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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 granularity of SFBD operation in time domain, dynamic SBFD and it signaling, dynamic indication of time/frequency location of sub-bands, the transmission/reception enhancement, and physical channel mapping to SBFD and non SBFD symbol within a slot or in different slots. 
Semi static Configuration of subband time and frequency location 
Granularity of SBFD operation in time domain
Regarding the granularity of SBFD operation in time domain, a proposal was discussed and agreed to further study whether or not a slot can consist of both SBFD and non SBFD symbols in  3GPP RAN1#112 meeting. Furthermore, 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 may increase.
Symbol level granularity of SFBD operation 
In RAN1#112bis-e meeting, a conclusion was made towards the motivation of symbol level granularity of SBFD operation in time domain as given below [3]. 
	Conclusion
The following RAN1 observation is made:
One motivation for allowing that a slot can consist of both SBFD and non-SBFD symbols is for compatibility with symbol-level TDD UL/DL configuration.
Frequent switching between SBFD and non-SBFD symbols may increase the implementation complexity and interruptions of transmissions/receptions during transition. 
· Further study whether limitation(s) on the maximum number of switching points between SBFD and non-SBFD symbols within a slot, a TDD UL/DL pattern period, and/or semi-static SBFD configuration period (if different from TDD UL/DL pattern period) are needed
· Further study scenarios a guard period between SBFD and non-SBFD symbols is required/not required and the length of the guard period if required
Note: Whether or not a physical channel/signal occasion is mapped to both SBFD and non-SBFD symbols within a slot is a separate discussion.
· 



Considering consecutive SBFD symbols within a time slot can reduce the switching between the SBFD and non-SBFD symbols. Moreover, it is a matter of common understanding that the SBFD operation location within a slot should have a minimum three-symbol offset from the start of the slot, which can allow gNB to utilize the first three symbols for PDCCH transmission to the UEs in non-SBFD symbols only. Regarding the limitations on the maximum number of switching points between SBFD and non-SBFD symbols within a slot, maximum two transitions between the non-SBFD and SBFD operation can be allowed in a slot from the gNB's perspective. This means that when a slot contains both non-SBFD and SBFD symbols, the gNB can transition from legacy operation to SBFD operation and back to the non SBFD legacy operation, as shown in Figure 1. Furthermore, the SBFD operation and non-SBFD operation within a slot are configured in a way that the DL transmission in the non-SBFD and SFBD symbols to a UE or group of UEs are in consecutive symbols. Similarly the UL transmission in the SBFD and non-SBFD symbols to a UE or group of UEs are in consecutive symbols. Therefore no guard period is required in this case. 


Figure 1 non SBFD and SBFD operation within a slot 
 Slot level granularity of SFBD operation 
In case a slot contains only SBFD symbols or only non-SBFD symbols, the UL UE may not possess an opportunity to receive DCI in the SBFD slot as shown in figure 2. 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 2 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 can reduce switching between SBFD and non-SBFD symbol and the need for a guard period. 
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, with maximum two transitions between non-SBFD and SBFD operation allowed in a slot. 
Subband frequency location indication
For semi static SBFD, such as UL subband in a SBFD symbol configured as DL or flexible symbols in TDD-UL-DL-ConfigCommon, regarding the explicit configuration or implicit derivation of DL subband the following agreement was reached during RAN1#112bis-e meeting [3]. 
	Agreement
At least for semi-static SBFD, the following two options are viable solutions for frequency location configuration of DL subband(s) and guardband(s) if any.
· Option 1: Frequency locations of DL subband(s) are explicitly configured. Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s). 
· Option 2: The number of RBs for guardband(s), if any, is explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).




