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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _GoBack]Introduction
[bookmark: OLE_LINK12]During RAN1#113 meeting, lots of agreements and conclusions were achieved for SBFD configuration and operation, which are listed in Annex for reference.
In this contribution, remaining issues that should be concluded during SI phase from our perspective will be discussed in section 2 firstly, followed by brief discussions on some issues that can be further discussed and determined during WI phase in section 3. Based on our understanding, issues discussed in section 2 should be concluded clearly during RAN1#114 meeting which is the last meeting for SI phase, while issues listed in section 3 may be checked or discussed if time permits.
2. Remaining issues to be concluded during SI phase
From our perspective, remaining issues that should be concluded during SI phase, i.e. during RAN1#114 meeting, at least include the following:
· Dynamic SBFD operation for RRC_CONNECTED state, including dynamic SBFD operation in semi-static DL symbols, as well as that in semi-static flexible symbols, which is discussed in section 2.1.1.
· SBFD operation for RRC_IDLE and RRC_INACTIVE states, which is discussed in section 2.2.
· Identification of collision cases in time domain due to half-duplex operation, which is discussed in section 2.3.
2.1. SBFD operation for RRC_CONNECTED state
2.1.1. Dynamic SBFD
During RAN1#112 meeting, dynamic SBFD was extensively discussed, and the following agreement was achieved for further study. 
Agreement
For dynamic SBFD,
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) are allowed or not in a symbol configured as DL in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband are allowed or not in the symbol configured as flexible in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· UL transmissions outside the semi-statically configured UL subbands are not allowed
· Option 3: DL receptions outside semi-statically configured DL subband(s) are allowed
· UL transmissions outside the semi-statically configured UL subbands are allowed
Dynamic SBFD should be compared with dynamic TDD and/or semi-static SBFD in terms of performance, implementation complexity, switching latency.
For each option, additional conditions may apply to determine whether the option is applicable.


The focus of discussion is whether or not flexibility should be introduced for SBFD operation by dynamic overriding/converting (i.e. dynamic SBFD), e.g. 
· Whether or not a semi-static DL symbol semi-statically configured with UL subband can be converted to a DL-only symbol dynamically, and/or
· Whether or not a semi-static flexible symbol semi-statically configured with UL subband can be converted to a DL-only or UL-only symbol dynamically. 
Here semi-static DL/UL/flexible symbol(s) is configured at least by tdd-UL-DL-ConfigurationCommon.
From gNB’s perspective, it is understood that it is not preferred to dynamically change the frequency boundary of UL subband that is semi-statically configured in SBFD symbols. However, if configuring SBFD symbols with the UL subband means resources of the UL subband in the configured SBFD symbols are always reserved for UL (i.e., semi-static SBFD), it is inefficient for resource usage and DL/UL traffic adaptation. Therefore, from our perspective, dynamic SBFD for SBFD symbols is desirable to improve the resource usage efficiency, as well as the DL/UL performance.  
Besides, based on our evaluation, it shows that for FR1 InH scenario, and for asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL,
· When Alt-4 (XXXXX) is assumed
· Compared to semi-static SBFD with XXXXX (Scheme 1-2)
· Regarding mean value of DL average-UPT CDF, dynamic SBFD with XXXXX (Scheme 1-3) achieves 10.49%, 9.87% and 10.60% gain with low, medium and high load.
· Regarding 5%-tile of DL average-UPT CDF, dynamic SBFD with XXXXX (Scheme 1-3) achieves 6.47%, 11.10% and 8.71% gain with low, medium and high load.
· Regarding mean value of UL average-UPT CDF, dynamic SBFD with XXXXX (Scheme 1-3) achieves 109.34%, 92.93% and 77.47% gain with low, medium and high load.
· Regarding 5%-tile of UL average-UPT CDF, dynamic SBFD with XXXXX (Scheme 1-3) achieves 119.78%, 112.31% and 96.01% gain with low, medium and high load.
· Compared to dynamic TDD with FFFFF (Scheme 1-4)
· Regarding mean value of DL average-UPT CDF, dynamic SBFD with XXXXX (Scheme 1-3) achieves 0.95%, 5.48% and 12.45% gain with low, medium and high load.
· Regarding 5%-tile of DL average-UPT CDF, dynamic SBFD with XXXXX (Scheme 1-3) achieves 1.32%, 17.72% and 20.94% gain with low, medium and high load.
· Regarding mean value of UL average-UPT CDF, dynamic SBFD with XXXXX (Scheme 1-3) achieves 1.62%, 8.01% and 18.29% gain with low, medium and high load.
· Regarding 5%-tile of UL average-UPT CDF, dynamic SBFD with XXXXX (Scheme 1-3) achieves 1.24%, 7.95% and 31.10% gain with low, medium and high load.
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Figure 1: DL and UL Average-UPT for different traffic loads when Alt-4 (XXXXX) is assumed
· When Alt-2 (XXXXU) is assumed
· Compared to semi-static SBFD with XXXXU (Scheme 2-2)
· Regarding mean value of DL average-UPT CDF, dynamic SBFD with XXXXU (Scheme 2-3) achieves 19.30%, 18.43% and 18.70% gain with low, medium and high load.
· Regarding 5%-tile of DL average-UPT CDF, dynamic SBFD with XXXXU (Scheme 2-3) achieves 1.78%, 5.96% and 38.30% gain with low, medium and high load.
· Regarding mean value of UL average-UPT CDF, dynamic SBFD with XXXXU (Scheme 2-3) achieves 27.08% and 7.86% gain with low and medium load, but has 22.54% degradation with high load.
· Regarding 5%-tile of UL average-UPT CDF, dynamic SBFD with XXXXU (Scheme 2-3) achieves 28.25% and 14.21% gain with low and medium load, but has 27.26% degradation with high load.
· Compared to dynamic TDD with FFFFU (Scheme 2-4)
· Regarding mean value of DL average-UPT CDF, dynamic SBFD with XXXXU (Scheme 2-3) achieves 17.98%, 19.56% and 21.95% gain with low, medium and high load.
· Regarding 5%-tile of DL average-UPT CDF, dynamic SBFD with XXXXU (Scheme 2-3) achieves 15.14%, 19.32% and 64.10% gain with low, medium and high load.
· Regarding mean value of UL average-UPT CDF, dynamic SBFD with XXXXU (Scheme 2-3) achieves 2.74% and 5.18% gain with low and medium load, but has 0.90% degradation with high load.
· Regarding 5%-tile of UL average-UPT CDF, dynamic SBFD with XXXXU (Scheme 2-3) achieves 9.91% and 5.53% gain with low and medium load, but has 16.16% degradation with high load.
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Figure 2: DL and UL Average-UPT for different traffic loads when Alt-2 (XXXXU) is assumed
Based on the above evaluation results, dynamic SBFD can provide better UPT performance, compared to semi-static SBFD, as well as dynamic TDD, at least for most cases of FR1 InH scenario. More details can be found in our companion contribution [1].
In summary, based on the above analysis and evaluation, it is beneficial to support dynamic SBFD.
[bookmark: _Ref111190681]Observation 1: It is beneficial to support dynamic SBFD operation for RRC_CONNECTED state.

