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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: OLE_LINK12]During RAN1#111 meeting, the following agreements were achieved for SBFD operation.
[bookmark: _Hlk111106444]---------------------------------------------------------------------------------------------------------------------------------------
Agreement
For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, the following is agreed as baseline in the RAN1 study:
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· The frequency location of DL subband(s) can be explicitly indicated or implicitly derived
· DL receptions within DL subband(s) are allowed in the symbol
· Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol

Agreement
For 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.

Agreement
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.

Agreement
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, study the following options for SBFD aware UEs,
Option 1: 
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
· FFS: Whether DL receptions outside DL subband(s) are allowed or not in the symbol
Option 2: 
· UL transmissions within UL subband are allowed in the symbol
· The RBs outside the UL subband can be used as either UL, or DL excluding guardband(s) if used, in the symbol from gNB’s perspective, and the transmission direction for all those RBs is the same
· FFS: SBFD aware UE behaviours
· FFS: Whether or not signalling of guardband(s) is needed
· FFS: Whether or not the symbol can be converted to a DL-only symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
[bookmark: _GoBack]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

Agreement
[bookmark: _Hlk118276291]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
---------------------------------------------------------------------------------------------------------------------------------------
In this contribution, configuration and indication of SBFD resource, as well as SBFD operation, is discussed firstly, followed by discussions on potential enhancements for SBFD. In addition, CLI handling is also discussed briefly in the last part.

2. SBFD resource configuration and operation
Regarding configuration and/or indication of SBFD resource, the primary issue is where to perform SBFD operation. In frequency domain, BWP pair level or TDD carrier level of SBFD resource in terms of e.g. subband(s) can be considered. In time domain, assuming a TDD pattern e.g. DDDSU is configured for the TDD carrier, based on discussions and achieved agreements during RAN1#111 meeting, it is common understanding that both semi-static DL symbol(s) and semi-static flexible symbol(s) are considered as candidates to be configured as SBFD symbol, where semi-static DL/UL/flexible symbol(s) is configured by tdd-UL-DL-ConfigurationCommon and/or tdd-UL-DL-ConfigurationDedicated.

2.1. Semi-static configuration
During RAN1#110 meeting, it was agreed that semi-static configuration of subband time and frequency location is the baseline, and same subband frequency resources across different SBFD symbols is the baseline. In the following section, semi-static configuration of subband frequency location is discussed at first, followed by that of subband time location.

2.1.1. Subband frequency location
During RAN1#110bis-e meeting, regarding maximum number of UL subbands within a TDD carrier, the following agreement was achieved.
Agreement
The maximum number of UL subbands for SBFD operation in an SBFD symbol (excluding legacy UL symbol) within a TDD carrier is one for the study in RAN1.
· The UL subband can be located at one side of the carrier.
· The UL subband can be located at the middle part of the carrier, subject to RAN4’s study and conclusion
Note: RAN1 considers the above two possibilities unless RAN4 concludes that any one is infeasible.
Note: Two UL subbands for SBFD operation in an SBFD symbol within a TDD carrier due to SBFD operation in legacy UL symbols is subject to further RAN1 discussions which is 2nd priority as per RAN guidance.
Send an LS to RAN4 to inform the above agreement. If RAN4 has response, it will be taken into account but in the meanwhile, RAN1 work will continue based on the above.
LS on maximum number of UL subbands for duplex evolution to RAN4 is endorsed. Final LS in R1-2210671.


During RAN1#111 meeting, regarding reference point for configuration of frequency location of UL/DL subband(s), the following agreement was achieved.
Agreement
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.


On one hand, it is common understanding that from gNB’s perspective, for a DL/flexible symbol, a part of frequency resources within a TDD carrier can be used for UL transmission, i.e., SBFD operation. The part of frequency resources can be regarded as a sub-pool from the whole pool of frequency resources for the TDD carrier. In this regard, the UL subband is common to all SBFD aware UEs served by the TDD carrier, and can be configured in carrier/serving cell level. Besides, the configuration signaling can be concise and straightforward, since it has been agreed that frequency location of UL/DL subband is a configured with reference to CRB grid. For a BWP pair configured for the TDD carrier/serving cell, actual UL subband to be applied can be derived based on the UL BWP of the BWP pair and the frequency location of the UL subband configured for the TDD carrier/serving cell.
On the other hand, it is also feasible to configure the UL subband in BWP level, as long as the gNB can manage UL subband related configurations based on the planed sub-pool of UL resources, i.e. planned UL subband for the TDD carrier from gNB’s perspective, which is up to gNB implementation. Since the UE normally works with an active BWP pair, then it is easier and straightforward to apply the subband division within the active BWP pair, and the UL subband is naturally confined in the BWP pair. Besides, configuration of UL subband can be adapted to more properly match other signaling configured in the same BWP pair, e.g., to achieve separate configurations of channels/signals for SBFD symbols and non-SBFD symbols.
In summary, there are different benefits for subband(s) configured in either carrier/serving cell level, or in BWP level.  From our perspective, it is slightly preferred to configure subband(s) in carrier/serving cell level.
However, it is preferred that subband(s) is configured by UE-specific signaling, since different configurations may be expected by SBFD aware UEs and non-SBFD aware UEs, and more flexibility and extendibility can be achieved by UE-specific signaling. 
Proposal 1: For SBFD operation, subband(s) is configured in carrier/serving cell level by UE-specific signaling. 