For semi statically configured UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, the explicit configuration/indication of UL subband is known to the SBFD aware UE. For SBFD operation in flexible symbols 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 symbols, support the explicit indication of DL and UL subbands to the SBFD aware UE.  
Proposal 3: For semi-static SBFD support option 1: Frequency locations of DL subband(s) are explicitly configured. Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s).  
Dynamic SBFD  
SBFD operation in symbols configured as DL or Flexible TDD-UL-DL-ConfigCommon 
For dynamic SBFD, DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband, the following agreement was made in RAN1#112 meeting [2]
	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 RAN1#112bis-e meeting, a conclusion was proposed regarding the benefits of dynamic SBFD. However, the options for the DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband were not concluded. In this section, we provide our view on the aforementioned options of the agreement. 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 4: 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 5:  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. 
Flexible subbands and its signaling 
In 3GPP RAN1#112bis-e meeting, regarding the flexible subband and dynamic SBFD the following proposal was concluded in FL summary [5]. However, no consensus was achieved in this regard. 
	Proposed Agreement:
Study the following options for dynamic SBFD.
· Option 1: Dynamic SBFD is achieved by flexible subband where RBs in flexible subband can be dynamically used for UL transmission and DL transmission. 
· FFS definition of flexible subband
· Option 2: Dynamic SBFD is achieved by scheduling DCI which is used to determine whether DL receptions outside semi-statically configured DL subband and/or UL transmission outside semi-statically configured UL subband are allowed.
· Option 3: Dynamic SBFD is achieved by non-scheduling DCI which indicates whether a symbol is SBFD symbol or not.
Note: whether or not dynamic SBFD is beneficial from a performance perspective is a separate discussion




Regarding dynamic SBFD and flexible subband, we believe that the proposed options for dynamic SFBD are not aligned to achieve this goal. Option uses the term 'flexible subband' which can refers to the time and frequency resources that can be used for DL or UL transmission at a single occasion similar to dynamic TDD, where flexible symbols address physical resources to perform dynamic TDD. The definition of “flexible subband” shall address the physical resources to achieve dynamic SFBD.  For instance a “flexible subband” is a group of consecutive flexible resource blocks (RBs) that can be used for UL or DL transmission at a single occasion, according to the base station's schedule [5][6]. Its function is similar to the F symbol in the current specification, allowing for dynamic balancing of DL and UL resources. All RBs within a flexible subband have the same transmission direction; different transmission directions are not scheduled on different flexible RBs within the subband simultaneously from the gNB's perspective [5][6]. 
Regarding the option 2, and 3 it can be used as signaling to enable dynamic SFBD in flexible subband. For instance, scheduling DCI or non-scheduling DCI can be used to schedule the UL or DL transmission in flexible subband, where flexible subband can spans over one or multiple symbols with a group of consecutive flexible RBs
Observation 4: Similar to dynamic TDD where F symbols address the physical resources, flexible subbands can address the physical resources (time/frequency) in which dynamic SFBD can be performed. 
Proposal 6: RAN1 to study the flexible subband as physical resources which can be used for DL or UL transmission to perform dynamic SFBD. 
Proposal 7: Scheduling DCI or non-scheduling DCI can be used to schedule the flexible subband for UL or DL transmission in dynamic SFBD. 
Dynamic Configuration/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 Configuration/Indication of frequency location of subbands 
The concept of dynamic SBFD and flexible subbands are discussed in RAN1#112 and RAN1#112bis-e meetings. Dynamic SBFD provide gNB the flexibility to adapt to the varying DL and UL traffic and to handle the DL and UL collision which can be performed in flexible subband. 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 5: 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 6: It may be necessary for both the gNB and UE to be aware of the DL and UL tranmission directions of flexible subbands. 
Proposal 8: Support Dynamic indication of frequency location of flexible subbands.  
Proposal 9: For dynamic indication 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 7: 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. 
Transmission/reception enhancement
Frequency resource allocation enhancement for SBFD operation
Frequency resource type 1 enhancement 
Regarding the issue of unaligned boundaries between RBG and SBFD subbands due to a mismatch in bandwidth requirements of DL/UL subbands. Option 1 was agreed in RAN1#112bis-e meeting [3]as given below, where parts of the RBGs within the DL or UL subbands can be used for PDSCH or PUSCH transmission/reception. 
	Agreement
For SBFD-aware UEs, Option 1 with update is agreed for resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands for better resource utilization. 
For an RBG that overlaps the subband boundary,
· Option 1 (with update): 
· The Part of the DL RBG inside the DL subband can be used
· The Part of the UL RBG inside the UL subband can be used




However, no consensus was reached regarding the part of the RBG outside the DL and UL subband. In our view, parts of the RBG outside the DL or 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 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 10: Parts of the RBG outside the DL or UL subband can be consider as a guard band.
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 11: 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 4 PDSCH indication via Two RIV in DUD pattern 

