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Introduction
In this contribution, followings are discussed for SubBand non-overlapping Full Duplex (SBFD).
· General Aspects of SBFD scheme  
· Interference Handling (Inter-subband CLI, Self-Interference)

General Aspects of SBFD scheme

Configuration of subband frequency location for SBFD operation
Two topics for configuration of subband frequency location needs to be discussed.
1) The frequency location of DL subband(s) can be explicitly indicated or implicitly derived.
2) How the frequency location of UL/DL subband is indicated.

Discussion #1: DL subband / Guard subband
In RAN1#110-bis-e meeting, it was agreed that explicit indication of frequency location of UL subband is required. Also, further study whether frequency location of other subband type is explicitly indicated or implicitly determined remains.  
	Agreement  (RAN1#110-bis-e)
For semi-static configuration of subband frequency locations for SBFD operation, at least explicit indication of frequency location of UL subband is required.
· FFS: Whether frequency location of other subbands types is explicitly indicated or implicitly determined.



Two types of subband can be considered as other subband. One subband is guard subband, and the other is downlink subband. 
From gNB point of view, the guard subband is required for reducing self-interference when SBFD operation is supported. Hence, it expects that the gNB requirement for supporting guard subband would be discussed in RAN4. But, from UE point of view, it may not be necessary for UE to be acknowledged the existence of the guard subband and/or frequency location of the guard subband at the gNB side. Simply, if UE is informed the frequency location where UE is not required to receive DL signal/channel or the frequency location where UE is permitted to receive DL signal/channel, UE can operate to receive DL signal/channel within the subband which may be implicitly determined or explicitly indicated.
The indication of frequency location of UL subband is required for UE to determine the frequency location where UL transmission is permitted to the UE. Also, the frequency location of UL subband can be used as a reference of frequency resource allocation for PUSCH/PUCCH/SRS within the active BWP. In the same way, the indication of frequency location of DL subband seems necessary for UE to determine the frequency location where DL reception is permitted to the UE. Especially, if it is permitted that frequency location or bandwidth for DL is changed depending on the TDD or SBFD operation, UE needs to be acknowledged the frequency location which can be a reference of frequency resource allocation for PDSCH/PDCCH/CSI-RS and so on. For the indication of DL subband related frequency location, two alternatives can be studied.     
· Alt.1: Indication of frequency location where reception for DL signal/channel is permitted.  
· Alt.2: Indication of frequency location where reception for DL signal/channel is not permitted.

In case of 1st alternative, UE can directly determine the frequency location where reception for DL signal/channel is permitted. 
On the other hand, in case of 2nd alternative, UE may implicitly determine the frequency location where reception for DL signal/channel is permitted when UE is configured the frequency location where reception for DL signal/channel is not permitted. For example, to determine the DL subband, one can subtract the resources that are not included in DL reception from the overall system bandwidth. Also, advantage of the second alternative is that a uniform indication, such as indicating the starting PRB and bandwidth, can be designed for both DL and UL subbands.

Proposal 1: Explicit indication of frequency location of guard subband is not required. 
Proposal 2: Explicit indication of DL subband related frequency location is provided to the SBFD-aware UE. Following two alternatives can be studied. 
· Alt.1: Indication of frequency location where reception for DL signal/channel is permitted.  
· Alt.2: Indication of frequency location where reception for DL signal/channel is not permitted.


Discussion #2: Details of subband frequency location indication
The DL subband and UL subband can be configured within a BWP and/or carrier Bandwidth. Also, configured bandwidth for DL/UL can be consecutive or not. In addition, the subband partitioning could be semi-statically configured. For supporting SB-FD operation, it needs to be discussed whether discontinuous subband can be assigned for a BWP and/or carrier Bandwidth. 
For SB-FD case, it can be assumed that subbands at both lower frequency and higher frequency within spectrum can be used for downlink and subbands in the middle of spectrum can be used for uplink. In this case, it can be assumed that two groups of subbands for DL are used for consisting DL BWP and/or actual carrier in order to provide more frequency resources and frequency diversity gain. But, in current specification for BWP configuration (i.e., BWP) and Carrier configuration (i.e., SCS-SpecificCarrier), this type of configuration cannot be supported because BWP and the actual carrier are consisted of contiguous RBs which is indicated by the parameter ‘locationAndBandwidth’ and ‘carrierBandwidth’ in current BWP configuration (i.e., BWP) and Carrier configuration (i.e., SCS-SpecificCarrier), respectively.
To be specific, for supporting a DL BWP / DL carrier consisting of discontinuous subbands, it needs to be discussed how to configure BWP / carrier with discontinuous subbands. As a simple example, it can be considered that additional parameter for resource indicator value (RIV) is introduced for indicating a resource blocks which is not used for the BWP / DL carrier.