To be more specific, dynamic SBFD for semi-static DL symbols and semi-static flexible symbols will be discussed separately in the following section.
· Dynamic SBFD operation in semi-static DL symbols
Regarding dynamic SBFD for semi-static DL symbols semi-statically configured with UL subband and DL subband(s), as discussed above, Option 2 is preferred since it allows DL receptions outside semi-statically configured DL subband(s) by some L1 signalling, where more flexibility and efficiency can be achieved compared to Option 1.
Taking dynamic scheduling as an example, for an SBFD aware UE, if a semi-static DL symbol is converted to a DL-only symbol dynamically, 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. 
· Dynamic SBFD operation in semi-static flexible symbols
Similar to the above discussion on SBFD operation in semi-static DL symbols, regarding dynamic SBFD for semi-static flexible symbols semi-statically configured with UL subband and DL subband(s), it is preferred that DL receptions outside semi-statically configured DL subband(s) are allowed. Regarding Option 2 and Option 3 for semi-static flexible symbols in the above agreement, the main difference is whether or not UL transmissions outside the semi-statically configured UL subbands are allowed. In our opinion, UE behaviour in semi-static flexible symbols is obviously more flexible compared to that in semi-static DL symbols as per Rel-15/16/17 specification, therefore, when SBFD operation is introduced, such flexibility should not vanish. In this regard, Option 3 is preferred naturally.
If dynamic SBFD is realized by dynamic scheduling, for an SBFD aware UE, a 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 a DL reception is scheduled and overlapped with the frequency range of the configured UL subband (denoted as Case 1), or, if a UL transmission is scheduled outside or not fully confined within the frequency range 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 DL-only symbol; for Case 2, the semi-static flexible symbol becomes a UL-only 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.
Based on the above analysis, the following is proposed to support dynamic SBFD.
Proposal 1: For a SBFD-aware UE semi-statically configured with UL subband:
· In a symbol configured as DL in TDD-UL-DL-ConfigCommon: DL receptions outside semi-statically configured DL subband(s) are allowed, i.e., it can be converted to DL-only symbol. 
· In a symbol configured as flexible in TDD-UL-DL-ConfigCommon: DL receptions outside semi-statically configured DL subband(s) are allowed, and UL transmissions outside the semi-statically configured UL subbands are allowed, i.e., it can be converted to DL-only or UL-only symbol.