 
Figure 5 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 12: 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 within different slots 
In RAN1#112 meeting, an agreement related to separate parameters for a physical channel mapped to SBFD and non SBFD symbols in different slots was accomplished as given below [2].  
	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 
During RAN1#112bis-e meeting, regarding the frequency resources assigned for UL transmission and DL reception across SBFD symbols and non-SBFD symbols in different slots the following agreement were achieved [3]. 
	Agreement
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), if the transmissions/receptions can be in SBFD symbols and non-SBFD symbols with different available resources, study at least the following frequency resource allocation options for PDSCH, CSI-RS, PUSCH, PUCCH, SRS for SBFD-aware UE:
· Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots. 
· Option 1-1: Separate FDRA configurations/indications for SBFD slots and non-SBFD slots
· Option 1-2: Separate frequency resources determined for SBFD slots and non-SBFD slots based on single FDRA configuration/indication 
· Option 1-3: single FDRA configuration/indication and RB offset(s)
· Option 2: Perform rate matching or puncturing on the RBs outside DL/UL subbands for DL/UL channels/signals. 
· Option 3: A DL/UL channel/signal overlapping with RBs outside DL/UL subbands in a SBFD slot is dropped or postponed.
Note: Different options can be studied for different signals/channels.




The order of frequency resources and bandwidth assigned in SBFD symbols/slots is different from non-SBFD symbols/slots, making separate FDRA determination a feasible solution as proposed in Option 1. Furthermore, Option 1-1 and option 1-2 propose separate frequency resources for SBFD and non-SBFD through either separate FDRA configuration/indication or single FDRA configuration/indication, and they are straightforward and simple solutions to achieve separate FDRA in SBFD and non SBFD slots. Regarding option 1-3, such as a single FDRA configuration/indication and RB offset may be workable for DU or UD subband pattern, however it may not be applied to FDRA configuration/indication in DUD subband pattern.
Option 2 focuses on rate matching or puncturing in RBs outside of the DL/UL subband for DL/UL channels/signals. However, implementing rate matching in physical resources may not be feasible for frequency resource isolation in carriers carrying downlink and uplink data transmissions. This could increase interference in SBFD operations. Option 3, which focus on dropping the DL/UL channel/signal which overlaps with RBs outside DL/UL subbands in SBFD slots, may increase the transmission latency, waste the physical resources and affect the UL coverage which is the main focus of the full duplex evolution study item. 
Observation 11: Rate matching or puncturing RBs outside DL/UL subbands for UL/DL transmission/reception across SBFD and non-SBFD symbols in different slots may not provide physical carriers' isolation carrying DL and UL transmissions, which could increase interference in SBFD operations. 
Observation 12: Dropping DL/UL channels/signals overlapping with RBs outside DL/UL subbands in SBFD slots may have negative consequences such as increasing transmission latency, wasting physical resources, and affecting UL coverage. 
· 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 13: 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 14: 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 15: Similar closed loop UL power control for PUSCH in SBFD and non SBFD symbols may result increase UE-to-UE interference. 
Proposal 13: For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots Support Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots. 

Proposal 14: For separate FDRA configuration/indication for SBFD and non SBFD slots support the following. 
Option 1-1: Separate FDRA configurations/indications for SBFD slots and non-SBFD slots
Option 1-2: Separate frequency resources determined for SBFD slots and non-SBFD slots based on single FDRA configuration/indication 

Proposal 15: For UL transmissions across SBFD symbols and non SBFD symbols within a slot or in different slots,   consider separate UL FH and UL power control for PUSCH in SBFD and non SBFD symbols.
Proposal 16: For separate FDRA, UL FH and UL power control in SBFD and non SBFD symbols study at least the following. 
· Separate FDRA 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.