During RAN1#110bis-e meeting, regarding semi-static configuration of subband frequency location, the following agreement was achieved.
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.


To configure the frequency domain pattern for SBFD, frequency location and transmission direction of subband(s) should be considered.
Regarding configuring frequency location of subband(s), there are following options.
· Option 1: Frequency location of each subband is explicitly configured, and frequency location(s) of guardband(s), if any, can be derived implicitly. 
As shown in Figure 1, three subbands are configured, and one UL subband is configured in the middle part, two subbands are configured corresponding to two sides with transmission directions configured/derived as DL, which will be further discussed in the following section. The PRBs which are not within any configured subband can be considered as guardband(s). 


[bookmark: _Ref118290887]Figure 1: An example of frequency domain pattern as (D-U-D) for SBFD
· Option 2: Only frequency location of the UL subband, as well as that of guardband(s), if any, is configured, and frequency location(s) of other subband(s) can be derived implicitly.
For Option 2, the frequency resources not covered by the configured UL subband within the TDD carrier, excluding frequency resources configured as guardband(s) if any, can be regarded as belonging to a single subband, or each contiguous part of them can be regarded as a subband. 
Proposal 2: To configure frequency location of subband(s) for SBFD, the following two options can be considered:
· Option 1: Frequency location of each subband is explicitly configured, and frequency location(s) of guardband(s), if any, can be derived implicitly.
· [bookmark: _Hlk115448254]Option 2: Only frequency location of the UL subband, as well as that of guardband(s), if any, is configured, and frequency location(s) of other subband(s) can be derived implicitly.

Regarding transmission direction of subband(s) other than the UL subband, it is related to where the subband(s) locates, i.e. in semi-static DL symbols or semi-static flexible symbols. From our perspective, transmission direction of subband(s) other than the UL subband can be derived implicitly. To be specific, transmission direction of subband(s) other than the UL subband is derived as DL in semi-static DL symbols, i.e. DL subband(s), and as flexible in semi-static flexible symbols, i.e. flexible subband(s).  
Proposal 3: For SBFD, transmission direction of subband(s) other than the UL subband is implicitly derived based on where the subband(s) locates, i.e. transmission direction of subband(s) other than the UL subband is derived as DL in semi-static DL symbols, and as flexible in semi-static flexible symbols.

When there is flexible subband(s) in semi-static flexible symbols, transmission direction of each flexible subband in semi-static flexible symbol(s) can be determined based on other existing dynamic signaling, e.g. scheduling DCI and/or SFI, similar to legacy operation in semi-static flexible symbols. However, based on previous discussions, the UL subband size is semi-statically configured and is considered not to be changed dynamically to reduce the gNB’s implementation complexity. Therefore, even if the flexible subband can be further changed to DL or UL, it does not mean that the UL subband’s frequency-domain boundary will be changed. Taking the SBFD frequency pattern (F-U-F) in semi-static flexible symbol(s) as an example, if the semi-statically configured UL subband in the flexible symbol(s) is valid or applicable (the details on the applicability for the SBFD frequency pattern will be discussed in section 2.2), each of the flexible subbands can be dynamically indicated or overridden as DL, then the frequency pattern becomes (D-U-D); or each of the flexible subbands can be dynamically indicated or overridden as UL, then the frequency pattern becomes (U-U-U), i.e., turning the flexible symbol(s) into full UL symbol(s). Since the dynamic signaling for overriding a flexible subband is fully under gNB’s control, the gNB should avoid the boundary of UL frequency resources not to be consistent with that of the UL subband or the whole UL BWP/TDD carrier, e.g. a resulting frequency pattern of (U-U-D) or (D-U-U). In this regard, more flexibility can be achieved at gNB side without additional signaling overhead and the benefits of non-transparent way for SBFD operation can be fully obtained. 
Proposal 4: For SBFD operation in semi-static flexible symbol(s), resources in flexible subband(s) can be used as UL or DL without changing the UL subband size in frequency domain based on existing signaling.

2.1.2. Subband time location
During RAN1#110bis-e meeting, regarding semi-static configuration of subband time location, the following agreement was achieved.
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.


Regarding the period in the above agreement, at least the following two options can be identified. 
· Option 1: The period is determined by periodicity of the configured TDD pattern, e.g. DDDSU.
· Option 2: The period is determined by a new configured periodicity. 
Within the period, a set of semi-static DL/flexible symbol(s) can be configured as SBFD symbol(s), where the configured one or more subbands apply. 
For Option 2, alternatively, a duration and/or offset for the new configured periodicity may also be configured additionally. Taking the case where only one subband is configured with corresponding periodicity, as well as duration and/or offset, as an example, the UE can perform UL transmission within the subband during the configured duration of a period based on the newly configured periodicity, as well as offset if applicable, and perform DL reception within the subband during other time of the period. In other words, there is an UL subband with ON/OFF operation based on the new configured periodicity and duration/offset. 
Proposal 5: For explicit configuration of SBFD subband time locations within a period, the following two options can be considered to determine the period:
· Option 1: The period is determined by periodicity of the configured TDD pattern.
· Option 2: The period is determined by a new configured periodicity.

