly indicated or implicitly derived
· DL receptions within DL subband(s) are allowed in the symbol
· Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol
Agreement
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, study the following options for SBFD aware UEs,
Option 1: 
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
· FFS: Whether DL receptions outside DL subband(s) are allowed or not in the symbol
Option 2: 
· UL transmissions within UL subband are allowed in the symbol
· The RBs outside the UL subband can be used as either UL, or DL excluding guardband(s) if used, in the symbol from gNB’s perspective, and the transmission direction for all those RBs is the same
· FFS: SBFD aware UE behaviours
· FFS: Whether or not signalling of guardband(s) is needed
· FFS: Whether or not the symbol can be converted to a DL-only symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol for both options. For all RBs outside the UL subband, UE cannot use separate RBs for DL and UL simultaneously



In this contribution, we provide our views on the remaining issues of SBFD operation, i.e. the time indication of subbands to the SBFD aware UE, the dynamic indication of time/frequency location of sub-bands to the SBFD aware UE, the gNB self-interference and the inter gNB information exchange for the management of co-channel intra subband interference in SBFD operation. 

Sub-bands location Indication 
Semi static Configuration  
For semi statically configured UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, the explicit indication or implicit derivation of DL subband is known to the SBFD aware UE. Similarly, for SBFD operation in flexible symbols/slots the DL subbands are known to the UE as agreed in 3GPP RAN1#111 meeting. However, for SBFD operation in flexible symbols/slots the explicit indication or implicit derivation of UL subbands were not concluded. In our view, for SBFD operation in flexible symbols/slots the explicit indication of each subband (both DL and UL subband) to the UE can let the UE to be aware of the frequency location of each subbands which can reduce the DL and UL transmission collision at the UE side.  In case, the UE is not explicitly indicated the UL subbands, and let the UE to determine the UL subband implicitly, the UE may not be able to determine the guard bands between the DL and UL subbands. In this case, the network may need to indicate the frequency resources of the guard bands between the DL and UL subbands. Therefore, for SBFD operation in flexible symbols/slots consider the explicit indications of all subbands types to the UE can be considered.
Proposal 1: For SBFD operation in flexible symbol/slots, support the explicit indication of DL and UL subbands to the SBFD aware UE.  
Proposal 2: For SBFD operation in DL or flexible symbols/slots, the time/frequency location of guard band can be implicitly derived. 
· Indication of Time locations of subbands 
Regarding the time location indication of subbands, several solutions were proposed in 3GPP RAN1#111 meeting [2], such as SBFD operation period based on the periodicity of TDD UL-DL pattern, a newly configured periodicity of SBDF operation, and the TDD frame structure with single or dual periodicity. However regarding the time location indication of subbands no consensus were reached in the previous meeting. In our view, flexible time windows to distinguish the time slots/symbols assigned to SBFD operation and legacy TDD operation can be considered, to assist the gNB in interference management during the simultaneous existence of the SBFD operation and the legacy TDD operation. Moreover, consecutive SBFD symbols within a time period can be considered to reduce the switching between the SBFD and non-SBFD symbols. In addition, for indication of time slot/symbols in time window based solution for SBFD operation and legacy TDD operation, an extension may be required in TDD-UL-DL-ConfigCommon to explicitly indicate the time slot/symbols window to all the UEs including the SBFD capable UE and the legacy UE. Moreover, cell specific or UE specific configuration such TDD-UL-DLConfigDedicated of the current specification may also require an extension to include an explicit indication of the time slots/symbols to the UE. 
Observation 1: Consecutive SBFD symbols within a period may reduce the switching between SBFD and non SBFD symbols. 
Observation 2: Time window based solution to indicate x number of time slots/symbols to the UEs for SBFD operation and legacy TDD operation may provide assistance in interference management between SBFD operation and legacy TDD operation in the neighbor cells. 
Observation 3: Indication of time location of subbands to UE may requires an extension of TDD-UL-DL-ConfigCommon and TDD-UL-DL-ConfigDedicated to include an indication of the slots/symbols which is used for SBFD operation. 
Proposal 3: Consider consecutive SBFD symbols within a periodic for SBFD operation.
Proposal 4: Study a time domain window based solution to indicate the time slots/symbols of SBFD operation and legacy TDD operation to the SBFD UEs and legacy operation UEs respectively.