· Search Space configured in non-SBFD and SBFD symbols in different slots
In several scenarios, the monitoring periodicity of the search space can occur in both SBFD and non-SBFD symbols in different slots during different monitoring occasions. In such cases, the associated CORESET may overlap the boundary of a DL subband in SBFD symbols, which in turn may overlap the frequency resources of the UL subband in SBFD symbols. This scenario was discussed in the RAN1#112bis-e meeting, and the following options were proposed based on the agreement reached in the previous RAN meeting [3]. 
	Agreement
For the case that: 
(a) The monitoring periodicity of a search space is such that different monitoring occasions in different slots occur in SBFD and non-SBFD symbols, respectively, and,
(b) The associated CORESET overlaps the boundary of a DL subband in SBFD symbols
Consider whether/how the above could be supported considering both existing tools in specifications on CORESET and search space configuration as well as at least the following options for potential enhancement for SBFD-aware UE:
· Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
· Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
· Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
· Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)
· Option 5: Separate search spaces associated with a CORESET in SBFD and non-SBFD symbols
Note: Whether these enhancements are applicable to only USS or also CSS




The proposed options in the agreement appears workable for search spaces with monitoring periodicity in both SBFD and non-SBFD symbols, and overlapping DL subband boundaries. Options 2, 3, and 4 are according to the current specification, but it may restrict PDCCH transmission mapped to both SBFD and non-SBFD symbols in different slots. Furthermore option 2, 3 and 4 may also restrict the use cases when all symbols in a slot are SBFD symbols. Thus option 2, option 3 and option 4, may not be feasible solutions for SBFD operation scenarios.
Option 1, such as separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols, and option 5, such as separate search spaces associated with a CORESET in SBFD and non-SBFD symbols, can support PDCCH mapped to SBFD and non-SBFD symbols within different slots. Moreover, option 1 and option 5 can also support PDCCH transmission in the use cases where the slot contains only SBFD symbols. Therefore, option 1 and option 5 are more feasible options than option 2, 3, and 4 for PDCCH transmission in SBFD operation use cases. 
Observation 16: Options 2, 3, and 4 may not be suitable for SBFD operation scenarios as they could limit PDCCH transmission mapped to both SBFD and non-SBFD symbols in different slots, or PDCCH transmission when all symbols in a slot are SBFD symbols. 
Proposal 17: For the case that: 
(a) The monitoring periodicity of a search space is such that different monitoring occasions in different slots occur in SBFD and non-SBFD symbols, respectively, and,
(b) The associated CORESET overlaps the boundary of a DL subband in SBFD symbols
Support all options but prefer option 1, and option 5. 
Transmission/reception across SBFD and non SBFD symbols within different slots for a UE
In RAN1#112bis-e meeting a discussion was initiated regarding whether a physical channel or signal can be mapped to SBFD and non SBFD symbols within a slot for a UE, and an agreement was achieved to study further its use cases, potential benefits, implementation complexity, and phase continuity given below [3]. 
	Agreement
Study whether the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE, and whether a UE can transmit/receive in the occasion mapped to SBFD symbols and non-SBFD symbols including:
· Use-case(s) including the locations and number of switching points of the SBFD and non-SBFD symbols in the slot.
· Potential benefits if any
· Phase continuity
· Potential interruption of transmissions/receptions during transition
· Required guard time if any
· Potential impact on performance
· Impact on link adaptation, channel estimation, and other procedures
· UL transmission timing if any
· Implementation complexity
· Applicability for SBFD aware UE and non-SBFD aware UEs
· NOTE: There are more than one scenario where a transmission overlaps SBFD and non-SBFD symbols and some may or may not face the aspects listed above
· NOTE: This study doesn’t mean RAN1 agreement on a slot consisting of SBFD and non-SBFD symbols. 