Regarding how to achieve dynamic SBFD, e.g., related signaling design for the above conversion, the following options were identified and discussed for several meetings:
· Option 1: Dynamic SBFD is achieved by scheduling DCI which is used to indicate whether the RBs in flexible subband are used for UL transmission or DL transmission. 
· FFS definition of flexible subband, e.g. flexible subband is defined as 1 RB or a set of consecutive flexible RBs, which can be used for UL transmission, DL transmission, and guard band.
· FFS benefit of introducing flexible subband in addition to UL/DL subbands.
· Option 2: Dynamic SBFD is achieved by scheduling DCI which is used to determine whether DL receptions outside semi-statically configured DL subband and/or UL transmission outside semi-statically configured UL subband are allowed.
· Option 3: Dynamic SBFD is achieved by non-scheduling DCI which indicates whether a symbol is SBFD symbol or not.
Regarding Option 2, a scheduling DCI can be used for converting a semi-static DL symbol with UL subband to a DL-only symbol, or converting a semi-static flexible symbol with UL subband to a DL-only or UL-only symbol, either by explicit indication in the scheduling DCI, or by implicit indication based on resource allocation.
Regarding Option 3, converting is achieved by a non-scheduling DCI, either by a group-common DCI e.g. enhanced SFI, or by a UE specific DCI not scheduling a transmission/reception.
For Option 1, a new concept of flexible subband is introduced to achieve dynamic SBFD, where the understanding/concept of converting is no longer applicable. 
From our understanding, all options are different from the detailed signaling perspective and signaling details can be discussed further during WI phase. Therefore, we support dynamic SBFD with identifying these options to achieve it.
Proposal 2: Support dynamic SBFD, and at least the following options can be considered during WI phase:
· Option 1: Dynamic SBFD is achieved by scheduling DCI which is used to indicate whether the RBs in flexible subband are used for UL transmission or DL transmission. 
· FFS definition of flexible subband, e.g. flexible subband is defined as 1 RB or a set of consecutive flexible RBs, which can be used for UL transmission, DL transmission, and guard band
· FFS benefit of introducing flexible subband in addition to UL/DL subbands
· Option 2: Dynamic SBFD is achieved by scheduling DCI which is used to determine whether DL receptions outside semi-statically configured DL subband and/or UL transmission outside semi-statically configured UL subband are allowed.
· Option 3: Dynamic SBFD is achieved by non-scheduling DCI which indicates whether a symbol is SBFD symbol or not.
Note: Whether or not dynamic SBFD is beneficial from a performance perspective is a separate discussion.
2.2. [bookmark: _Hlk134955564]SBFD operation for RRC_IDLE and RRC_INACTIVE states
From our perspective, study on SBFD operation for RRC_IDLE and RRC_INACTIVE states should be de-prioritized during Rel-18 SI, based on the following considerations:
· Study on potential benefits and performance improvements by introducing SBFD operation should focus on RRC_CONNECTED state. Based on the SID [2], the study on SBFD aims to identify feasibility and solutions of duplex evolution to provide enhanced UL coverage, reduced latency, improved system capacity, and improved configuration flexibility for NR TDD operations in unpaired spectrum. In our opinion, requirements on performance improvement for RRC_IDLE and RRC_INACTIVE states are not so critical compared to that for RRC_CONNECTED state. Besides, handling of UE-to-UE CLI is more challenging for RRC_IDLE/INATCIVE UEs. As commented by several companies during RAN1#112bis-e meeting, the uncertainty of PRACH transmissions in PRACH occasions configured in SBFD symbols makes it hard or even not possible for the gNB to control or mitigate UE-to-UE CLI, especially when contention-based RACH is allowed in these PRACH occasions.
· Study on SBFD operation for RRC_IDLE and RRC_INACTIVE states requires lots of efforts and significant specification impact, and at least RAN2 should be involved. However, RAN2 is not listed in the WGs per the SID [2]. In addition, the SI scope is already very large, including semi-static SBFD configuration, dynamic SBFD operation, resource allocation for PDCCH/PDSCH/PUSCH/PUCCH/CSI-RS/SRS, transmissions and receptions across SBFD symbols and non-SBFD symbols, collision handling in time domain, self-interference handling, gNB-to-gNB and UE-to-UE CLI handling, etc. If further include the study on SBFD operation for RRC_IDLE and RRC_INACTIVE states, the scope will become too large to handle and it will impact the progress for SBFD operation for RRC_CONNECTED state..
Proposal 3: Study on SBFD operation for RRC_IDLE and RRC_INACTIVE states is de-prioritized during Rel-18 SI.
2.3. 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 in the same SBFD symbol. Therefore, it is desirable to identify collision cases in time domain for half-duplex UEs during SI phase, then, prioritization rule(s) may be studied for these collision cases during WI phase.
Potential collision cases have been discussed for several meetings, and the latest proposal during RAN1#113 meeting is listed as below for reference.
Proposal 1-11a
Proposed Conclusion:
At least the following cases of time domain conflict of UE’s UL transmission and DL reception in the same SBFD symbol for SBFD aware UE are identified:
· Case 1: Dynamically scheduled UL transmission in UL subband and dynamically scheduled DL reception in DL subband(s) in the same SBFD symbol
· Case 2: Configured UL transmission in UL subband and configured DL reception in DL subband(s) in the same SBFD symbol
· Case 3: Configured transmission/reception in UL/DL subband(s) with scheduled reception/transmission in DL/UL subband(s) in the same SBFD symbol
· Configured UL transmissions at least include CG PUSCH, configured PUCCH/SRS
· Configured DL receptions at least include PDCCH, SPS PDSCH, configured CSI-RS
The cases identified above can also occur if the transmission/ reception are in different SBFD symbols, but there is not sufficient time between them to account for Rx/Tx switching


