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In RAN#96 meeting, a revised SID on NR duplex evolution was endorsed [1]. The objective of this study is to identify and evaluate the potential enhancements to support the duplex evolution for NR TDD. In the previous RAN1 meetings, several agreements related to SBFD operation were achieved. In this contribution, we provide our views on the remaining issues of SBFD operation, i.e. the dynamic indication of time/frequency location of sub-bands to the SBFD aware UE, the time indication of subbands to the SBFD aware UE, the transmission/reception enhancement, and the gNB self-interference. 
Semi static Configuration of subband time and frequency location 
Subband time location indication
· 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. Furthermore, regarding the granularity of SBFD operation in time domain the following agreement were achieved in 3GPP RAN1#112 meeting. 
	Agreement
Study whether or not a slot can consist of both SBFD and non-SBFD symbols including
· Benefits
· Use cases
· Scheduling flexibility
· Implementation complexity 
· Compatibility with legacy TDD DL/UL configuration



In RAN1#112 meeting, two candidates were proposed for the granularity of SBFD operation in time domain: symbol-level SBFD granularity and slot-level SBFD granularity. In our view both options are feasible, but each has its pros and cons. For instance, in the case of slot-level granularity, where a slot contains both SBFD and non-SBFD symbols, the flexibility of SBFD operation is high, and it can use all the existing slot format for SBFD and non-SBFD symbols. However, the symbol-level indication overhead in time-domain, and the switching between the SBFD operation and the non-SBFD operation within a slot will increase. Nevertheless, considering consecutive SBFD symbols within a time slot can reduce the switching between the SBFD and non-SBFD symbols. On the other hand, if a slot contains only SBFD symbols or non-SBFD symbols, the UL UE may not possess an opportunity to receive DCI in the SBFD slot as shown in figure 1. In such cases, only cross slot scheduling can be used to schedule the UL UE. Moreover, the flexibility of scheduling UEs in SBFD slots reduces. Furthermore, several slot formats of the existing specification that contain U symbols cannot be used, because the Rel-18 SBFD operation emphasizes on configuring UL subbands in DL or Flexible symbols/slots. The comparison of both options are shown in table 1. 


Figure 1 UEs visibility of SBFD slots with Slot level SBFD granularity

Table 1 Comparison of SBFD operation in slot level and symbol level granularity 
	Features 
	Symbol Level granularity of SBFD operation
	Slot level granularity of SBFD operation

	Flexibility 
	Increases the scheduling flexibility 

	 Reduces the scheduling flexibility

	Slot Format usage 
	Can use all the current slot formats 
	Cannot use a slot format which contains U symbols

	Indication overhead 
	High indication overhead 
	Low indication overhead

	Same/Cross slot Scheduling DCI
	Same slot DCIs can be used  for scheduling both UL and DL UEs
	Only cross slot scheduling DCI can be used to schedule UL UE  

	Switching between SBFD and non SBFD operations
	Can be reduced if consecutive SBFD symbols are considered within a slot 
	Low switching between SBFD and non SBFD operation 



Observation 1: Symbol Level granularity of SBFD operation may deliver more scheduling flexibility.
Observation 2: Consecutive SBFD symbols within a slot may reduce the switching between SBFD and non SBFD operation. 
Observation 3: Slot level granularity may reduce the scheduling flexibility and limit the use of certain slot formats that contain U symbol for SBFD operation. 
Proposal 1: Consider both SBFD and non SBFD symbols in a slot, where SBFD symbols are contiguous in a slot. 