A physical channel or signal such as PUCCH/PUSCH or PDCCH/PDSCH can be mapped to SBFD and non SBFD symbols within a slot. The potential benefits of mapping a signal channel to the SBFD and non SBFD symbols is to reduce the transmission latency especially in case of PDCCH or PUCCH repetition. For instance, a slot which contains both SBFD and non SBFD symbol and a UE miss the detection of PDCCH in the non SBFD symbols, need to wait for another monitoring occasion for PDDCH in the upcoming slot. If the channel can be mapped to SBFD and non SBFD symbol within a slot the repetition can also be performed in the same monitoring occasions. In case of PUSCH repetition configured for the UE, in SFBD and non SFBD symbols within a slot, the UL budget can be improved. This is because the maximum symbols in a slot can be used for PUSCH transmission in slot, which is also aligned with objective of study item. 
Moreover, when a physical channel is mapped to both SBFD and non-SBFD symbols within the same time slot, there may not be a significant interruption of transmission/reception during the transition because the transmission direction configured or indicated to a UE or group of UEs is either UL or DL. In addition, no guard time may be needed between the physical channel mapped to SBFD and non-SBFD symbols. 
Regarding Phase of a physical channel or signal mapped to non-SBFD and SBFD symbols within a slot can cause phase distortion due to different bandwidth in non SBFD and SBFD symbols, which may affect the transmission quality of a single channel mapped to non SBFD and SBFD symbols. However, since the phase distortion undergoes in different symbols (time domain) therefore equalization and phase correction techniques at the UE side can be used to mitigate these effects.
Observation 17: A physical channel/signal mapped to SBFD and non-SBFD symbols within as slot can:  
· Reduce the transmission latency, and improve the UL budget for PUSCH repetition 
· Allow uninterrupted transmission/reception during transitions between the SBFD and non-SBFD symbols. 
· Phase distortion can observed due to different BW in the symbols, which can be mitigated using equalization and phase correction techniques at the UE side.

Proposal 18: Support the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE or group of UEs. 
Search Space configured in non-SBFD and SBFD symbols within a slot
If a physical channel is mapped to both non-SBFD and SBFD symbols within a time slot, new use cases may arise where the monitoring periodicity of the search space can occur in non-SBFD symbol and SBFD symbol during the same or different monitoring occasions. In such cases, the associated CORESET may overlap the non-SBFD and SBFD symbols as well as the boundary of a DL subband in SBFD symbols, which can overlap with the frequency resources of the UL subband in SBFD symbols. In such scenarios, one way forward is adopt the dropping or skipping rules of the current specification, but this may increase transmission latency. Alternatively, the CORESET can be confined according to the bandwidth of the DL subband. Furthermore, separate valid resources for the CORESET in SBFD and non-SBFD symbols within a slot, or separate search spaces associated with a CORESET in SBFD and non-SBFD symbols within a slot, can also be considered. 
Observation18: If PDCCH is mapped to non-SBFD and SBFD symbols within a time slot, it may result in overlap of the associated CORESET with non-SBFD and SBFD symbols as well as the boundary of a DL subband in SBFD symbols.
Proposal 19: RAN1 to study CORESET and its associated search space configured in non-SBFD and SBFD symbols within a slot for transmission of PDCCH. 




Conclusion
In this contribution we discussed the granularity of SFBD operation in time domain, dynamic SBFD and it signaling, dynamic indication of time/frequency location of sub-bands, the transmission/reception enhancement, and physical channel mapping to SBFD and non SBFD symbol within a slot or in different slots, 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 can reduce switching between SBFD and non-SBFD symbol and the need for a guard period. 
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: Similar to dynamic TDD where F symbols address the physical resources, flexible subbands can address the physical resources (time/frequency) in which dynamic SFBD can be performed. 
Observation 5: 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 6: It may be necessary for both the gNB and UE to be aware of the DL and UL tranmission directions of flexible subbands. 
Observation 7: 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 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: Rate matching or puncturing RBs outside DL/UL subbands for UL/DL transmission/reception across SBFD and non-SBFD symbols in different slots may not provide physical carriers' isolation carrying DL and UL transmissions, which could increase interference in SBFD operations. 
Observation 12: Dropping DL/UL channels/signals overlapping with RBs outside DL/UL subbands in SBFD slots may have negative consequences such as increasing transmission latency, wasting physical resources, and affecting UL coverage. 
Observation 13: 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 14: The RB start and RB offset for SBFD symbols can be defined based on the UL subband bandwidth/size. 
Observation 15: Similar closed loop UL power control for PUSCH in SBFD and non SBFD symbols may result increase UE-to-UE interference. 
Observation 16: Options 2, 3, and 4 may not be suitable for SBFD operation scenarios as they could limit PDCCH transmission mapped to both SBFD and non-SBFD symbols in different slots, or PDCCH transmission when all symbols in a slot are SBFD symbols. 
Observation 17: A physical channel/signal mapped to SBFD and non-SBFD symbols within as slot can:  
· Reduce the transmission latency, and improve the UL budget for PUSCH repetition 
· Allow uninterrupted transmission/reception during transitions between the SBFD and non-SBFD symbols. 
· Phase distortion can observed due to different BW in the symbols, which can be mitigated using equalization and phase correction techniques at the UE side.