2.2. SBFD operation
During RAN1#111 meeting, SBFD operations in semi-static DL symbol and semi-static flexible symbol were discussed separately, with respective agreements as below.
Agreement
For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, the following is agreed as baseline in the RAN1 study:
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· The frequency location of DL subband(s) can be explicitly indicated or implicitly derived
· DL receptions within DL subband(s) are allowed in the symbol
· Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol


Agreement
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, study the following options for SBFD aware UEs,
Option 1: 
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
· FFS: Whether DL receptions outside DL subband(s) are allowed or not in the symbol
Option 2: 
· UL transmissions within UL subband are allowed in the symbol
· The RBs outside the UL subband can be used as either UL, or DL excluding guardband(s) if used, in the symbol from gNB’s perspective, and the transmission direction for all those RBs is the same
· FFS: SBFD aware UE behaviours
· FFS: Whether or not signalling of guardband(s) is needed
· FFS: Whether or not the symbol can be converted to a DL-only symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol for both options. For all RBs outside the UL subband, UE cannot use separate RBs for DL and UL simultaneously


In the following sections, SBFD operations in semi-static DL symbol and semi-static flexible symbol will be discussed respectively.

2.2.1. SBFD operation in semi-static DL symbol
For an SBFD aware UE, UL transmission can be scheduled/configured within the UL subband in a semi-static DL symbol configured as an SBFD symbol when needed, then SBFD operation is performed actually. However, one issue remains which is actually common for both SBFD operations in semi-static DL symbols and semi-static flexible symbols, that is whether the semi-statically configured UL subband in such SBFD symbols can be disabled by some L1 signalling so that legacy non-SBFD operation can be applied. 
From gNB’s perspective, it is understood that it is not preferred to dynamically change the UL subband boundary in frequency domain. However, in time domain, if the UL subband semi-statically configured for SBFD symbols means resources in the UL subband are always reserved for UL, it may be inefficient for resource usage and DL/UL traffic adaptation. From our perspective, for the SBFD aware UE, if DL reception is scheduled within the frequency boundary of the configured UL subband in the symbol, it means that the gNB would like to disable SBFD operation in the symbol e.g. all resources in frequency domain of the BWP/carrier are regarded as DL, then the UE behavior in the symbol falls back to Rel-15/16/17 UE behavior for semi-static DL symbol, e.g. only DL reception(s) can be performed in the symbol. In this regard, there is actually no UL subband within the frequency boundary of the configured UL subband in the symbol. 
To achieve the above SBFD operation, there can be two options that can complement each other. One option is to dynamically indicate whether to apply the SBFD frequency pattern in SBFD symbols or not, where a dedicated dynamic indication may be introduced which can be used not only for scheduled UEs, but also for non-scheduled UEs. If the dynamic indication indicates that SBFD operation within a SBFD symbol is disabled, UE behavior in this symbol will fall back to legacy UE behavior. The other option of dynamic indication on whether or not to apply SBFD frequency pattern in SBFD symbols is based on the scheduling DCI, as already discussed during previous meetings.
Proposal 6: For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, DL receptions outside DL subband(s) are allowed in the symbol, i.e., it can be converted to DL-only symbol.
· [bookmark: _Hlk127365880]FFS signalling design for such conversion. 