Proposal 3: For a BWP / Carrier for SBFD operation, additional parameter for resource indicator value (RIV) is introduced (e.g., indication of a resource blocks which is not used for the BWP / Carrier, or indication of a resource blocks which is non-contiguous resource, or indication of a resource blocks with narrower bandwidth, etc.).


In RAN1#111 meeting, it was agreed that CRB grid is used as reference for the configuration of subband frequency location indication.
	Agreement (RAN1#111)
For the purpose of RAN1 study, the understanding is that for semi-static configuration of subband frequency locations for SBFD operation, frequency location of UL/DL subband is with reference to CRB grid.



As a further details of indication of frequency location of UL/DL subband, it needs which subcarrier spacing is used for indicating the frequency location of UL/DL subband. The following two alternatives can be studied.
· Alt.1: Subband is indicated by each subcarrier spacing which are used in the carrier
· Alt.2: Subband is indicated by reference subcarrier spacing.

In addition, parameters for configuration can be studied. 
· Granularity: PRB or PRB Group
· Starting PRB(PRB Group): Explicit indication or Candidate frequency location (e.g., edge, middle of system bandwidth)
· Bandwidth
Further discussion point
· Whether unaligned RBG Grid (or PRB Grid) can be allowed.


Proposal 4: Study the details of indicating frequency location of UL/DL subband
· For subcarrier spacing for subband indication, the following two alternatives can be studied.
· Alt.1: Subband is indicated by each subcarrier spacing which are used in the carrier
· Alt.2: Subband is indicated by reference subcarrier spacing.
· Granularity of subband indication
· PRB or PRB Group
· Starting PRB(PRB Group)
· Explicit indication 
· Candidate frequency location (e.g., edge, middle of system bandwidth)
· Bandwidth
· Only continuous resource block
· Both continuous resource block and non-continuous resource block
· Whether unaligned RBG Grid (or PRB Grid) can be allowed.


Potential enhancements to resource allocation in frequency-domain for SBFD operation
In case of legacy TDD, length of available BW of DL BWP (or UL BWP) is not changed. On the other hand, when SB-FD operation is allowed, length of available BW of DL BWP (or UL BWP) would be different depending on time resource. For example, wide BW can be used in time resource for DL only (i.e., Half Duplex operation), and narrower BW would be available in time resource for SB-FD. Therefore, it can be assumed if time resource for half duplex (HD) and time resource for SB-FD are timely multiplexed, length of available BW of DL BWP (or UL BWP) can be changed depending on time resource. In this sense, it needs to be discussed whether/how different available BW of BWP depending on time resource for HD or SB-FD is supported. 

Proposal 5: Study whether/how different length of available BW of a BWP depending on time resource for HD or SB-FD is supported.  
· UE behavior depending on frequency resource of DL/UL for half duplex time resource and SBFD time resource (e.g., UL frequency hopping, PUCCH resource allocation in frequency domain, SRS resource configuration, UL/DL FDRA, CSI-RS resource, DL Measurement, CSI measurement and reporting, etc.)


In RAN1#111, it was agreed to study the impact of and benefits of potential enhancements to resource allocation in frequency-domain for SBFD operation. 
	Agreement (RAN1#111)
Study the impact and benefits of potential enhancements to resource allocation in frequency-domain for SBFD operation, considering unaligned boundaries between resource block group(s)/reporting subband(s) and SBFD subbands, including at least the following:
· RBG for PDSCH RA type 0
· CSI reporting configuration
· CSI-RS resource configuration
· PRG of PDSCH



Discussion #1: RBG for PDSCH RA type 0
Nominal PRG (Resource Block Group) size is determined by bandwidth part size. When SBFD operation is allowed, the actual bandwidth of DL/UL subband is smaller than that of DL/UL only case. If the nominal RBG size is determined by the actual bandwidth of SBFD symbol and non-SBFD symbol, two values of different RBG size seems to be used in the active BWP. But, rather than using two different value of PRG size, using single granularity within a BWP is appropriated for simple operation and resource allocation. For example, when gNB can allocate the frequency resource based on the larger PRG size which would be determined by the bandwidth of BWP, the granularity can be applied to the DL/UL subband of SBFD symbol. If contiguous resource blocks are assigned for DL subband, gNB can reuse the FDRA field to assign frequency resource in a SBFD symbol. 

Proposal 6: Single value of RBG size for PDSCH RA type 0 is used for both SBFD symbol and non-SBFD symbol.


Discussion #2: CSI reporting configuration
For SBFD operation and non-SBFD operation, different antenna configuration can be assumed. Furthermore, the transmission and reception beamforming at gNB could be different between SBFD symbol and non-SBFD symbol. In this reason, CRI reporting and Rank/PMI/CQI reporting needs to be configured independently for SBFD symbol and non-SBFD symbol. On the other hand, the granularity of RBG needs to be aligned between SBFD symbol and non-SBFD symbol.