Subband frequency location indication
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 was discussed in RAN1#112 meeting, but there was no consensus. 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.
Proposal 2: For SBFD operation in flexible symbol/slots, support the explicit indication of DL and UL subbands to the SBFD aware UE.  
Proposal 3: For SBFD operation in DL or flexible symbols/slots, the time/frequency location of guard band can be implicitly derived. 
Dynamic Indication of Subbands location 
For SBFD aware UE, semi-statically configured with UL subband in DL symbols/slots, 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 several types of DL and UL collision as explained below. 
2.2.1 Dynamic Indication of frequency location of subbands 
In RAN#111 and RAN1#112 a group of companies proposed to introduce flexible subband in both symbols configured as DL and flexible in TDD-UL-DL-ConfigCommon. In our view, flexible subband can provide gNB the flexibility to adapt to the varying DL and UL traffic and to handle the DL and UL collision. However for flexible subband it may necessary for both gNB and UE to have a common understanding of DL and UL tranmission in frequency and time resoruces of a flexible subband. For this purpose, dynamic indication of frequency location of subband can be considered which may assist both the gNB and UE to provide a common understanding about the DL and UL transmission in flexible subband. For instance, the gNB would use TDD-UL-DL-ConfigCommon to configure the flexible sub-bands to all the SBFD aware UEs in a cell, and the gNB could further use physical layer signaling i.e. DCI or MAC layer signaling i.e. MAC CE to indicate the DL or UL tranmission direction of flexible sub-bands to the UE. Moreover, dynamic indication can also be used to activate/de-activate the DL or UL flexible sub-bands to one or more UEs in a cell. 
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Observation 4: Flexible subband may provide flexibility to both the UE and gNB to adapt according to DL and UL traffic, and handle DL and UL transmission collisions. 
Observation 5: It may be necessary for both the gNB and UE to be aware of the DL and UL tranmission directions of flexible subbands. 
Proposal 4: Support Dynamic Indicaiton of frequency location of flexible subbands.  
Proposal 5: For dynamic Indicaiton of frequecy location of flexible subbands,  DCI based indication and/or MAC CE based indication can be 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 6: 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. 

SBFD operation in symbols configured as DL or Flexible TDD-UL-DL-ConfigCommon 
The following agreement was made in RAN1#112 meeting for SBFD operation in symbols configured as DL or flexible in TDD-UL-DL-ConfigCommon.
	Agreement
For dynamic SBFD,
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) are allowed or not in a symbol configured as DL in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband are allowed or not in the symbol configured as flexible in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· UL transmissions outside the semi-statically configured UL subbands are not allowed
· Option 3: DL receptions outside semi-statically configured DL subband(s) are allowed
· UL transmissions outside the semi-statically configured UL subbands are allowed
Dynamic SBFD should be compared with dynamic TDD and/or semi-static SBFD in terms of performance, implementation complexity, switching latency.
For each option, additional conditions may apply to determine whether the option is applicable.



In our view, DL receptions outside semi-statically configured DL subbands may be restricted for SBFD-aware UEs under option 1. However, this restriction can prevent overriding of the UL subband in SBFD symbols which are reserved for UL transmission. By adopting option 2, the SBFD aware UE receive the DL reception in the SBFD symbols which is reserved for UL subband. Thus option 2 may override the UL subband in the symbol configured as DL in TDD-UL-DL configCommon.  
 For SBFD aware UE, DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, both option 1 and option 2 may restrict the flexibility of the flexible symbols. For option 3, it may provide more flexibility to the UE for DL reception and UL transmission. 
Proposal 7: In a symbol configured as DL in TDD-UL-DL-ConfigCommon, support option 1 i.e. DL receptions outside semi-statically configured DL subband(s) are not allowed. 
Proposal 8:  In a symbol configured as flexible in TDD-UL-DL-ConfigCommon support option 3 i.e. DL receptions outside semi-statically configured DL subband(s) are allowed, and UL transmissions outside the semi-statically configured UL subbands are allowed. 

Transmission/reception enhancement
Frequency resource allocation enhancement for SBFD operation
Frequency resource type 1 enhancement 
Unaligned boundaries can occur between the RBG and SBFD subbands when the bandwidth requirements of DL and UL subbands do not match with the boundaries of RBGs. This mismatch results in a portion of the RBG being inside or outside the DL or UL subbands, leading to wastage of frequency resources as per the current rules of resource allocation type 0. To solve the issue of mismatch between DL/UL subbands and RBGs, an agreement was reached during the In RAN1#112 meeting as given below. 
	Agreement
For SBFD-aware UEs, study the at least following options for resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands. For an RBG that overlaps the subband boundary,
· Option 1: 
· Part of the DL RBG inside the DL subband can be used
· Part of the UL RBG inside the UL subband can be used
· Option 2: 
· Part of the DL RBG inside the DL subband cannot be used
· Part of the UL RBG inside the UL subband cannot be used
FFS: The part of the RBG outside.