2.2.2. SBFD operation in semi-static flexible symbol
For SBFD operation in semi-static flexible symbols, two options are listed in the agreement achieved during RAN1#111 meeting for further down-selection. Option 1 means same UE behaviors are applied for SBFD operations in semi-static DL symbols and semi-static flexible symbols configured with UL subband, while Option 2 can provide more flexibility for semi-static flexible symbols configured with UL subband. To improve resource efficiency and achieve more flexibility, Option 2 is preferred. 
Similar to the above discussion on SBFD operation in semi-static DL symbols, for an SBFD aware UE, UL transmission can be scheduled within the UL subband in a semi-static flexible symbol configured as an SBFD symbol, then SBFD operation is performed actually. On the contrary, if DL reception is scheduled within the frequency boundary of the configured UL subband (denoted as Case 1), or, if UL transmission is scheduled outside the frequency boundary of the configured UL subband (denoted as Case 2), it means that the gNB would like to disable SBFD operation in the symbol, and UE behavior in the symbol falls back to Rel-15/16/17 UE behavior for semi-static flexible symbol. Then, for Case 1, the semi-static flexible symbol becomes a full DL symbol; for Case 2, the semi-static flexible symbol becomes a full UL symbol. In this regard, there is actually no UL subband in the semi-static flexible symbol. Besides, when the UL subband does not exist actually, the transmission direction for the semi-static flexible symbol can be determined following existing specification, e.g. by scheduling DCI and/or SFI.
Similarly, to convert a semi-static flexible symbol configured with UL subband to a full DL or full UL symbol, the two options discussed for SBFD operation in semi-static DL symbols can also be considered.
Proposal 7: For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon,
· UL transmissions within UL subband are allowed in the symbol
· [bookmark: _Hlk127365473]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
· In case the RBs outside the UL subband are used as DL, SBFD aware UE behaviour in the symbol is the same as that in a DL symbol configured with UL subband. 
· The symbol can be converted to a DL-only symbol
· In case the RBs outside the UL subband are used as UL, SBFD aware UE behaviour in the symbol is the same as legacy UE behaviour in a UL symbol. 
· The symbol is converted to a UL-only symbol
· FFS signalling design for conversion to DL-only and UL-only 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
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]For a symbol semi-statically configured with UL subband, and configured as flexible in TDD-UL-DL-ConfigCommon (denoted as the symbol i hereafter), interaction with TDD-UL-DL-ConfigDedicated and/or dynamic SFI should be further discussed. 
· Interaction with TDD-UL-DL-ConfigDedicated
In Rel-15/16/17, a symbol configured as flexible in TDD-UL-DL-ConfigCommon can be further overridden as DL/UL by TDD-UL-DL-ConfigDedicated with UE specific RRC signaling.
If the symbol i is overridden as DL or UL by TDD-UL-DL-ConfigDedicated, then the symbol i becomes a semi-static DL or UL symbol, respectively. If the symbol i is overridden as semi-static DL symbol, SBFD operation for semi-static DL symbol will be performed for the symbol i naturally. Otherwise, if the symbol i is overridden as semi-static UL symbol, the symbol i should be used as a UL-only symbol.
If the symbol i remains flexible with TDD-UL-DL-ConfigDedicated, i.e. semi-static flexible symbol configured by TDD-UL-DL-ConfigCommon and TDD-UL-DL-ConfigDedicated, SBFD operation in flexible symbols as discussed in Proposal 7 can be performed naturally.
Alternatively, the UE does not expect the symbol i to be overridden as DL or UL by TDD-UL-DL-ConfigDedicated.
· Interaction with dynamic SFI
In Rel-15/16/17, a UE may be configured to monitor PDCCH for DCI format 2_0, i.e. dynamic SFI. If a detected DCI format 2_0 indicates a semi-static flexible symbol as DL or UL, only DL reception(s) or UL transmission(s) can be performed in this symbol; otherwise, if the detected DCI format 2_0 indicates the semi-static flexible symbol as flexible, only dynamically scheduled DL reception(s)/UL transmission(s) can be performed in this symbol. 
Obviously, at least when the detected DCI format 2_0 indicates the semi-static flexible symbol configured with UL subband as DL, UL transmission(s) may be allowed within the UL subband in this symbol, which is not consistent with legacy UE behavior. Therefore, study of potential enhancement(s) is need on interaction with dynamic SFI.
Proposal 8: For a SBFD aware UE semi-statically configured with UL subband in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, study interaction with TDD-UL-DL-ConfigDedicated and/or dynamic SFI.

3. Potential enhancements for SBFD
3.1. Collision handling in time domain
In a SBFD symbol, both UL transmission and DL reception may be configured semi-statically or scheduled dynamically. Meanwhile, at a time, a half-duplex UE can only perform the UL transmission or the DL reception. Therefore, prioritization rule(s) may be required for the UE based on following identified collision cases.
· Case 1: Configured UL transmission(s) and configured DL reception(s) in the same SBFD symbol
· Case 2: Configured UL transmission(s) and scheduled DL reception(s) in the same SBFD symbol
· Case 3: Scheduled UL transmission(s) and configured DL reception(s) in the same SBFD symbol
· Case 4: Scheduled UL transmission(s) and scheduled DL reception(s) in the same SBFD symbol
For these cases,
· Configured UL transmission(s) can be PRACH transmission(s), CG PUSCH transmission(s), periodic or semi-persistent PUCCH transmission(s), periodic or semi-persistent SRS transmission(s), etc.
· Configured DL reception(s) can be SSB reception(s), PDCCH monitoring including that in CORESET#0, SPS PDSCH reception(s), periodic or semi-persistent CSI-RS reception(s), etc.
· Scheduled UL transmission(s) can be DG PUSCH transmission(s), aperiodic PUCCH transmission(s), aperiodic SRS transmission(s), etc.
· Scheduled DL reception(s) can be DG PDSCH reception(s), aperiodic CSI-RS reception(s), etc.
[bookmark: _Ref111190561]Proposal 9: For time domain conflict of UE’s UL and DL operation in the same SBFD symbol for SBFD aware UE, the following cases can be considered:
· Case 1: Configured UL transmission(s) and configured DL reception(s) in the same SBFD symbol.
· Case 2: Configured UL transmission(s) and scheduled DL reception(s) in the same SBFD symbol.
· Case 3: Scheduled UL transmission(s) and configured DL reception(s) in the same SBFD symbol.
· Case 4: Scheduled UL transmission(s) and scheduled DL reception(s) in the same SBFD symbol.
· Case 4 can be agreed as an error case.

Related to the collision case, one issue is whether to support SBFD operation in SSB symbols, for whichan agreement was made in RAN1#110b-e meeting.
Agreement
Study whether SBFD operation in SSB symbols is supported or not.