We support the above proposal, as it can be regarded as the starting point for further study, including identifying more collision cases, as well as studying corresponding collision handing solutions. 
Proposal 4: At least the following cases of time domain conflict of UE’s UL transmission and DL reception in the same SBFD symbol for SBFD aware UE are identified:
· Case 1: Dynamically scheduled UL transmission in UL subband and dynamically scheduled DL reception in DL subband(s) in the same SBFD symbol
· Case 2: Configured UL transmission in UL subband and configured DL reception in DL subband(s) in the same SBFD symbol
· Case 3: Configured transmission/reception in UL/DL subband(s) with scheduled reception/transmission in DL/UL subband(s) in the same SBFD symbol
· Configured UL transmissions at least include CG PUSCH, configured PUCCH/SRS
· Configured DL receptions at least include PDCCH, SPS PDSCH, configured CSI-RS
The cases identified above can also occur if the transmission/ reception are in different SBFD symbols, but there is not sufficient time between them to account for Rx/Tx switching.
3. Issues to be further discussed during WI phase
It is expected that all or most of SBFD related configurations and enhancements agreed during SI phase will be specified in details during WI phase. In addition, some remaining issues that were discussed during WI phase without clear outcome can also be further discussed and concluded during WI phase, since they are not essential for drawing conclusions for the SI phase. Based on our understanding, these remaining issues can include the following:
· Signalling design details for semi-static configuration of subband frequency location and time location, including: 
· Configuration of subband frequency location, e.g., frequency location configuration of DL subband(s) and guardband(s) if any, whether subband(s) is configured in carrier/serving cell level or in BWP level, which is briefly discussed in section 3.1.1.
· Configuration of subband time location, e.g., determination of the periodicity of SBFD subband time locations, whether a slot can consist of both SBFD and non-SBFD symbols or not, which is briefly discussed in section 3.1.2.
· Interaction operation of semi-static flexible symbols configured with UL subband and TDD-UL-DL-ConfigDedicated and/or dynamic SFI, which is briefly discussed in section 3.2.
· Remaining issues for SBFD operation in SSB symbols, mainly about whether or not SBFD-aware UEs are allowed to transmit in the UL subband configured in SSB symbols, which is briefly discussed in section 3.3.
· Remaining issues for PRG related operation for frequency resource allocation of PDSCH, including remaining issue for PRG(s) with size of 2 and 4, and remaining issues for PRG determined as wideband, which are briefly discussed in section 3.4.
· Remaining issues for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols, including remaining issue for the case where each transmission/reception occasion within a slot has either all SBFD symbols or all non-SBFD symbols, and remaining issue for the case where a transmission/reception occasion overlaps with both SBFD symbols and non-SBFD symbols in the same slot, which are briefly discussed in section 3.5.
· Remaining issues for CSI-RS/CSI related enhancements, including remaining issues for frequency resource allocation for CSI-RS across DL subbands, and remaining issues for CSI reporting for SBFD symbols and non-SBFD symbols, which are briefly discussed in section 3.6.
· Remaining issues for handling of UE-to-UE CLI, mainly about clarification that no UE RF impact due to CLI handling is expected, which are briefly discussed in section 3.7.
3.1. Semi-static configuration for SBFD
In the following section, semi-static configuration of subband frequency location and time location are discussed, respectively.
3.1.1. Subband frequency location
For semi-static configuration of subband frequency location, two options were identified during RAN1#112bis-e meeting according to the following agreement.
Agreement
At least for semi-static SBFD, the following two options are viable solutions for frequency location configuration of DL subband(s) and guardband(s) if any.
· Option 1: Frequency locations of DL subband(s) are explicitly configured. Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s). 
· Option 2: The number of RBs for guardband(s), if any, is explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).


Which option is chosen can be determined in signaling design during WI phase.
Meanwhile, another issue was discussed for several meeting, i.e. whether subband(s) is configured in carrier/serving cell level or in BWP level. In our understanding, there are different benefits for subband(s) configured in either carrier/serving cell level, or in BWP level, and it is slightly preferred to configure subband(s) in carrier/serving cell level. Besides, it is preferred to configure subband(s) by UE-specific signaling for more flexibility and extendibility. However, this is also part of signaling design, thus can also be discussed during WI phase.
Proposal 5: Signaling design details for configuration of subband frequency location are discussed during WI phase, including:
· Frequency location configuration of DL subband(s) and guardband(s) if any; 
· Whether subband(s) is configured in carrier/serving cell level or in BWP level.
3.1.2. Subband time location
Regarding the periodicity of SBFD subband time locations, at least the following two options can be identified. 
· Option 1: The periodicity is derived based on the periodicity of the configured TDD pattern, e.g. DDDSU.
· Option 2: The periodicity is configured independently. 
Within a period based on the determined periodicity, 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 configured periodicity can 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 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 configured periodicity and duration/offset. 
Proposal 6: To determine the periodicity of SBFD subband time locations, the following two options can be considered:
· Option 1: The periodicity is derived based on the periodicity of the configured TDD pattern.
· Option 2: The periodicity is configured independently.

Regarding configuring a set of symbols in a period as SBFD symbols, another issue on whether a slot can consist of both SBFD symbols and non-SBFD symbols was discussed extensively during previous meetings. During RAN1#113 meeting, the following conclusion was achieved.
Conclusion
At least for semi-static SBFD, in order to avoid frequent switching between SBFD and non-SBFD symbols, potential limitation on the maximum number of transition points between SBFD and non-SBFD symbols can be considered from SBFD subband configuration perspective. Maximum of two transition points including one transition point from non-SBFD symbols to SBFD symbols and one transition point from SBFD symbols to non-SBFD symbols within a TDD UL/DL pattern period can be considered as a starting point where the transition point can be aligned with slot boundary or within a slot.
· Agreement: The usage of ‘switching point’ in previous conclusions/agreements are revised to ‘transition point’
A guard period between SBFD and non-SBFD symbols may or may not be required at gNB and/or UE side depending on gNB/UE implementation and/or SBFD operation.