In our view, option 1 is more feasible option for reducing the frequency resource wasting. However, implementation considerations for option 1 need to be taken into account. For instance, RBGs with mismatches between their boundaries and DL subbands can be indicated to UE as DL RBGs for DL reception, and the RBGs with mismatches between their boundaries and UL subbands can be indicated to UE as UL RBGs for UL transmission as shown in figure 2, where parts of the RBGs within the DL or UL subbands can be used for PDSCH or PUSCH transmission/reception, and parts of the RBG outside the DL and UL subbands can be used as a guard band. In case, part of the RBG outside the DL subband is utilized for UL subband, there will be an overlap the DL RBG for two different transmission directions. Similarly, if part of the RBG outside the UL subband is utilized for DL subband, there will be an overlap the UL RBG for two different transmission direction.  
Observation 7: By utilizing part of the RBG inside the DL or UL subband, can reduce the frequency resource wasting. 
Observation 8: Utilizing Part of DL/UL RBG outside the designated subband for the opposite transmission direction may overlap one RBG for two different transmission directions. This can lead to interference in SBFD operation. 
Proposal 9:  In case of unaligned boundaries between RBG and SBFD subbands, support option 1:
· Part of the DL RBG inside the DL subband can be used
· Part of the UL RBG inside the UL subband can be used

Proposal 10: For RBGs with unaligned boundaries with DL/UL subband consider the following 
· RBG with unaligned boundaries with DL subband can be indicated as DL RBG to the UE
· RBG with unaligned boundaries with UL subband can be indicated as UL RBG to the UE

Proposal 11: Parts of the RBG outside the DL or UL subband can be consider as a guard band.



Figure 2 Indication of RBGs with mismatches between their boundaries and DL/UL subbands
In addition, unaligned boundaries between the RBG and SBFD subbands can also be occurred due the insertion of a guard band between DL and UL subbands. The RBG assigned to the guard band may include more RBs than necessary, resulting in frequency resource wastage. To solve this issue, different sizes of RBGs should be configured for guard bands to reduce frequency resource wastage. For instance, the size of RBG for guard band can be limited to 2 or 4 RBs only.  This can be achieved by introducing an extension of a new configuration for RBG size in the existing table of RBG sizes as given in [TS 38.214]. However, this option is limited to resolving the mismatch between DL and UL subbands and RBG boundaries created due to the insertion of guard bands. 
Observation 9: Limiting the size of RBG for guard band, regardless of the BWP size, may prevent a boundary mismatch between RBGs and the SBFD subband
Proposal 12: Study the extension of RBG size configuration for guard band, regardless the size of BWP. 
Frequency resource type 1 enhancement. 
RA type 1 in the current specification utilizes RIV to indicate assigned frequency resources in terms of RBs to UEs. However, it can only indicate contiguous RBs, potentially resulting in incorrect RB indication for PDSCH across two DL sub-bands in DUD subband pattern. To address this issue in SBFD operation, a straight forward solution is to use two-RIV in scheduling DCI for PDSCH: the first RIV indicates RBs of DL sub-band #1 and the second RIV indicates RBs of DL sub-band #2, as shown in Figure 3. However, using two RIVs increases the DCI overhead. An alternative solution is to use the existing RIV, which can indicate all RBs assigned in the DUD subband pattern, and add a new bit in the scheduling DCI to deactivate RBs assigned to the UL sub-bands and guard band as shown in figure 4. This option assumes that the starting and number of RBs in each sub-band are known to UEs through semi-static cell common signaling