SSB detection/measurement is involved in many cases/functions/procedures, such as initial access, beam management, radio link monitoring, mobility related measurement and reporting, etc. Besides, SSB detection/measurement is performed by all UEs in the network, including legacy UEs, SBFD aware UEs, etc. Therefore, SSB performance should be protected as much as possible, especially for legacy UEs.
Based on the above analysis, it is preferred to not support SBFD operation in SSB symbols.
Proposal 10: SBFD operation in SSB symbols is not considered.

3.2. UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols
During RAN1#111 meeting, regarding UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols, the following agreement was achieved.
Agreement
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.

Obviously, at least available frequency domain resources for DL and UL are different between SBFD symbols and non-SBFD symbols. Furthermore, applied antenna configuration (as well as related spatial domain characteristics), allowed/required power, etc. may be different as well, to control or mitigate various types of interferences, which is discussed in section 4.
To deal with only the difference of available frequency domain resources between SBFD symbols and non-SBFD symbols, a simple way is to apply a frequency offset between SBFD symbols and non-SBFD symbols. For example, for cases where multiple PUSCH/PUCCH transmissions or PDSCH receptions triggered by a single DCI, including scheduled TBoMS, multi-PUSCH/PDSCH scheduled by a single DCI, scheduled PDSCH/PUSCH/PUCCH with repetitions, to better match different available frequency domain resources in SBFD symbols and non-SBFD symbols, a frequency offset can be configured by RRC signaling or indicated by the DCI, and the frequency offset will be applied between two neighboring transmissions/receptions, of which one is within SBFD symbols and the other is within non-SBFD symbols. As a result, all transmissions/receptions are confined within available frequency domain resources of corresponding symbol types. An example for PUCCH transmission with repetitions across SBFD symbols and non-SBFD symbols is illustrated in Figure 2. 


[bookmark: _Ref127542411]Figure 2: A frequency offset between PUCCH repetitions in different symbol types
Besides, this way can also be used to resolve similar issue brought by inter-slot/intra-slot/inter-repetition/inter-group frequency hopping with DMRS bundling of PUSCH/PUCCH, if configured and/or indicated.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]If in addition to the difference of available frequency domain resources between SBFD symbols and non-SBFD symbols, other differences for other transmission/reception parameters as described above also need to be addressed, a more flexible way is to separately configure/indicate transmission/reception parameters, which are applied to SBFD symbols and non-SBFD symbols, respectively. In this way, frequency domain resources for UL transmissions/DL receptions can be configured/indicated with more flexibility, without the restriction to only apply a frequency offset for configured/indicated frequency domain resources between SBFD symbols and non-SBFD symbols.
Taking PUCCH as an example, in Figure 3 different PUCCH Configs are applied to different symbol types, i.e., a separate PUCCH Config is introduced for SBFD symbols, besides the existing PUCCH Config for legacy UL symbols. Each PUCCH Config can contain parameters better matching characteristics of the corresponding symbol type, including applied antenna configuration, power control, planned resources in frequency domain, etc.
Alternatively, each PUCCH resource in a shared PUCCH Config may be configured with one or two sets of parameters, of which one set is applied to SBFD symbols, and one set is applied to legacy UL symbols. For a PUCCH resource if only one set of parameters is configured, the only one set is commonly applied to both SBFD symbols and legacy UL symbols, otherwise separate sets are applied to different symbol types.
Note the shared PUCCH Config (for each PHY priority, if applicable) is applied commonly to any slot with available UL resources.


[bookmark: _Ref110881125]Figure 3: Separate PUCCH Configs for different symbol types
Based on the above, for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols, the following two options can be considered for potential enhancements:
· Option 1: A frequency offset is configured/indicated to only deal with the difference of available frequency domain resources between SBFD symbols and non-SBFD symbols.
· Option 2: Separate transmission/reception parameters are configured/indicated and applied to SBFD symbols and non-SBFD symbols, respectively, to deal with all potential differences.
Proposal 11: For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols, the following two options can be considered for potential enhancements:
· Option 1: A frequency offset is configured/indicated to only deal with the difference of available frequency domain resources between SBFD symbols and non-SBFD symbols.
· Option 2: Separate transmission/reception parameters are configured/indicated and applied to SBFD symbols and non-SBFD symbols, respectively, to deal with all potential differences.

Regarding the FFS point in the above agreement, i.e. if the PUCCH/PUSCH/PDSCH/PDCCH can be mapped to SBFD and non-SBFD in the same slot if configured, not allowing it can lead to simpler UE behaviours, with some loss in flexibility. 
In our opinion, to achieve more flexibility, for dynamically scheduled UL transmissions and DL receptions, they are allowed to be mapped to SBFD symbol(s) and non-SBFD symbol(s) in the same slot, since it is fully under gNB’s control. To avoid excessive complexity, it is preferred to occupy consistent frequency domain resources, other than different ones, across all symbols that a UL transmission/DL reception is mapped to. In the mapped SBFD symbol(s), if scheduled frequency domain resources overlap with a subband with different direction from the UL transmission/DL reception, dynamic overriding will be performed, i.e., the subband is overridden to the same direction as the UL transmission/DL reception, and the UL transmission/DL reception is performed with the scheduled frequency domain resources. Alternatively, to achieved more flexibility, the DCI scheduling the UL transmission/DL reception may dynamically indicate if the above dynamic overriding is applied or not. If the DCI indicates that dynamic overriding is not applied, rate matching around invalid REs resulting from overlapping of scheduled frequency domain resources with a subband with different direction can be performed at least for DL reception.
For semi-statically configured UL transmissions and DL receptions, flexibility is not so critical, therefore it is preferred to not allow them to be mapped to SBFD symbol(s) and non-SBFD symbol(s) in the same slot unless consistent frequency domain resources across all symbols that a UL transmission/DL reception is mapped to can be ensured.
Proposal 12: Dynamically scheduled UL transmissions and DL receptions is allowed to be mapped to SBFD symbol(s) and non-SBFD symbol(s) in the same slot, where dynamic overriding can be considered further.
Proposal 13: Semi-statically configured UL transmissions and DL receptions is not allowed to be mapped to SBFD symbol(s) and non-SBFD symbol(s) in the same slot or it is allowed only if consistent frequency domain resources across all symbols that a UL transmission/DL reception is mapped to is ensured.