From our perspective, a slot consisting of both SBFD and non-SBFD symbols is compatible with symbol-level TDD UL/DL configuration. Regarding the potential limitation on the maximum number of transition points between SBFD and non-SBFD symbols in the above conclusion, it can be considered in design of configuration signalling during WI phase, taking potential complexity into account.
In addition, based on the above conclusion, there exist at least some scenarios with no or little issue in terms of guard period, complexity, delay, etc., it is beneficial that a slot can consist of both SBFD and non-SBFD symbols, with potentially limited number of transition points within the slot, as well as within the corresponding TDD UL/DL pattern period.
Proposal 7: A slot can consist of both SBFD and non-SBFD symbols.
· Potential limitation on the maximum number of transition points between SBFD and non-SBFD symbols within a slot and/or a TDD UL/DL pattern period can be determined during WI Phase.
3.2. SBFD operation in semi-static flexible symbols
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.
Similarly, it is necessary to discuss whether the symbol i can be further overridden as DL or UL by TDD-UL-DL-ConfigDedicated. If it is allowed, then the symbol i becomes a semi-static DL or UL symbol, respectively. For example, 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 1 can be applied.
Alternatively, if it is not allowed, then the UE does not expect the symbol i to be further 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. For a semi-static flexible symbol configured with UL subband, the interpretation of DCI format 2_0 indicating DL, UL or flexible and corresponding UE behavior need further discussion. For example, DCI format 2_0 can be used to achieve dynamic SBFD operation as Option 3 in Proposal 2.
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.
3.3. SBFD operation in SSB symbols
For SBFD operation in SSB symbols, the following agreements were achieved during RAN1#113 meeting.
Agreement
An UL subband can be configured in an SSB symbol.
· Note: It is SSB from serving cell perspective, which can be CD-SSB or NCD-SSB.
· Whether actual UL transmission can be done is for further discussion

Agreement
The following conclusion is to be captured in the TR
If SBFD-aware UEs are not allowed to transmit in the SSB symbol but is allowed to receive within the DL BWP in the SSB symbol, negative impact on SSB detection and measurement can be avoided but UL performance may be degraded due to fewer UL opportunities.
If SBFD-aware UE is allowed to transmit in the SSB symbol, the UE may only transmit UL in an UL subband depending on gNB scheduling, configuration, UE measurement or priority rule. There may be negative impact on SSB detection and measurement if the SBFD-aware UE is requested to transmit in the SSB symbol.


Based on the first agreement above, the UL subband can be configured in SSB symbols, resulting in more configuration flexibility, as well as potentially more SBFD opportunities.
Regarding whether SBFD-aware UEs are allowed to transmit in the UL subband configured in SSB symbols or not, it can be discussed further during WI phase. From our perspective, 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. Furthermore, 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. As a result, it is preferred that SBFD-aware UEs are not allowed to transmit in the UL subband configured in SSB symbols.
Proposal 9: The UL subband configured in SSB symbols is invalid and SBFD-aware UEs are not allowed to transmit within it.
3.4. Resource allocation in frequency domain
Regarding the issue of PRG(s) with size of 2 and 4 that overlaps with subband boundary, the following conclusion was achieved during RAN1#113 meeting.
Conclusion
For a PRG that overlaps with subband boundary, if the part of DL PRG inside the DL subband can be used, better scheduling flexibility and resource utilization can be achieved, however degraded channel estimation quality in the partial PRG is expected compared to a PRG due to limited RBs in the partial PRG. 
· Note: UE complexity could increase if this feature is supported


It is common understanding that partial PRG(s) with size 2 and 4 is supported at boundaries of DL active BWP per existing specification. When DL subband boundaries are taken into account additionally, the same rules can be applied as well. From our perspective, no new rule is introduced, and only the number of partial PRGs may be increased, it is not clear how the increased number of partial PRGs would significantly increase the UE complexity.
Proposal 10: Support partial PRG(s) with size 2 and 4 at DL subband boundaries, i.e., for a PRG with size 2 or 4 that overlaps with DL subband boundary, the part of the PRG inside the DL subband is used.

If PRG is determined as wideband, regarding whether non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated or not, the following agreement was achieved during RAN1#113 meeting.
Agreement
The following conclusion is to be captured in the TR
If PRG is determined as wideband, better scheduling flexibility and higher DL data rate can be achieved if non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated. 
Compared to the case that PRG is determined as wideband and only contiguous frequency resources can be allocated, non-contiguous frequency resources across two DL subbands requires UE to handle two non- contiguous segments of contiguous RBs that may increase UE complexity for channel estimation.


From our perspective, better scheduling flexibility and higher DL data rate are more attractive obviously. Regarding the additional UE complexity, we are open to discuss it. If needed, corresponding UE capability can be introduced to resolve the UE implementation concern during the WI phase. 
Proposal 11: If PRG is determined as wideband, non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated for PDSCH.
Regarding precoding assumption within and across the two DL subbands for the above frequency resource allocation, the following proposed agreement was discussed during RAN1#113 meeting.
Proposal 1-7a
Proposed Agreement:
If PRG is determined as wideband and non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband are allocated, SBFD-aware UE assumes same precoding and same QCL/TCI assumption within each DL subband and makes no assumption of same precoding across two DL subbands.