Proposal 7: CRI reporting and Rank/PMI/CQI reporting needs to be configured independently for SBFD symbol and non-SBFD symbol. The granularity of RBG needs to be aligned between SBFD symbol and non-SBFD symbol.


Discussion #3: CSI-RS resource configuration
Current configuration of CSI-RS resource is designed by the assumption that contiguous resource block is assigned within DL BWP. But, when non-contiguous resource blocks are assigned for DL subband, it needs to be discussed how to assign CSI-RS resource. 
First alternative is to assign two CSI-RS resource for each contiguous resource blocks within a DL subband. In this case, it can be assumed that two CSI-RS resources are used for a sing CSI reporting. 
Second alternative is to enhance frequency domain indication for CSI-RS resource for supporting non-contiguous resource block within DL subband. One example is that parameters such as starting RB and bandwidth which are used to indicate the frequency resource is not used for DL reception can be added to the current configuration of CSI-RS resource. In case of second alternative, it can be assumed that the bandwidth of CSI-RS resource for DL subband is same as that for non-SBFD symbol.

Proposal 8: For supporting non-contiguous resource block within DL subband, enhancement of frequency domain indication for CSI-RS resource configuration is required. 
· Parameters such as starting RB and bandwidth which are used to indicate the frequency resource is not used for DL reception can be added to the current configuration of CSI-RS resource.


Discussion #4: PRG of PDSCH
PRG of PDSCH can be used as a granularity of DMRS bundling in frequency domain. For simplifying the implementation of channel estimation, it preferable to use single value of PRG of PDSCH for SBFD symbol and non-SBFD symbol within a DL BWP.

Proposal 9: Use single value of PRG of PDSCH for SBFD symbol and non-SBFD symbol within a DL BWP.


How to determine UL transmission and DL reception for a SBFD aware UE
In RAN1#111, the followings were agreed.  
	Agreement (RAN1#111)
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 (RAN1#111)
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 the agreements, it would be assumed that SBFD operation is allowed at a symbol configured as DL in TDD-UL-DL-ConfigCommon and a symbol configured as flexible in TDD-UL-DL-ConfigCommon. But, regarding SBFD operation in a symbol, the understanding seems to be diverged. For the clear understanding, following points should be discussed.
· When a symbol is indicated as SBFD symbol, whether it allows to be used to a DL-only symbol at the symbol configured as DL in TDD-UL-DL-ConfigCommon.
· When a symbol is indicated as SBFD symbol, whether it allows to be converted to a DL-only symbol or UL-only symbol at the symbol configured as flexible in TDD-UL-DL-ConfigCommon.
· When a symbol is indicated as SBFD symbol, how to determine DL reception within DL subband(s) or UL transmission within UL subband at the SBFD symbol.

Proposal 10: Followings should be studied. 
· When a symbol is indicated as SBFD symbol, whether it allows to be used to a DL-only symbol at the symbol configured as DL in TDD-UL-DL-ConfigCommon.
· When a symbol is indicated as SBFD symbol, whether it allows to be converted to a DL-only symbol or UL-only symbol at the symbol configured as flexible in TDD-UL-DL-ConfigCommon.
· When a symbol is indicated as SBFD symbol, how to determine DL reception within DL subband(s) or UL transmission within UL subband at the SBFD symbol.

The symbol configured as DL in TDD-UL-DL-ConfigCommon is determined as DL reception is allowed at UE side. When the symbol is indicated as SBFD symbol, UE can assume that DL reception within DL subband or UL transmission within UL subband is permitted. But, even if gNB indicates SBFD symbol, UE cannot determine which direction such as downlink and uplink is indicated in the time resource. Following the indication from gNB, UE may operate one behaviour among DL reception within DL subband, UL transmission within UL subband, and DL reception within the whole BW of the DL BWP. If there is no indication, UE may assume to operate DL reception within the whole BW of the DL BWP following the legacy indication (i.e., DL in TDD-UL-DL-ConfigCommon).

The symbol configured as flexible in TDD-UL-DL-ConfigCommon is determined as DL reception or UL transmission is allowed at UE side. Also, when the symbol is indicated as SBFD symbol, UE can assume that DL reception within DL subband or UL transmission within UL subband is permitted. Similar with above discussion, even if gNB indicates SBFD symbol, UE cannot determine which direction such as downlink and uplink is indicated in the time resource. Therefore, the indication from gNB needs to be provided to the UE.
Observation 1: Even if gNB indicates SBFD symbol, UE cannot determine which direction such as downlink and uplink is indicated in the time resource.
Proposal 11: Following the indication from gNB, UE may operate one behaviour among DL reception within DL subband, UL transmission within UL subband, and DL reception within the whole BW of the DL BWP (or UL transmission within the whole BW of the UL BWP).