3.3. CSI related enhancements
During RAN1#110bis-e meeting, regarding configuration of CSI-RS resource and CSI reporting, the following agreement was achieved.
Agreement
Study impact and potential enhancements of CSI-RS resource set frequency domain resource allocation and CSI reporting configuration across non-contiguous DL subbands.


Here non-contiguous DL subbands are closely related to the SBFD frequency pattern (D-U-D) as discussed above. When this SBFD frequency pattern is applied, a straightforward way is that configured NZP CSI-RS resources and/or CSI-IM resources are confined in a DL subband to avoid collision with a UL subband or guard band. However, such configuration would be restrictive. For example, CSI information across the whole BWP may be beneficial for DL frequency-selective scheduling, where the involved CSI resources will cross multiple subbands, including UL subband(s) and/or guard band(s). Besides, it would be hard to avoid collision especially if the SBFD pattern in time-domain can be disabled dynamically, as described in section 2.2. 
To address the above issue, potential enhancements can be studied from the following two aspects.
· CSI-RS resource configuration
CSI-RS resource configuration can be enhanced so that an NZP CSI-RS resource or CSI-IM resource can be allocated non-contiguous frequency resources to fit non-contiguous DL subbands. 
· CSI reporting operation
When performing CSI reporting, the UE can handle collision between NZP CSI-RS/CSI-IM resources and UL subband/guard band(s) based on predefined rules. 
For example, several CSI reporting configurations can be provided to the UE, each of which may be configured with NZP CSI-RS/CSI-IM resources corresponding to different bandwidths and/or locations, e.g. corresponding to a bandwidth across more than one subband, or confined within only one DL subband. The UE perform CSI measurement and reporting corresponding to a CSI reporting configuration only when for each of all involved NZP CSI-RS resources and/or CSI-IM resources for the CSI reporting configuration there is no collision/overlapping with UL subband or guard band(s) detected by the UE; otherwise, CSI measurement and reporting corresponding to the CSI reporting configuration will be skipped. The collision detection and skipping determination can be performed per CSI reporting occasion basis.
Alternatively, the UE performs CSI measurement and reporting for each CSI reporting configuration. For subband CSI reporting, in a CSI report the UE may skip the subband CSI corresponding to a CSI subband where collision between NZP CSI-RS/CSI-IM resources and UL subband/guard band(s) is detected. Similarly, for wideband CSI reporting, in a CSI report the UE may derive wideband CSI based on only CSI subband(s) where no collision is detected.
[bookmark: _Ref111190564]Proposal 14: For potential enhancements for CSI measurement and reporting for SBFD, the following can be considered:
· For CSI-RS resource configuration, an NZP CSI-RS resource or CSI-IM resource can be allocated non-contiguous frequency resources.
· When performing CSI reporting, the UE can handle collision between NZP CSI-RS/CSI-IM resources and UL subband/guard band(s) based on predefined rules.

There is another issue regarding resource allocation in frequency domain, i.e., unaligned boundaries between resource block group(s)/reporting subband(s) and SBFD subbands, with the following agreement achieved in RAN1#111 meeting, where two listed items are related to CSI measurement and reporting, i.e., CSI reporting configuration and CSI-RS resource configuration.
Agreement
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


For CSI-RS resource configuration, frequency domain resources of an NZP CSI-RS resource in RB level is configured by the starting RB startingRB and the number of RBs nrofRBs. Generally, startingRB is configured in relation to CRB 0, and only multiples of 4 are allowed for both parameters. In our opinion, it is enough to apply a legacy granularity of 4 RBs in frequency domain when configuring NZP CSI-RS resources on top of configured SBFD subbands, and the issue of unaligned boundaries between NZP CSI-RS resources and SBFD subbands may be negligible.
For CSI reporting configuration, csi-ReportingBand in the form of bitmap can be configured in a CSI-ReportConfig to indicate a contiguous or non-contiguous subset of subbands in the DL BWP which CSI shall be reported for. Besides, subbandSize can be configured in the CSI-ReportConfig to indicate one out of two possible BWP-dependent values for the subband size. With proper configuration of subbandSize, as well as the number of PRBs for the DL BWP, the issue of unaligned boundaries between CSI reporting configuration and SBFD subbands is under gNB’s control, which can be mitigated or resolved by gNB’s implementation.
In summary, issues of unaligned boundaries between CSI-RS resource configuration, as well as CSI reporting configuration, and SBFD subbands are not critical, and can be de-prioritized or studied with second/lower priority.
Proposal 15: Study on issues of unaligned boundaries between CSI-RS resource configuration, as well as CSI reporting configuration, and SBFD subbands is de-prioritized or only with second/lower priority.