It is natural that at least frequency resources within a DL subband share the same precoding assumption, by reusing rules for wideband PRG in existing specification. Due to more flexibility, and potentially large gap between frequency resources in two DL subbands, it is preferred that SBFD-aware UEs make no assumption of same precoding across two DL subbands.
Proposal 12: If PRG is determined as wideband and non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband are allocated, SBFD-aware UE assumes same precoding and same QCL/TCI assumption within each DL subband and makes no assumption of same precoding across two DL subbands.
3.5. UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols
Discussion on UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols has been lasting for several meetings. Basically, the related discussion can be divided into two parts, of which the first one deals with the case where each transmission/reception occasion within a slot has either all SBFD symbols or all non-SBFD symbols (denoted as Case 1), and the second one deals with the case where a transmission/reception occasion overlaps with both SBFD symbols and non-SBFD symbols in the same slot (denoted as Case 2).
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For Case 1, for cases where a same time-frequency resource allocation applies to one or more UL transmission/DL reception occasions as per Rel-15/16/17 specification, the following agreement was achieved in RAN1#112 meeting.
 Agreement:
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols)
· Study the following options for SBFD-aware UEs:
· Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols
· UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols include the following:
· PDSCH/PUSCH/PUCCH repetitions
· SPS PDSCH/CG PUSCH
· TBoMS
· Multi-PUSCH/PDSCH scheduled by a single DCI
· Periodic/semi-persistent SRS/CSI-RS/PUCCH
· PDCCH


The two options in the above agreement were studied further during RAN1#112bis-e meeting, with the following observations agreed.
Conclusion
For the two options agreed in RAN1#112 for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), the following observations are agreed.
· Option 1 can be achieved by gNB configuration or scheduling to ensure that all transmission/reception occasions are confined to either SBFD symbols or non-SBFD symbols. Alternatively, Option 1 can be achieved by additional indication or rules to determine the transmission/reception occasions are valid within one symbol type and are invalid within the other symbol type.
· The frequency resources, power control and beam/spatial relation for all the transmission/reception occasions can be the same for Option 1 but may be different for Option 2. If different, it may require additional specification efforts.
· Option 1 may or may not increase the transmission/reception latency if the transmission/reception in the other symbol type is postponed and may degrade the performance if the transmission/reception in the other symbol type is dropped. Option 2 may or may not reduce the transmission/reception latency and improve coverage.


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.
Regarding Option 1, it is simpler at least from UE perspective since there is no need to deal with the above differences when all transmissions/receptions are restricted to a single symbol type, where postponing or dropping can be performed for involved transmissions/receptions. However, it will potentially result in more latency or coverage degradation, which contradicts with the objectives for introducing SBFD.
Regarding Option 2, clearly it can achieve better latency performance. To deal with the above differences between two symbol types, potential enhancements may be introduced accordingly. Taking PUCCH repetition as an example, if the time-frequency resource allocation for the involved PUCCH resource is configured to ensure that the PUCCH transmission is close to the boundary of the UL BWP to avoid/mitigate segmentation in frequency domain, when Rel-15/16/17 specification is followed directly, the PUCCH repetition(s) in SBFD symbols is very likely overlapped with DL subband(s) when frequency domain pattern (D-U-D) is adopted in SBFD symbols (e.g., in Figure 3 when no frequency offset is introduced, and the PUCCH resource occupies PRB(s) at one side of the UL BWP, obviously both the former two repetitions overlap with the upper DL subband), and the overlapped PUCCH repetition(s) may be dropped or postponed accordingly, resulting in worse transmission performance. On the contrary, if it is guaranteed by the gNB’s configuration that no overlapping occurs for PUCCH repetition(s) in SBFD symbols, the configuration will be rather restrictive, and obviously segmentation in frequency domain can hardly be avoided, resulting in lower efficiency for resource usage of the whole cell. With respect to potential enhancements to address the above differences between two symbol types, introduction of frequency offset as shown in Figure 3 between SBFD and non-SBFD symbols to simply address only the difference of available frequency domain resources, as well as separate configurations for SBFD and non-SBFD symbols as shown in Figure 4 to address potentially all kinds of differences, etc., can be considered.


[bookmark: _Ref134824906]Figure 3: A frequency offset between PUCCH repetitions in different symbol types


[bookmark: _Ref134825013]Figure 4: Separate PUCCH Configs for different symbol types
To achieve better performance, Option 2 is preferred.
Proposal 13: For the following UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), for SBFD-aware UEs, Option 2 that the transmissions/receptions can be in SBFD symbols and non-SBFD symbols in different slots is agreed as the baseline:
· PDSCH/PUSCH/PUCCH repetitions
· SPS PDSCH/CG PUSCH
· TBoMS
· Multi-PUSCH/PDSCH scheduled by a single DCI
· Periodic/semi-persistent SRS/CSI-RS/PUCCH
· PDCCH

Regarding the issue on whether or not a PUCCH/PUSCH/SRS transmission occasion or a PDSCH/PDCCH/CSI-RS reception occasion can be mapped to both SBFD symbols and non-SBFD symbols in the same slot, i.e. Case 2, it is related to the discussion on whether or not a slot can consist of both SBFD symbols and non-SBFD symbols. 
During RAN1#113 meeting, regarding this issue the following agreement was achieved.