Dynamic Indication of Subbands location 
For SBFD aware UE, semi-statically configured with UL subband in a SBFD symbol/slot, configured as DL in TDD-UL-DL-ConfigCommon, the frequency location of DL subband(s) can be explicitly indicated or implicitly derived as agreed in 3GPP RAN1#111 meeting. However SBFD symbols configured in flexible symbols/slots may require dynamic indication of subbands location. Therefore, dynamic indication of time/frequency location of subbands can be considered. Dynamic indication of subbands location can provide the flexibility to both the gNB and UE to perform adaptation according the DL and UL traffic as well as to handle the DL and UL collision as explained below. 
2.2.1 Dynamic Indication of frequency location of subbands 
In case of dynamic indication of frequency location of subbands the network can configure multiple subband sizes within a given TDD band and dynamically indicate an applicable subband size to adapt to the varying DL and UL traffic and to handle the DL and UL collision. For this purpose, the network/gNB would use RRC signaling to configure the suband size or numbers of sub-bands to all SBFD operating UEs in a cell, and the network/gNB could further use physical layer signaling i.e. DCI or MAC layer signaling i.e. MAC CE to indicate the DL/UL sub-bands to the UE. Moreover, dynamic indication can also be used to activate/de-activate the DL/UL sub-bands to one or more UEs in a cell. In addtion,  for dynamic indication, the DL and UL sub-bands are not restricted to a specific sub-band, and it can be indicated and activated/de-activated according to the DL and UL traffic. The main advantage of dynamic indication of frequency location is to handle the DL and UL collision. For instance, if the SSB is configured in frequency location of sub-band#0, the gNB can indicate sub-band#1 or sub-band#2 as UL sub-band to the UE using DCI based indication or MAC CE based indication to avoid the SSB and UL collision as shown in Figure 1. In the same way, when the PRACH is configured in the frequency location of sub-band#0, the gNB can dynamically indicate sub-band#1 and/or sub-band#2 as DL sub-band to the UE using DCI or MAC CE to avoid the PRACH and DL collision as shown in Figure 2. 
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Figure 1 Collision handling between SSB and UL subband


Figure 2 Collision handling between PRACH Occasion and DL subband


Observation 4: SBFD operation configured in flexible symbols/slots may requires the DL and UL subbands indicaion for which dynamic Indication can be used. 
Observation 5: Dynamic Indication of frequency location in flexible symbols/slots provides the flexibility to both the UE and gNB to adapt according to the DL and UL trafficand, and handle the DL and UL tranmission collision. 
Proposal 5: Support Dynamic Indicaiton of frequency location of subbands.  
Proposal 6: For dynamic Indicaiton of frequecy location of subbands,  DCI based indication and/or MAC CE based indication can be further studied. 
2.2.2 Dynamic Indication of time location of subbands
Dynamic indication of time location of subbands may also provide the flexibility to adapt to the varying DL and UL traffic. For dynamic indication of time location of sub-band the existing SFI can be reused. For instance, the SFI of the current specification, which is carried by DCI format 2_0 which is used for indication of DL and UL slots in conventional TDD can be reused to indicate the starting and number of slots/symbols which is used for SBFD operation. 
Observation 6: The current SFI may requires an extension to include an indication for starting of slots/symbols and number of slots/symbols which is used for SBFD operation. 
Proposal 7: Study semi static configuration of multiple subband sizes within a given TDD band,  and dynanmic indication of time/frequency location of subbands to activate/de-activate an UL or DL subbands. 
gNB self-interference handling 
For SBFD operation at gNB side, inter-slot/inter-symbol interference may happen due to the non-aligned slots/symbols boundary which were discussed by several contributions and summarized by FL summary [2] in 3GPP RAN1#111meeting as given below. 
	Proposed Agreement:
Study impact/potential enhancements of unaligned slot/symbol boundary for DL and UL subbands in SBFD symbols.


In our view, separate  for SBFD symbols and legacy UL symbols, i.e.  in SBFD symbols and  in non-SBFD symbols will create backward compatibility issues. Furthermore, the two values may create overlap between the UL transmission in SBFD symbol and next UL transmission in non SBFD symbol. Therefore, a switching gap of DL and UL slots with the existing values can be re-used to define a new switching gap/period between the DL transmission in non-SBFD symbol and UL transmission in a next SBFD symbol, and  DL transmission in SBFD symbol and UL transmission in a next non SBFD symbol as shown in Figure 3. This new switching gap/period may help to avoid the symbols/slots overlapping at the opposite side transmission and reduce the gNB self-interference. 



Figure 3 DL/UL switching Gap at gNB side
Observation 7: Switching gaps of the DL transmission in non-SBFD symbol  with the UL transmission in a next SBFD symbol, and the DL transmission in SBFD symbol with UL transmission in a next non SBFD symbol with the values equal to the  values may reduce the gNB inter symbols/slot interference. 
Inter-gNB and inter-UE CLI handling

gNB to gNB co-channel intra sub-band interference may exist when the neighbor’s gNBs configured with different sub-bands parameters as explained below: 
1. Allocating different bandwidth of UL to UL and DL to DL sub-bands between the neighbor gNBs as shown in Figure 6a. In this case, the same set of RBs of DL sub-band at gNB1 may create intra sub-band interference to the same set of RBs of the UL sub-band at gNB2. 
2. Allocating dissimilar sub-bands to UL and DL transmission between the neighbor gNBs as shown in Figure 6b. In this case, the DL sub-band#2 at gNB1 and DL sub-band#1 at gNB2 may create intra sub-band interference to the UL sub-band#2 at gNB2 and UL sub-band#1 at gNB1 respectively. 
3. Allocation of dissimilar quantity of sub-bands to UL and DL transmission between neighbor gNBs as shown in Figure 7a. In this case, the DL sub-band#2 at gNB1 may create intra sub-band interference to the UL sub-band#2 at gNB2. 
4. Configuration of different numbers of sub-bands between neighbor gNBs as shown in Figure 7b.In this case, a similar set of RBs of DL sub-band#2 at gNB1 may create intra sub-band interference to the similar set of RBs of UL sub-band#1 at gNB2. 