4. CLI handling
4.1. [bookmark: _Hlk54103374]Handling of self-interference
During RAN1#109-e meeting, gNB self-interference modelling for system level simulation purpose was discussed extensively, and an LS [2] was sent to RAN4 after the meeting. After RAN1#110 meeting, a reply LS [3] was received, where initial value ranges of RSIC were provided, as well as other useful information, e.g. granularity in frequency domain, RSI dependency on Blocking and AGC, RSI dependency on gNB antenna and beam, etc. Currently RAN4 is still working on related issues, and it is expected that more input will be provided by RAN4 in future. Besides, handling of self-interference is more dependent on gNB implementation, spatial isolation, frequency isolation, RF isolation, beam isolation, and digital interference cancellation, etc.

4.2. Handling of UE-to-UE CLI
In Rel-18 SBFD operation, a UE operates at half duplex mode and would suffer co-channel inter-subband/intra- subband CLI and adjacent-channel CLI from other UEs within the same cell or neighbor cells. CLI mitigation schemes need to be considered to guarantee DL performance. 
Considering half duplex operation at UE side, and the fact that the size, power and processing capabilities at UE side are limited, any UE hardware changes and/or more stringent UE RF requirements to support SBFD operation at network side is strongly discouraged. Instead, the handling of UE-to-UE CLI may be largely based on network scheduling, as well as UE measurement. For example, the gNB can avoid scheduling two UEs with opposite transmission directions if the two UEs are identified as close to each other thus cause strong UE-to-UE CLI. 
[bookmark: _Ref102056923]Proposal 16: No UE RF impact for CLI handling is expected to avoid additional UE complexity introduced by Rel-18 SBFD operation. 

For UE-to-UE CLI handling, it may be beneficial for a gNB to be aware of the values or ranges of interferences involved in a DL reception, and perform DL scheduling and data transmission accordingly. This can be achieved by CSI measurement and reporting. For example, different NZP CSI-RS resources, as well as CSI-IM resources, can be used to measure different interference types, which can be configured to the UE in one or more CSI-ReportConfigs. Based on the CSI information in corresponding CSI report(s), the gNB can infer the desired information of CLI by proper implementation.
Proposal 17: CSI measurement and reporting can be used for interference measurement for UE-to-UE CLI handling.  

For UE-to-UE inter-subband CLI measurement, Rel-16 CLI measurement and reporting at UE side can be reused as much as possible. For example, the aggressor UE can be configured or triggered to transmit SRS in the UL subband, while the victim UE measures UE-to-UE CLI at the same time. Regarding how the victim UE to measure UE-to-UE CLI, the following two options can be considered:
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Option 1: The victim UE measures CLI within the DL subband(s).
· Option 2: The victim UE measures CLI within the UL subband.
For Option 1, the measured CLI can be used for gNB scheduling directly. However, accuracy of measurement may be an issue.
For Option 2, the measurement results cannot be used for gNB scheduling directly, and further derivation at gNB/UE side is required to obtain UE-to-UE inter-subband CLI. One point needs to mention is that the scheduling availability of UE during inter-subband CLI measurement should be kept the same as in Rel-16 as defined in TS 38.133.   
Proposal 18: Regarding how the victim UE to measure UE-to-UE CLI, the following two options can be considered:
· Option 1: The victim UE measures CLI within the DL subband(s).
· Option 2: The victim UE measures CLI within the UL subband.

Besides, other potential enhancements can be studied in Rel-18 as well, e.g. UL power control, L1-based UE-to-UE CLI measurement and reporting. More detailed information can be found in our companion contribution [1].

4.3. Handling of gNB-to-gNB CLI
In Rel-18 SBFD operation, co-channel inter-subband/intra-subband CLI and adjacent-channel CLI need to be handled at gNB side. 
Besides inter-subband CLI due to DL subband(s) and UL subband in SBFD symbol(s), when co-exist with gNBs incapable of SBFD, intra-subband CLI will be involved additionally. To handle inter-subband CLI, as well as intra-subband CLI, it is beneficial to exchange subband related configuration and/or information among gNBs, including configured/intended subband settings, interference information, recommended/restricted beam(s), etc. In addition, information about resource allocation in frequency domain may also be exchanged. As a result, coordinated configuration/indication and/or scheduling among gNB can he performed more effectively to avoid/mitigate inter-subband/intra-subband CLI. 
During RAN1#111 meeting, the following proposal was discussed and supported widely.
[bookmark: _Ref116138538]Proposal 3-4
Study exchange of intended subband configurations for SBFD operation across gNBs for coordinated scheduling for time/frequency resources between gNBs for gNB-to-gNB co-channel CLI handling.


We also support the above proposal, and the following is proposed.
Proposal 19: Study exchange of subband related configuration and/or information among gNBs, including configured/intended subband settings, interference information, recommended/restricted beam(s), as well as information about resource allocation in frequency domain.  