Agreement
The following conclusion is to be captured in the TR
For a physical channel/signal occasion mapped to SBFD and non-SBFD symbols within a slot if any, the following options for UE transmission/reception can be considered in the normative stage
· Option 1: UE does not transmit or receive the physical channel/signal within the slot.
· Option 2: UE can transmit or receive the physical channel/signal within the slot only under certain conditions.
· The conditions may depend on at least the following: whether or not phase continuity can be maintained across SBFD and non-SBFD symbols, whether or not there are same or different transmission/reception parameters e.g. power control, spatial/QCL, UL timing etc. applied in SBFD and non-SBFD symbols, and whether or not there is a guard period between the SBFD and non-SBFD symbols, etc.
· Other options are not precluded



Basically, Option 1 can lead to simpler UE behaviours, but with some loss in flexibility. On the contrary, Option 2 can potentially afford more transmission/reception opportunities, if certain conditions can be met, e.g., the transmission/reception parameters such as frequency domain resources, powers, spatial relation/QCL assumptions are the same across SBFD symbols and non-SBFD symbols, and no issue in terms of phase continuity, interruption, guard period, etc. is identified.
Proposal 14: For a physical channel/signal occasion mapped to SBFD and non-SBFD symbols within a slot if any, an SBFD-aware UE can transmit or receive the physical channel/signal within the slot only under certain conditions.
· FFS the certain conditions.
3.6. CSI-RS/CSI related enhancements
3.6.1. Frequency resource allocation for CSI-RS across DL subbands
Regarding frequency resource allocation for CSI-RS across non-contiguous DL subbands, the following agreement was achieved during RAN1#112 meeting. 
Agreement:
Study the frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs considering the following options:
· Option 1: Two contiguous CSI-RS resources that are linked
· Option 2: One CSI-RS resource
· Option 2-1: Non-contiguous CSI-RS resource allocation
· Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s) 


The above options were studied further during RAN1#112bis-e meeting, with the following observations agreed.
Conclusion
For the options agreed to study in RAN1#112 for frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs, the following observations are agreed.
· For all the options, there is no impact on CSI-RS sequence generation.
· Option 1 requires additional signalling to link two CSI-RS resources in two DL subbands. 
· Option 2-1 requires new RRC structure to configure non-contiguous RBs for one CSI-RS resource, which may require additional signalling overhead. 
· Option 2-2 can reuse the existing signalling design for CSI-RS resource configuration. Option 2-2 can be used to resolve the potential unaligned boundaries between CSI-RS resource configuration and SBFD subbands
· Further discussion is required on the UE complexity due to:
· UE capability of maximum number of configured CSI-RS resources
· Processing non-contiguous CSI-RS


In our understanding, Option 1 may have significant impacts on legacy signaling design where CSI-RS resources are involved, and CSI-RS resources are used in many scenarios, such as time-frequency tracking, beam management, RLM/RRM measurements, etc., in addition to CSI reporting. Therefore, much specification work is expected if Option 1 would be adopted.
Regarding Option 2, Option 2-1 is similar to Option 1 in terms of frequency resource allocation, i.e. two clusters of contiguous frequency resources is signaled to the UE. On the contrary, for Option 2-2 the legacy signaling can be reused as much as possible, since only one contiguous CSI-RS resource allocation is involved. Therefore, less or even no specification impact is expected.
Based on the above analysis, Option 2-2 is preferred due to simplicity and back compatibility.
Proposal 15: For frequency resource allocation for CSI-RS across DL subbands for SBFD-aware UEs, support Option 2-2, i.e., one CSI-RS resource can be maintained, where one contiguous CSI-RS resource allocation is configured, with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband(s).
3.6.2. CSI reporting for SBFD symbols and non-SBFD symbols
The issue on CSI reporting associated with periodic/semi-persistent CSI-RS across SBFD symbols and non-SBFD symbols was discussed for several meetings, and the latest agreement achieved in RAN1#112bis-e meeting is listed as below for reference.
Agreement
For SBFD-aware UEs, study the following options for CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity is such that CSI-RS instances occur in both SBFD and non-SBFD symbols:
· Option 1: two CSI-ReportConfigs, where one is associated with SBFD symbols and the other is associated with non-SBFD symbols
· Option 1-1: One CSI-ReportConfig is associated with a CSI-RS restricted to SBFD symbols only and the second CSI-ReportConfig is associated with a second CSI-RS restricted to non-SBFD symbols only;
· Option 1-2: Both CSI-ReportConfigs are associated with the same CSI-RS. The CSI report associated with one CSI-ReportConfig is derived based on CSI-RS instances in SBFD symbols only. The CSI report associated with the second CSI-ReportConfig is derived based on CSI-RS instances in non-SBFD symbols only.
· Option 2: one CSI-ReportConfig associated with both SBFD symbols and non-SBFD symbols
· Option 2-1: One CSI-ReportConfig is associated with two CSI-RSs which are restricted to SBFD symbols and non-SBFD symbols respectively. Separate CSI measurements are derived based on the first and second CSI-RSs respectively.
· Option 2-2: One CSI-ReportConfig is associated with one CSI-RS. The CSI report is derived based on CSI-RS which can be in SBFD symbols or non-SBFD symbols in different time instances.
· FFS impact on UE CSI processing and reporting timeline
Note: Whether the CSI-RS resource can be used for SBFD and non-SBFD symbols may depend on, e.g., gNB implementation of same/different antenna configuration in both symbols. 
Option 1-1 can be supported according to existing specification by gNB configuration of appropriate periodicities to ensure that the CSI-RS associated with each CSI-ReportConfig is confined to either SBFD symbols or non-SBFD symbols only. But it may restrict the gNB configuration flexibility and enhancements can be considered by additional indication or rules to determine the CSI-RS is valid within one symbol type and is invalid in the other symbol type.
Option 2-2 can be supported according to existing specification to configure measurement restriction so that UE would not average CSI measurements across SBFD and non-SBFD symbols.