Basically, for an SBFD aware UE configured with an UL subband in a symbol, it seems natural that the SBFD aware UE does not expect to be scheduled with UL transmission outside the UL bandband or to be scheduled with DL reception within the UL subband in the SBFD symbol. 
Main benefit of SBFD is to provide more UL resources which was intended to be used for DL. But, when SBFD is allowed, DL performance (e.g., throughput) would be worse than half duplex only operation because DL resources are reduced.  The reserved UL resources for SBFD operation are utilized or not depending on the UL traffic. If the reserved UL resource and guard frequency for SB-FD operation are allowed to be used for DL reception depending on the demand of UL traffic, DL performance of SB-FD would be similar with that of half duplex only operation. In our companion contribution [7], it was observed that DL performance of SBFD is similar with that of TDD when converting to a DL-only symbol is allowed.

Proposal 12: A symbol can be indicated as SBFD symbol, then converting to a DL-only symbol is allowed.


TDD configuration for supporting SB-FD
Legacy TDD configuration is designed for HD TDD operation, where time resource (slot or symbol) for downlink only, time resource for uplink only, and flexible resource can be designated in time domain. Also, current TDD configuration is designed based on the assumption of a type of {DL Flexible UL} pattern. In Rel-18 DE SI, it was decided that gNB SB-FD and UE HD are assumed. That is, TDD configuration should be informed to UE with SB-FD capability because UE operates in half duplex manner.
But, when time resource for SB-FD operation is used, additional type of pattern would be required TDD configuration. For example, it can be assumed that time resource for SB-FD is located in the prior slots within TDD configuration period. For supporting this kind of combination link direction, new configuration seems to be necessary. In this sense, in Rel-18 DE SI, it needs to be discussed whether/how TDD configuration mechanism is enhanced for supporting SB-FD operation. 

Proposal 13: Study whether TDD configuration mechanism should be updated for supporting SB-FD operation. If it is agreed that enhancement of TDD configuration for SB-FD operation is studied, following can be studied.
· Which type of TDD configuration needs to be enhanced for supporting SB-FD operation


In NR system, TDD UL/DL pattern can be configured by TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated and Dynamic Slot-Format Indicator (SFI). And, this TDD UL/DL pattern is applied to every BWPs. When SB-FD operation is adopted, multiple types of TDD UL/DL pattern can be indicated for UE with capability for supporting SB-FD operation. For example, it can be indicated which type of TDD UL/DL pattern is applied for each BWP. In this sense, it seems necessary to be studied whether multiple type of TDD UL/DL pattern can be allowed for BWPs when SB-FD operation is adopted. 

Proposal 14: Study whether multiple type of TDD UL/DL pattern can be allowed for BWPs when SB-FD operation is adopted.


Configuration of subband time location for SBFD operation
The followings were agreed in RAN1#110 meeting.
	Agreement
For indication of subband locations for SBFD operation, study semi-static configuration of subband time and frequency location as baseline.

Agreement
For semi-static configuration of subband location, consider same subband frequency resources across different SBFD symbols as baseline.



The followings were agreed in RAN1#110-bis-e meeting.
	Agreement
For semi-static configuration of subband frequency locations for SBFD operation, at least explicit indication of frequency location of UL subband is required.
· FFS: Whether frequency location of other subbands types is explicitly indicated or implicitly determined.
Agreement
For semi-static configuration of subband time locations for SBFD operation, it is agreed that explicit configuration of SBFD subband time locations within a period is the baseline.



For semi-static configuration of subband time locations for SBFD operation, following options can be studied 
· Option 1: Indicate each slot within a period where SB-FD operation is allowed 
· Option 2: Indicate start time resource and number of contiguous time resource within a period where SB-FD operation is allowed.  

Proposal 15: For semi-static configuration of subband time locations for SBFD operation, following options can be studied 
· Option 1: Indicate each slot within a period where SB-FD operation is allowed 
· Option 2: Indicate start time resource and number of contiguous time resource within a period where SB-FD operation is allowed.


In NR system, DL/UL collision handling rule is defined. For example, UE does not transmit UL channel/signal if transmission would be overlapped with any symbol of set of symbols for SS/PBCH block. 
When SB-FD operation is adopted, set of symbols for SS/PBCH block can be involved within time resource for SB-FD operation, and symbols indicated for UL channel/signal transmission can be overlapped with any symbol of set of symbols for SS/PBCH block. 
In this case, UE may not transmit UL channel/signal if current DL/UL collusion handling rule is applied. That is, UL subbands within SB-FD symbol cannot be used when symbols for SS/PBCH block are located at the SB-FD symbols. Even if the symbols are configured as SB-FD symbols, converting to the DL only symbol seems better operation in the symbols where UE may receive SS/PBCH block for the purpose of measurement or time/frequency tracking. 
The other way is that currently defined UL/DL collision handling rule is modified. For example, if DL/UL collision rule is modified for allowing UL transmission at the SB-FD symbols, UE may not receive symbols for SS/PBCH block and UE may not operate L3 measurement, time/frequency tracking, Rx beam selection by using SS/PBCH block. That, DL/UL collision rule can be modified considering on efficient DL/UL operation in the SB-FD symbols.