Figure 4a different bandwidth scenario                                            Figure 6b dissimilar sub-bands scenario 




Figure 7a different sub-bands allocation scenario            Figure 7b different sub-bands number scenario
In the same way, the aforementioned scenarios may also create UE to UE co-channel intra sub-band interference. 
In our view, the gNB to gNB and UE to UE co-channel intra sub-band interference can be avoided. For this purpose, the neighbor gNBs may need to exchange SBFD assistance information among each other, such as the bandwidth of sub-band, the number of configured sub-bands, and the allocation of sub-band to UL/DL transmission etc. Based on the information exchange, the neighbor gNBs can adopt the following solutions points to avoid the intra sub-band interference.
1. Keep the same bandwidth of UL to UL and DL to DL sub-bands among the neighbor gNBs
2. Assign alike sub-bands to UL and DL transmission among the neighbor gNBs 
3. Allocate similar quantity of sub-bands to DL and UL transmission among the neighbor gNBs 
4. Configure similar numbers of sub-bands among the neighbor gNBs 

Observation 8: The following scenarios may create gNB to gNB and UE to UE co-channel intra sub-band interference;
1. Allocating different bandwidth to the UL to UL and DL to DL sub-bands among neighbor gNBs 
2. Allocation of dissimilar sub-bands to UL and DL transmission between neighbor gNBs
3. Allocation of dissimilar quantity of sub-bands to UL and DL transmission between neighbor
4. Configuration of different numbers of sub-bands between neighbor gNBs

Proposal 8: For gNB to gNB and UE to UE co-channel intra sub-band interference mitigation at least the following information needs to exchange.
· Frequency locations of each subband
· Numbers of configured subbands 
· Index of DL and UL subbands 


Conclusion
In this contribution we discussed the time indication of subbands to the SBFD aware UE, the dynamic indication of time/frequency location of sub-bands to the SBFD aware UE, the gNB self-interference,  the inter gNB information exchange for the management of co-channel intra subband interference, and made the following observations and proposals.  
Observation 1: Consecutive SBFD symbols within a period may reduce the switching between SBFD and non SBFD symbols. 
Observation 2: Time window based solution to indicate x number of time slots/symbols to the UEs for SBFD operation and legacy TDD operation may provide assistance in interference management between SBFD operation and legacy TDD operation in the neighbor cells. 
Observation 3: Indication of time location of subbands to UE may requires an extension of TDD-UL-DL-ConfigCommon and TDD-UL-DL-ConfigDedicated to include an indication of the slots/symbols which is used for SBFD operation. 
Observation 4: SBFD operation configured in flexible symbols/slots may requires the DL and UL subbands indicaion for which dynamic Indication can be used. 
Observation 5: Dynamic Indication of frequency location in flexible symbols/slots provides the flexibility to both the UE and gNB to adapt according to the DL and UL trafficand, and handle the DL and UL tranmission collision. 
Observation 6: The current SFI may requires an extension to include an indication for starting of slots/symbols and number of slots/symbols which is used for SBFD operation. 
Observation 7: Switching gaps of the DL transmission in non-SBFD symbol  with the UL transmission in a next SBFD symbol, and the DL transmission in SBFD symbol with UL transmission in a next non SBFD symbol with the values equal to the  values may reduce the gNB inter symbols/slot interference. 
Observation 8: The following scenarios may create gNB to gNB and UE to UE co-channel intra sub-band interference;
5. Allocating different bandwidth to the UL to UL and DL to DL sub-bands among neighbor gNBs 
6. Allocation of dissimilar sub-bands to UL and DL transmission between neighbor gNBs
7. Allocation of dissimilar quantity of sub-bands to UL and DL transmission between neighbor
8. Configuration of different numbers of sub-bands between neighbor gNBs

Proposal 1: For SBFD operation in flexible symbol/slots, support the explicit indication of DL and UL subbands to the SBFD aware UE.  
Proposal 2: For SBFD operation in DL or flexible symbols/slots, the time/frequency location of guard band can be implicitly derived. 
Proposal 3: Consider consecutive SBFD symbols within a periodic for SBFD operation.
Proposal 4: Study a time domain window based solution to indicate the time slots/symbols of SBFD operation and legacy TDD operation to the SBFD UEs and legacy operation UEs respectively.
Proposal 5: Support Dynamic Indicaiton of frequency location of subbands.  
Proposal 6: For dynamic Indicaiton of frequecy location of subbands,  DCI based indication and/or MAC CE based indication can be further studied. 
Proposal 7: Study semi static configuration of multiple subband sizes within a given TDD band,  and dynanmic indication of time/frequency location of subbands to activate/de-activate an UL or DL subbands. 
Proposal 8: For gNB to gNB and UE to UE co-channel intra sub-band interference mitigation at least the following information needs to exchange.
· Frequency locations of each subband
· Numbers of configured subbands 
· Index of DL and UL subbands 
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