Besides, other potential enhancements can be studied in Rel-18 as well for handling of gNB-to-gNB CLI, e.g. CLI measurement among gNBs, transmission and reception timing adjustment. More detailed information can be found in our companion contribution [1].

5. Conclusion
In this contribution, we discuss configuration and indication of SBFD resources, SBFD operation, potential enhancements for SBFD, as well as CLI handling, and the following proposals are made.
Proposal 1: For SBFD operation, subband(s) is configured in carrier/serving cell level by UE-specific signaling. 
Proposal 2: To configure frequency location of subband(s) for SBFD, the following two options can be considered:
· Option 1: Frequency location of each subband is explicitly configured, and frequency location(s) of guardband(s), if any, can be derived implicitly.
· Option 2: Only frequency location of the UL subband, as well as that of guardband(s), if any, is configured, and frequency location(s) of other subband(s) can be derived implicitly.
Proposal 3: For SBFD, transmission direction of subband(s) other than the UL subband is implicitly derived based on where the subband(s) locates, i.e. transmission direction of subband(s) other than the UL subband is derived as DL in semi-static DL symbols, and as flexible in semi-static flexible symbols.
Proposal 4: For SBFD operation in semi-static flexible symbol(s), resources in flexible subband(s) can be used as UL or DL without changing the UL subband size in frequency domain based on existing signaling.
Proposal 5: For explicit configuration of SBFD subband time locations within a period, the following two options can be considered to determine the period:
· Option 1: The period is determined by periodicity of the configured TDD pattern.
· Option 2: The period is determined by a new configured periodicity.
Proposal 6: For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, DL receptions outside DL subband(s) are allowed in the symbol, i.e., it can be converted to DL-only symbol.
· FFS signalling design for such conversion. 
Proposal 7: For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon,
· 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
· In case the RBs outside the UL subband are used as DL, SBFD aware UE behaviour in the symbol is the same as that in a DL symbol configured with UL subband. 
· The symbol can be converted to a DL-only symbol
· In case the RBs outside the UL subband are used as UL, SBFD aware UE behaviour in the symbol is the same as legacy UE behaviour in a UL symbol. 
· The symbol is converted to a UL-only symbol
· FFS signalling design for conversion to DL-only and UL-only 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
Proposal 8: For a SBFD aware UE semi-statically configured with UL subband in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, study interaction with TDD-UL-DL-ConfigDedicated and/or dynamic SFI.
Proposal 9: For time domain conflict of UE’s UL and DL operation in the same SBFD symbol for SBFD aware UE, the following cases can be considered:
· Case 1: Configured UL transmission(s) and configured DL reception(s) in the same SBFD symbol.
· Case 2: Configured UL transmission(s) and scheduled DL reception(s) in the same SBFD symbol.
· Case 3: Scheduled UL transmission(s) and configured DL reception(s) in the same SBFD symbol.
· Case 4: Scheduled UL transmission(s) and scheduled DL reception(s) in the same SBFD symbol.
· Case 4 can be agreed as an error case.
Proposal 10: SBFD operation in SSB symbols is not considered.
Proposal 11: For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols, the following two options can be considered for potential enhancements:
· Option 1: A frequency offset is configured/indicated to only deal with the difference of available frequency domain resources between SBFD symbols and non-SBFD symbols.
· Option 2: Separate transmission/reception parameters are configured/indicated and applied to SBFD symbols and non-SBFD symbols, respectively, to deal with all potential differences.
Proposal 12: Dynamically scheduled UL transmissions and DL receptions is allowed to be mapped to SBFD symbol(s) and non-SBFD symbol(s) in the same slot, where dynamic overriding can be considered further.
Proposal 13: Semi-statically configured UL transmissions and DL receptions is not allowed to be mapped to SBFD symbol(s) and non-SBFD symbol(s) in the same slot or it is allowed only if consistent frequency domain resources across all symbols that a UL transmission/DL reception is mapped to is ensured.
Proposal 14: For potential enhancements for CSI measurement and reporting for SBFD, the following can be considered:
· For CSI-RS resource configuration, an NZP CSI-RS resource or CSI-IM resource can be allocated non-contiguous frequency resources.
· When performing CSI reporting, the UE can handle collision between NZP CSI-RS/CSI-IM resources and UL subband/guard band(s) based on predefined rules.
Proposal 15: Study on issues of unaligned boundaries between CSI-RS resource configuration, as well as CSI reporting configuration, and SBFD subbands is de-prioritized or only with second/lower priority.
Proposal 16: No UE RF impact for CLI handling is expected to avoid additional UE complexity introduced by Rel-18 SBFD operation. 
Proposal 17: CSI measurement and reporting can be used for interference measurement for UE-to-UE CLI handling.  
Proposal 18: Regarding how the victim UE to measure UE-to-UE CLI, the following two options can be considered:
· Option 1: The victim UE measures CLI within the DL subband(s).
· Option 2: The victim UE measures CLI within the UL subband.
Proposal 19: Study exchange of subband related configuration and/or information among gNBs, including configured/intended subband settings, interference information, recommended/restricted beam(s), as well as information about resource allocation in frequency domain.  
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