Proposal 16: For supporting SB-FD operation, two alternatives can be studied. 
· Alt.1: Converting to DL only or UL only operation is allowed in the SB-FD symbol for the special purpose (e.g., L3 measurement, CORESET 0 monitoring, SS/PBCH reception, etc.)
· Alt.2: Current UL/DL collision handling rule is modified for the special purpose (e.g., L3 measurement, CORESET 0 monitoring, SS/PBCH reception, etc.)


SBFD operation for UE in RRC_IDLE/Inactive states
In the previous meeting, the agreement was made at least for UE in RRC_CONNECTED state. In addition, SBFD for UE in IDLE/Inactive state should be studied. One of main motivation of introducing SB-FD is UL coverage enhancement. In Rel-17 CE WI, msg3 PUSCH repetition was introduced. Also, in Rel-18 CE WI, normative work for RACH repetition is started. For supporting RACH procedure, SB-FD can be utilized for the UE in IDLE/Inactive state. 

Proposal 17: Study SBFD operation for UE in IDLE/Inactive state.


SBFD symbol and Non-SBFD symbol

	Agreement (RAN1#111)
Study impact and potential enhancements for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols, including at least the following:
· PDCCH, scheduled/configured PUCCH/PUSCH/PDSCH, without repetition in SBFD symbols and non-SBFD symbols
· Scheduled/configured SRS/CSI-RS in SBFD symbols and non-SBFD symbols
· Scheduled/configured TBoMS across SBFD symbols and non-SBFD symbols with or without repetition
· Multi-PUSCH/PDSCH scheduled by a single DCI in SBFD symbols and non-SBFD symbols
· Scheduled/configured PDSCH/PUSCH/PUCCH with repetitions across SBFD symbols and non-SBFD symbols
Note: Inter-slot/intra-slot/inter-repetition/inter-group frequency hopping with DMRS bundling of PUSCH/PUCCH, if applicable, is considered.
Examples of potential enhancements include:
· Resource allocation in frequency domain including frequency hopping
· Resource allocation in time domain
· Power domain
· Spatial domain 
FFS: If the PUCCH/PUSCH/PDSCH/PDCCH can be mapped to SBFD and non-SBFD in the same slot if configured.



Depending on duplex scheme operated in gNB side, antenna scheme and/or beam management scheme can be differently applied. 
In SB-FD case, antenna separation based self-interference reduction scheme can be applied. For example, some panel(s) among total panels can be used for DL transmission, and the other panel(s) which is geographically separated from the panel for DL transmission can be used for UL reception. But, in HD TDD case, following options for using multiple panels can be considered.
· Option 1: All panels can be used for DL transmission or UL reception in HD TDD case.
· Option 2: Designated panel(s) for DL transmission (or UL reception) in SB-FD case is used in HD TDD case. 
Also, beam management among DL and UL can be applied for self-interference reduction in SB-FD case. On the other hand, in HD TDD case, beam management for DL and UL can be operated independently. In this case, UE may be configured different TCI state according to duplex scheme in gNB side. 
In addition, in SB-FD case, reduced DL Tx power can be applied for reduction of self-interference. On the other hand, in HD TDD case, higher DL Tx power can be applied for maintaining DL coverage. If different level of DL Tx power is applied, CSI measurement/report could be required according to Tx power level. 
For UL transmission at the SB-FD symbols, UE may transmit UL channel/signal with higher power spectral density in order to overcome residual self-interference of gNB.
Furthermore, if it is allowed that non-contiguous subband can be designated within a BWP for SB-FD case, several features (e.g., FDRA, reference signal, etc.) need to be modified for supporting SB-FD. 
In this sense, followings need to be studied: 
· Whether multiple configurations for MIMO are allowed for a BWP.
· Which MIMO related configuration (e.g., antenna configuration, beam management, power control, CSI measurement/report, reference signal, etc.) is applied depending on SBFD symbol and non-SBFD symbol.

Proposal 18: followings are studied: 
· Whether multiple configurations for MIMO are allowed for a BWP.
· Which MIMO related configuration (e.g., antenna configuration, beam management, power control, CSI measurement/report, reference signal, etc.) is applied depending on SBFD symbol and non-SBFD symbol.


Interference handling 
In SBFD, performance degradation could be caused due to various type of interference (i.e., self-interference, UE2UE Cross Link Interference (CLI), BS2BS CLI, inter-carrier interference between operators).  In order to fully take advantage from SB-FD, interference handling method should be studied in Rel-18 DE SI. 