Observation18: If PDCCH is mapped to non-SBFD and SBFD symbols within a time slot, it may result in overlap of the associated CORESET with non-SBFD and SBFD symbols as well as the boundary of a DL subband in SBFD symbols.

Proposal 1: Consider both SBFD and non SBFD symbols in a slot, where SBFD symbols are contiguous in a slot, with maximum two transitions between non-SBFD and SBFD operation allowed in a slot. 
Proposal 2: For SBFD operation in Flexible symbols, support the explicit indication of DL and UL subbands to the SBFD aware UE.  
Proposal 3: For semi-static SBFD support option 1: Frequency locations of DL subband(s) are explicitly configured. Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s).  
Proposal 4: 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 5:  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 6: RAN1 to study the flexible subband as physical resources which can be used for DL or UL transmission to perform dynamic SFBD. 
Proposal 7: Scheduling DCI or non-scheduling DCI can be used to schedule the flexible subband for UL or DL transmission in dynamic SFBD. 
Proposal 8: Support Dynamic indication of frequency location of flexible subbands.  
Proposal 9: For dynamic indication of frequecy location of flexible subbands,  DCI based indication and/or MAC CE based indication can be studied. 
Proposal 10: Parts of the RBG outside the DL or UL subband can be consider as a guard band.
Proposal 11: Study the extension of RBG size configuration for guard band, regardless the size of BWP. 
Proposal 12: 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 13: For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots Support Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots. 

Proposal 14: For separate FDRA configuration/indication for SBFD and non SBFD slots support the following. 
Option 1-1: Separate FDRA configurations/indications for SBFD slots and non-SBFD slots
Option 1-2: Separate frequency resources determined for SBFD slots and non-SBFD slots based on single FDRA configuration/indication 

Proposal 15: For UL transmissions across SBFD symbols and non SBFD symbols within a slot or in different slots,   consider separate UL FH and UL power control for PUSCH in SBFD and non SBFD symbols.
Proposal 16: For separate FDRA, UL FH and UL power control in SBFD and non SBFD symbols study at least the following. 
· Separate FDRA 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.

Proposal 17: For the case that: 
(a) The monitoring periodicity of a search space is such that different monitoring occasions in different slots occur in SBFD and non-SBFD symbols, respectively, and,
(b) The associated CORESET overlaps the boundary of a DL subband in SBFD symbols
Support all options but prefer option 1, and option 5. 
Proposal 18: Support the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE or group of UEs. 
Proposal 19: RAN1 to study CORESET and its associated search space configured in non-SBFD and SBFD symbols within a slot for transmission of PDCCH. 
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The objective of this study 
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nts to support


 


the


 


duplex evolution for NR TDD
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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. 
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Configuration of subband time and frequency location 


 


2.1


 


Granularity of SBFD operation in time domain


 


R


egarding the granularity of SBFD operation in time domain


, a proposal was discussed and agreed to 


further study whether or not a slot can consist of both SBFD and non SBFD symbols in  


3GPP RAN1#112 


meeting. 


Furthermore, 


two candidates were proposed for


 


the gran


ularity of SBFD operation in


 


time 


domain: symbol


-


lev


el 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 o


peration is high, and it can use all 


the 


existing slot format for SBFD and non
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SBFD operation and 
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may 
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e meeting, a conclusion was made towards the motivation of symbol level granularity of 


SBFD operation in time domain as given below
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Conclusion


 


The following RAN1 observation is made:
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motivation for allowing


 


that a


 


slot can consist of both SBFD and non
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SBFD symbols


 


is for 


compatibility with symbol
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level TDD UL/DL configuration.


 


Frequent 


switching
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SBFD symbols


 


may increase the implementation 


complexity and interrupti
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·


 


Further study whether limitation(s) on the maximum number of switching points between 
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and non
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SBFD symbols


 


within a slot, a 
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pattern period, and/or 
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(if 


different from 
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) are needed
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Further study scenarios a guard period between SBFD and non
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SBFD symbols is required/not 


required and the length of the guard period if required


 


Note: Whether or not a physical channel/signal occasion is 


mapped to both SBFD and non
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symbols within a slot is a separate discussion.
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