Figure 3 PDSCH indication via Two RIV in DUD pattern 

 
Figure 4 PDSCH indication via a single RIV and a new bit in DUD pattern

Observation 10: Using two RIVs to indicate the frequency resource in in non-contiguous DL subbands may increase the DCI overhead.  
Proposal 13: RAN1 to Study at least the following RA type 1 enhancement for DUD subband pattern. 
· Two independent RIVs are associated to the indication of frequency resources in each DL subband 
· One RIV indicate all the frequency resources in DUD subband pattern and the resources assigned to UL subband is de-activated via a single bit in the scheduling DCI 
Transmission/reception across SBFD and non SBFD symbols 
In RAN1#112 meeting, an agreement related to the SBFD operation in time domain was accomplished as given below: 
	Agreement:
Study at least the followings for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots:
· Whether/how to have separate resources 
· Whether/how to have separate FH parameters
· Whether/how to have separate UL power control parameters 
· Whether/how to have separate beam/spatial relation


In this section we provide our views on the separate parameters for SBFD and non SBFD symbols such as frequency resources, FH parameters, UL power control parameters and beam/spatial relation. 
· Separate frequency resources 
The order of frequency resource assignment for SBFD symbols is different from the non-SBFD symbols because of their different bandwidth. Therefore, separate frequency resources should be assigned to a UE for PDSCH reception or PUSCH transmission in both SBFD and non-SBFD symbols/slots. One way to achieve this is by extending the current RA field of scheduling DCI to include an indication of frequency resources for PDSCH/PUSCH in SBFD symbols. However, this may affect the legacy operation. An alternative option is to introduce a new field in the current scheduling DCI to indicate frequency resource assignment for PDSCH/PUSCH in SBFD symbols, while using the existing field for indicating frequency resources for non-SBFD symbols.
Observation 11: Assigning the same frequency resources to a UE for SRS, PUCCH, PUSCH or PDSCH in SBFD symbols and non SBFD symbols is incorrect due to different order of frequency resources and different bandwidth
· Separate FH parameters
The frequency hopping range for non-SBFD symbols is different from the SBFD symbols. In current specification, the starting RB and RB offset for non-SBFD symbols is designed according the frequency resource allocation and the frequency offset in the UL BWP size. Using the existing FH for UL subband may result in frequency hops outside the UL subbands bandwidth as addressed by several companies contributions in RAN1#112 meeting. In order to make the FH in the range of solution to the issue of UL frequency hopping for PUSCH in SBFD symbols involves defining a new range based on the UL subbands bandwidth, which includes determining the RB start and RB offset using a the existing specification equation according to the size of the subband size as given below. 