3.1 Cross Link Interference Handling
UE-to-UE co-channel CLI measurement/reporting
For UE-to-UE co-channel CLI measurement, following was agreed in RAN1#110 meeting [4]:
	Proposed Agreement:
Study the feasibility and potential benefit of UE-to-UE co-channel CLI measurement and reporting, which can be specific for SBFD, at least includes:
· Measurement resource/reporting configuration
· Measurement/reporting details (including UE processing delay)
· Relevant information exchange (between gNBs) if needed
· Usage of measurement at gNB
Note: other enhancement(s) for gNB-to-gNB and UE-to-UE CLI handling specific for SBFD are not precluded.



For UE-to-UE co-channel CLI measurement, following was agreed in RAN1#110-bis-e meeting [5]:
	Agreement
Study impact/potential enhancements for UE-to-UE CLI-RSSI measurement/report considering non-contiguous measurement resource in frequency.



In Rel-16 CLI handling WI, CLI-RSSI measurement/report was specified based on the assumption of using contiguous time/frequency resource for CLI-RSSI measurement. Also, it was assumed that UE operates CLI-RSSI measurement on the active DL BWP which has contiguous DL resources. 
In SBFD case, UE(s) which is indicated UL transmission in UL subband causes UE-to-UE CLI to an intra-cell inter-UE(s) which tries to receive DL signal/channel in DL subbband. It is expected that he measured strength of CLI may be different depending on the position of DL. But, if the UE-to-UE CLI-RSSI measurement/report is taken non-contiguous measurement resource in frequency into account, the measured strength of CLI is averaged over the non-contiguous measurement resource. Hence, it is hard to determine which part of DL subband is suffered from intra-cell inter-UE CLI. In this aspect, for UE-to-UE CLI-RSSI measurement/report considering non-contiguous measurement resource in frequency, the use cases and potential benefits should be justified. 

Observation 2: If the UE-to-UE CLI-RSSI measurement/report is taken non-contiguous measurement resource in frequency into account, the measured strength of CLI is averaged over the non-contiguous measurement resource. Hence, it is hard to determine which part of DL subband is suffered from intra-cell inter-UE CLI.
Proposal 19: For UE-to-UE CLI-RSSI measurement/report considering non-contiguous measurement resource in frequency, the use cases and potential benefits should be justified.


In case of SBFD, both intra-cell UE2UE CLI and inter-cell UE2UE CLI can be appeared, which is different from dynamic TDD scenario. For inter-cell UE2UE CLI handling, L3 based CLI measurement and reporting (i.e., L3 CLI-RSSI and SRS-RSRP) can be reused. On the other hand, for intra-cell UE2UE CLI handling, L1/L2 based CLI measurement and reporting can be applied, which was proposed as one of candidates for UE2UE CLI handling in Rel-16 CLI/RIM WI.
In addition, for inter-subband CLI measurement, CLI-RSSI can be configured, basically. But, for inter-subband CLI measurement, SRS-RSRP measurement seems not feasible because UE monitors emission power from inter-subband. For operating SRS-RSRP of inter-subband CLI measurement, it seems some enhancement is required. For example, For UE-to-UE SRS-RSRP measurement/report for non-contiguous measurement resource, measurement gap for measurement inter-subband can be studied. UE-to-UE SRS-RSRP measurement within active DL BWP with wide bandwidth can be studied. 

Proposal 20: For SB-FD specific UE-to-UE Cross Link Interference handling, followings can be studied. 
· Measurement gap for measurement inter-subband for UE-to-UE SRS-RSRP measurement/report for non-contiguous measurement resource 
· UE-to-UE SRS-RSRP measurement within active DL BWP with wide bandwidth
· L1/L2 based CLI measurement and reporting for intra-cell UE2UE CLI management


gNB-to-gNB co-channel CLI measurement
When SBFD is operated, UL performance would be degraded due to severe inter-cell BS2BS CLI. In our companion contribution [2], UL performance due to inter-subband emission from DL subband of aggressor gNB is observed. In addition, intra-subband CLI could be appeared if frequency position for subbands designated for DL transmission and UL reception is not same at each gNBs. In order for handling inter-subband emission and/or intra-subband CLI from aggressor gNB, interference management schemes (e.g., long-term CLI measurement, scheduling, link adaption, power control, etc) can be studied. 


3.2 Self-Interference Cancellation/Mitigation
Time boundary alignment
For supporting SB-FD operation, time boundary alignment between UL and DL within a slot for SB-FD should be studied. Following two candidates of time boundary alignment (i.e., symbol level and slot level) can be considered for study. 
Firstly, symbol boundary alignment between DL signal/channel and UL signal/channel could be assumed. One of challenging point of operating SB-FD is how to reduce self-interference. Symbol level alignment could be helpful to adopt simplified implementation of self-interference cancelation (SIC) receiver in digital domain. On the other hand, in this case, since UL symbol boundary should be aligned to DL symbol boundary, the time grid of UL symbol within slot for SB-FD is different from the time grid of UL symbol within slot for HD TDD. Hence, two different values of NTA,offset for UL transmission in UE side could be required depending on slots where HD TDD is operated or SB-FD is operated.  
Secondly, slot boundary alignment between DL and UL could be assumed. In this case, symbol boundary alignment between DL and UL within slots for SB-FD is not required. Depending on implementation of SIC receiver, SIC can be operated even if symbol boundary between DL and UL is not aligned. One of advantage of slot level alignment without symbol level alignment is to keep the time grid of UL symbol between slot for SB-FD and slot for HD TDD. 
[bookmark: _GoBack]In RAN1#110-bis-e meeting, there was a discussion whether or not to study impact/potential enhancements of potential unaligned slot/symbol boundary for DL and UL subbands in SBFD symbols [5].
There was a same discussion in eIAB for supporting FDM operation between DU and MT when simultaneous operation is enabled. The conclusion is aligned slot boundary without symbol boundary alignment. Unaligned symbol boundary between UL and DL in SBFD symbols could not have a significant impact on the level of self-interference. But the slot boundary should be aligned to prevent significant interference to the other cells and/or carrier.

Proposal 21: Study time boundary alignment between UL and DL within a slot for SB-FD. Following options can be studied.
· Option 1: Symbol boundary alignment between DL signal/channel and UL signal/channel
· Option 2: Slot boundary alignment without symbol boundary alignment between DL signal/channel and UL signal/channel


Self-Interference cancellation/mitigation
For Self-Inference (SI) cancellation/mitigation, information of transmitted signal/channel can be fully shared between transmitter and receiver via internal interface, which is different characteristic from CLI handling. For example, beam management for DL transmission and UL reception can be applied simultaneously. Also, DL power adjustment and UL power control can be applied simultaneously for reduction of self-interference and increasing of received power level of desired signal/channel which is transmitted with higher power from UE according to power control indication of gNB. In addition, various types of implementation (e.g., antenna separation, RF level SI cancellation, Baseband level SI cancellation, subband filtering, etc.) can be applied. 
Proposal 20: For self-Interference cancellation/mitigation method for SB-FD, followings can be studied. 
· Simultaneous beam management for DL transmission and UL reception
· Simultaneous power control for DL transmission and UL reception
· gNB implementation for Self-Interference cancellation/mitigation (e.g., antenna separation, RF level SI cancellation, baseband level SI cancellation, subband filtering, etc.)


Summary
In this contribution, we discussed on the subband non-overlapping full duplex. 

1. General Aspects of SBFD scheme
Configuration of subband frequency location for SBFD operation
Proposal 1: Explicit indication of frequency location of guard subband is not required. 
Proposal 2: Explicit indication of DL subband related frequency location is provided to the SBFD-aware UE. Following two alternatives can be studied. 
· Alt.1: Indication of frequency location where reception for DL signal/channel is permitted.  
· Alt.2: Indication of frequency location where reception for DL signal/channel is not permitted.

Proposal 3: For a BWP / Carrier for SBFD operation, additional parameter for resource indicator value (RIV) is introduced (e.g., indication of a resource blocks which is not used for the BWP / Carrier, or indication of a resource blocks which is non-contiguous resource, or indication of a resource blocks with narrower bandwidth, etc.).

Proposal 4: Study the details of indicating frequency location of UL/DL subband
· For subcarrier spacing for subband indication, the following two alternatives can be studied.
· Alt.1: Subband is indicated by each subcarrier spacing which are used in the carrier
· Alt.2: Subband is indicated by reference subcarrier spacing.
· Granularity of subband indication
· PRB or PRB Group
· Starting PRB(PRB Group)
· Explicit indication 
· Candidate frequency location (e.g., edge, middle of system bandwidth)
· Bandwidth
· Only continuous resource block
· Both continuous resource block and non-continuous resource block
· Whether unaligned RBG Grid (or PRB Grid) can be allowed.

Potential enhancements to resource allocation in frequency-domain for SBFD operation
Proposal 5: Study whether/how different length of available BW of a BWP depending on time resource for HD or SB-FD is supported.  
· UE behavior depending on frequency resource of DL/UL for half duplex time resource and SBFD time resource (e.g., UL frequency hopping, PUCCH resource allocation in frequency domain, SRS resource configuration, UL/DL FDRA, CSI-RS resource, DL Measurement, CSI measurement and reporting, etc.)