Where the  is the starting RB within the UL subband and  is the new frequency offset in RBs between the two frequency hops within the size of the UL subband. In addition, separate FH must be indicated for both SBFD and non-SBFD symbols when performing PUSCH transmission in the same or different slots, and two methods can be used to indicate FH assignment. Method 1 involves introducing a new field in the scheduling DCI to indicate separate HF parameters to the UE in SBFD symbols. An alternative solution is to uses a UE-specific RRC message to indicate the FH parameters of SBFD symbols separately from non-SBFD symbols.
Observation 12: The FH parameters e.g. the RB start and RB offset of non SBFD symbols are based on the UL BWP size, which may result in frequency resource hops outside the UL subbands bandwidth. 
Observation 13: The RB start and RB offset for SBFD symbols can be defined based on the UL subband bandwidth/size. 
· Separate UL power control parameters
The uplink transmissions in UL subbands can cause UE-to-UE interference due to frequency variations. This issue was addressed by several contributions in previous meetings to limit the closed-loop power control parameters for uplink transmissions in SBFD symbols. Due to this reason, separate UL TPC for PUSCH in SBFD symbols and non SBFD symbols can be considered.  The separate UL TPC for SBFD and non SBFD symbols can be indicated via the legacy scheduling DCI which involves either introducing a new field to indicate TPC for PUSCH in SBFD symbols or extending the existing TPC field to include a separate UL TPC for PUSCH in UL subband. In addition UE-specific RRC message configured in the PUSCH-Config, can also be used to indicate the closed loop UL TPC in SBFD symbols. 
Observation 14: Similar closed loop UL power control for PUSCH in SBFD and non SBFD symbols may result increase UE-to-UE interference. 
Proposal 14: Consider separate frequency resources for PUSCH or PDSCH, UL FH and UL power control for PUSCH in SBFD and non SBFD symbols.
Proposal 15: For separate frequency resources, UL FH and UL power control in SBFD and non SBFD symbols study at least the following. 
· Separate frequency resources for PUSCH or PDSCH in SBFD symbols can be indicated via a new field in scheduling DCI. 
· Separate UL FH, and separate UL power for PUSCH in SBFD symbols can be indicated via new field in scheduling DCI or RCC message. 
gNB self-interference handling 
For SBFD operation at gNB side, inter-slot/inter-symbol interference may happen due to the unaligned 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 5 DL/UL switching Gap at gNB side
Observation 15: 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. 
Conclusion
In this contribution we discussed the semi-static/dynamic subbands time/frequency locations indication, SBFD operation in symbol configured as DL or Flexible in TDD-UL-DL-ConfigCommon, frequency resource allocations enhancement, transmission and reception across SBFD and non SBFD symbols, and gNB self-interference handling, and made the following observations and proposals.  
Observation 1: Symbol Level granularity of SBFD operation may deliver more scheduling flexibility.
Observation 2: Consecutive SBFD symbols within a slot may reduce the switching between SBFD and non SBFD operation. 
Observation 3: Slot level granularity may reduce the scheduling flexibility and limit the use of certain slot formats that contain U symbol for SBFD operation. 
Observation 4: Flexible subband may provide flexibility to both the UE and gNB to adapt according to DL and UL traffic, and handle DL and UL transmission collisions. 
Observation 5: It may be necessary for both the gNB and UE to be aware of the DL and UL tranmission directions of flexible subbands. 
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: By utilizing part of the RBG inside the DL or UL subband, can reduce the frequency resource wasting. 
Observation 8: Utilizing Part of DL/UL RBG outside the designated subband for the opposite transmission direction may overlap one RBG for two different transmission directions. This can lead to interference in SBFD operation. 
Observation 9: Limiting the size of RBG for guard band, regardless of the BWP size, may prevent a boundary mismatch between RBGs and the SBFD subband.
Observation 10: Using two RIVs to indicate the frequency resource in in non-contiguous DL subbands may increase the DCI overhead.  
Observation 11: Assigning the same frequency resources to a UE for SRS, PUCCH, PUSCH or PDSCH in SBFD symbols and non SBFD symbols is incorrect due to different order of frequency resources and different bandwidth
Observation 12: The FH parameters e.g. the RB start and RB offset of non SBFD symbols are based on the UL BWP size, which may result in frequency resource hops outside the UL subbands bandwidth. 
Observation 13: The RB start and RB offset for SBFD symbols can be defined based on the UL subband bandwidth/size. 
Observation 14: Similar closed loop UL power control for PUSCH in SBFD and non SBFD symbols may result increase UE-to-UE interference. 
Observation 15: 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. 

Proposal 1: Consider both SBFD and non SBFD symbols in a slot, where SBFD symbols are contiguous in a slot. 
Proposal 2: For SBFD operation in flexible symbol/slots, support the explicit indication of DL and UL subbands to the SBFD aware UE.  
Proposal 3: For SBFD operation in DL or flexible symbols/slots, the time/frequency location of guard band can be implicitly derived. 
Proposal 4: Support Dynamic Indicaiton of frequency location of flexible subbands.  
Proposal 5: For dynamic Indicaiton of frequecy location of flexible subbands,  DCI based indication and/or MAC CE based indication can be studied. 
Proposal 6: 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 7: In a symbol configured as DL in TDD-UL-DL-ConfigCommon, support option 1 i.e. DL receptions outside semi-statically configured DL subband(s) are not allowed. 
Proposal 8:  In a symbol configured as flexible in TDD-UL-DL-ConfigCommon support option 3 i.e. DL receptions outside semi-statically configured DL subband(s) are allowed, and UL transmissions outside the semi-statically configured UL subbands are allowed. 
Proposal 9:  In case of unaligned boundaries between RBG and SBFD subbands, support option 1:
· Part of the DL RBG inside the DL subband can be used
· Part of the UL RBG inside the UL subband can be used