Proposal 6: Single value of RBG size for PDSCH RA type 0 is used for both SBFD symbol and non-SBFD symbol.
Proposal 7: CRI reporting and Rank/PMI/CQI reporting needs to be configured independently for SBFD symbol and non-SBFD symbol. The granularity of RBG needs to be aligned between SBFD symbol and non-SBFD symbol.
Proposal 8: For supporting non-contiguous resource block within DL subband, enhancement of frequency domain indication for CSI-RS resource configuration is required. 
· Parameters such as starting RB and bandwidth which are used to indicate the frequency resource is not used for DL reception can be added to the current configuration of CSI-RS resource.
Proposal 9: Use single value of PRG of PDSCH for SBFD symbol and non-SBFD symbol within a DL BWP.

How to determine UL transmission and DL reception for a SBFD aware UE
Proposal 10: Followings should be studied. 
· When a symbol is indicated as SBFD symbol, whether it allows to be used to a DL-only symbol at the symbol configured as DL in TDD-UL-DL-ConfigCommon.
· When a symbol is indicated as SBFD symbol, whether it allows to be converted to a DL-only symbol or UL-only symbol at the symbol configured as flexible in TDD-UL-DL-ConfigCommon.
· When a symbol is indicated as SBFD symbol, how to determine DL reception within DL subband(s) or UL transmission within UL subband at the SBFD symbol.

Observation 1: Even if gNB indicates SBFD symbol, UE cannot determine which direction such as downlink and uplink is indicated in the time resource.
Proposal 11: Following the indication from gNB, UE may operate one behaviour among DL reception within DL subband, UL transmission within UL subband, and DL reception within the whole BW of the DL BWP (or UL transmission within the whole BW of the UL BWP).

Proposal 12: A symbol can be indicated as SBFD symbol, then converting to a DL-only symbol is allowed.


TDD configuration for supporting SB-FD
Proposal 13: Study whether TDD configuration mechanism should be updated for supporting SB-FD operation. If it is agreed that enhancement of TDD configuration for SB-FD operation is studied, following can be studied.
· Which type of TDD configuration needs to be enhanced for supporting SB-FD operation
Proposal 14: Study whether multiple type of TDD UL/DL pattern can be allowed for BWPs when SB-FD operation is adopted.


Configuration of subband time location for SBFD operation
Proposal 15: For semi-static configuration of subband time locations for SBFD operation, following options can be studied 
· Option 1: Indicate each slot within a period where SB-FD operation is allowed 
· Option 2: Indicate start time resource and number of contiguous time resource within a period where SB-FD operation is allowed.
Proposal 16: For supporting SB-FD operation, two alternatives can be studied. 
· Alt.1: Converting to DL only or UL only operation is allowed in the SB-FD symbol for the special purpose (e.g., L3 measurement, CORESET 0 monitoring, SS/PBCH reception, etc.)
· Alt.2: Current UL/DL collision handling rule is modified for the special purpose (e.g., L3 measurement, CORESET 0 monitoring, SS/PBCH reception, etc.)


SBFD operation for UE in RRC_IDLE/Inactive states
Proposal 17: Study SBFD operation for UE in IDLE/Inactive state.


SBFD symbol and Non-SBFD symbol
Proposal 18: followings are studied: 
· Whether multiple configurations for MIMO are allowed for a BWP.
· Which MIMO related configuration (e.g., antenna configuration, beam management, power control, CSI measurement/report, reference signal, etc.) is applied depending on SBFD symbol and non-SBFD symbol.


2. Interference handling
Cross Link Interference Handling
Observation 2: If the UE-to-UE CLI-RSSI measurement/report is taken non-contiguous measurement resource in frequency into account, the measured strength of CLI is averaged over the non-contiguous measurement resource. Hence, it is hard to determine which part of DL subband is suffered from intra-cell inter-UE CLI.
Proposal 19: For UE-to-UE CLI-RSSI measurement/report considering non-contiguous measurement resource in frequency, the use cases and potential benefits should be justified.

Proposal 20: For SB-FD specific UE-to-UE Cross Link Interference handling, followings can be studied. 
· Measurement gap for measurement inter-subband for UE-to-UE SRS-RSRP measurement/report for non-contiguous measurement resource 
· UE-to-UE SRS-RSRP measurement within active DL BWP with wide bandwidth
· L1/L2 based CLI measurement and reporting for intra-cell UE2UE CLI management


Self-Interference Cancellation/Mitigation
Proposal 21: Study time boundary alignment between UL and DL within a slot for SB-FD. Following options can be studied.
· Option 1: Symbol boundary alignment between DL signal/channel and UL signal/channel
· Option 2: Slot boundary alignment without symbol boundary alignment between DL signal/channel and UL signal/channel
Proposal 20: For self-Interference cancellation/mitigation method for SB-FD, followings can be studied. 
· Simultaneous beam management for DL transmission and UL reception
· Simultaneous power control for DL transmission and UL reception
· gNB implementation for Self-Interference cancellation/mitigation (e.g., antenna separation, RF level SI cancellation, baseband level SI cancellation, subband filtering, etc.)
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