Proposal 10: For RBGs with unaligned boundaries with DL/UL subband consider the following 
· RBG with unaligned boundaries with DL subband can be indicated as DL RBG to the UE
· RBG with unaligned boundaries with UL subband can be indicated as UL RBG to the UE

Proposal 11: Parts of the RBG outside the DL or UL subband can be consider as a guard band.
Proposal 12: Study the extension of RBG size configuration for guard band, regardless the size of BWP. 
Proposal 13: RAN1 to Study at least the following RA type 1 enhancement for DUD subband pattern. 
· Two independent RIVs are associated to the indication of frequency resources in each DL subband 
· One RIV indicate all the frequency resources in DUD subband pattern and the resources assigned to UL subband is de-activated via a single bit in the scheduling DCI 

Proposal 14: Consider separate frequency resources for PUSCH or PDSCH, UL FH and UL power control for PUSCH in SBFD and non SBFD symbols.
Proposal 15: For separate frequency resources, UL FH and UL power control in SBFD and non SBFD symbols study at least the following. 
· Separate frequency resources for PUSCH or PDSCH in SBFD symbols can be indicated via a new field in scheduling DCI. 
· Separate UL FH, and separate UL power for PUSCH in SBFD symbols can be indicated via new field in scheduling DCI or RCC message. 
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Introduction


 


I


n RAN#9


6


 


meeting, a revised SID on NR duplex evolution was endorsed [1]. 


The objective of this study 


is to identify and evaluate the potential en


hancements to support


 


the


 


duplex evolution for NR TDD


. 


In the 


previous RAN1 meetings, several agreements


 


related to SBFD operation


 


were achieved. 


In this 


contribution, we provide our views on the


 


remaining issues of SBFD operation, i.e. the dynamic indicat


ion 


of time/frequency loca


tion of sub


-


bands to the SBFD aware UE,


 


the


 


time indication of subbands to the 


SBFD aware UE, the transmission/reception enhancement, and


 


the gNB self


-


interference. 


 


2


 


Semi static 


Configuration of subband time and frequency location


 


 


2.1


 


Subband time location indication


 


·


 


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 


wi


th single or dual periodicity. 


Furt


hermore, regarding the granularity of SBFD operation in time domain the following agreement were 


achieved in 3GPP RAN1#112 meeting. 


 


Agreement


 


Study whether or not a slot can consist of both SBFD and non


-


SBFD symbols including


 


-


 


Benefits


 


-


 


Use cases


 


-


 


Scheduling


 


flexibility


 


-


 


Implementation complexity 


 


-


 


Compatibility with legacy TDD DL/UL configuration


 


 


In 


RAN1#112 meeting


, two candidates were proposed for


 


the gran


ularity of SBFD operation in


 


time 


domain: symbol


-


level SBFD granularity 


and slot


-


level SBFD 


granularity


. In our view both options are 


feasible, b


ut each has its pros and cons. 


For instance, in the case of slot


-


level granularity, where a slot 


co


ntains both SBFD and non


-


SBFD symbols


, the flexibi


lity of SBFD operation is high, and it can use all 


the


 


existing slot format for SBFD and non


-


SBFD symbols. However, the symbol


-


level indication overhead 


in time


-


domain


, and the


 


switching between 


the 


SBFD operation and 


the 


non


-


SBFD operation within a slot 


will increase. Nevertheless, considering consecutive SB


FD symbols within a time slot can reduce the 


switching between the SBFD and non


-


SBFD symbols.


 


On 


the other hand, if


 


a slot co


ntains only SBFD 


symbols or


 


non


-


SBFD symbols, the 


UL UE 


may not 


possess an 


opportunity to receive DCI in the SBFD 


slot


 


as shown in 


figure 1


. In such cases, only cross slot scheduling can be used to schedule the UL UE


.


 


Moreover, the flexibility of scheduling UEs in SBFD slots reduces. Furthermore


, 


several slot formats of 


the existing specification that contain U symbols cannot be used,


 


because 


the Rel


-


18 SBFD operation 


emphasizes 


on configuring 


UL subbands in DL or Flexible symbols/slots


. The comparison of b


oth options 


are shown in table 1


. 
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