Based on the above agreement, Option 1-1 and Option 2-2 can be supported according to existing specification, while Option 1-2 or Option 2-1 requires more specification efforts. Therefore, from our perspective, Option 1-1 and Option 2-2 should be prioritized for further study.
Proposal 16: For SBFD-aware UEs and for CSI reporting associated with periodic/semi-persistent CSI-RS across SBFD symbols and non-SBFD symbols in different slots (each CSI-RS resource within a slot has either all SBFD or all non-SBFD symbols), Option 1-1 (two CSI-ReportConfigs, each associated with respective CSI-RS) and Option 2-2 (one CSI-ReportConfig associated with one CSI-RS) are prioritized for further study.
3.7. [bookmark: _Hlk54103374]Handling of UE-to-UE CLI
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 17: No UE RF impact due to CLI handling is expected to avoid additional UE complexity introduced by Rel-18 SBFD operation. 
4. Conclusion
In this contribution, remaining issues that should be concluded during SI phase from our perspective are discussed in section 2 firstly, followed by brief discussions on some issues that can be further discussed and determined during WI phase in section 3, and the following observation and proposals are made.
Observation 1: It is beneficial to support dynamic SBFD operation for RRC_CONNECTED state.

Proposal 1: For a SBFD-aware UE semi-statically configured with UL subband:
· In a symbol configured as DL in TDD-UL-DL-ConfigCommon: DL receptions outside semi-statically configured DL subband(s) are allowed, i.e., it can be converted to DL-only symbol. 
· In a symbol configured as flexible in TDD-UL-DL-ConfigCommon: DL receptions outside semi-statically configured DL subband(s) are allowed, and UL transmissions outside the semi-statically configured UL subbands are allowed, i.e., it can be converted to DL-only or UL-only symbol.
Proposal 2: Support dynamic SBFD, and at least the following options can be considered during WI phase:
· Option 1: Dynamic SBFD is achieved by scheduling DCI which is used to indicate whether the RBs in flexible subband are used for UL transmission or DL transmission. 
· FFS definition of flexible subband, e.g. flexible subband is defined as 1 RB or a set of consecutive flexible RBs, which can be used for UL transmission, DL transmission, and guard band
· FFS benefit of introducing flexible subband in addition to UL/DL subbands
· Option 2: Dynamic SBFD is achieved by scheduling DCI which is used to determine whether DL receptions outside semi-statically configured DL subband and/or UL transmission outside semi-statically configured UL subband are allowed.
· Option 3: Dynamic SBFD is achieved by non-scheduling DCI which indicates whether a symbol is SBFD symbol or not.
Note: Whether or not dynamic SBFD is beneficial from a performance perspective is a separate discussion.
Proposal 3: Study on SBFD operation for RRC_IDLE and RRC_INACTIVE states is de-prioritized during Rel-18 SI.
Proposal 4: At least the following cases of time domain conflict of UE’s UL transmission and DL reception in the same SBFD symbol for SBFD aware UE are identified:
· Case 1: Dynamically scheduled UL transmission in UL subband and dynamically scheduled DL reception in DL subband(s) in the same SBFD symbol
· Case 2: Configured UL transmission in UL subband and configured DL reception in DL subband(s) in the same SBFD symbol
· Case 3: Configured transmission/reception in UL/DL subband(s) with scheduled reception/transmission in DL/UL subband(s) in the same SBFD symbol
· Configured UL transmissions at least include CG PUSCH, configured PUCCH/SRS
· Configured DL receptions at least include PDCCH, SPS PDSCH, configured CSI-RS
The cases identified above can also occur if the transmission/ reception are in different SBFD symbols, but there is not sufficient time between them to account for Rx/Tx switching.
Proposal 5: Signaling design details for configuration of subband frequency location are discussed during WI phase, including:
· Frequency location configuration of DL subband(s) and guardband(s) if any; 
· Whether subband(s) is configured in carrier/serving cell level or in BWP level.
Proposal 6: To determine the periodicity of SBFD subband time locations, the following two options can be considered:
· Option 1: The periodicity is derived based on the periodicity of the configured TDD pattern.
· Option 2: The periodicity is configured independently.
Proposal 7: A slot can consist of both SBFD and non-SBFD symbols.
· Potential limitation on the maximum number of transition points between SBFD and non-SBFD symbols within a slot and/or a TDD UL/DL pattern period can be determined during WI Phase.
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: The UL subband configured in SSB symbols is invalid and SBFD-aware UEs are not allowed to transmit within it.
Proposal 10: Support partial PRG(s) with size 2 and 4 at DL subband boundaries, i.e., for a PRG with size 2 or 4 that overlaps with DL subband boundary, the part of the PRG inside the DL subband is used.
Proposal 11: If PRG is determined as wideband, non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated for PDSCH.
Proposal 12: If PRG is determined as wideband and non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband are allocated, SBFD-aware UE assumes same precoding and same QCL/TCI assumption within each DL subband and makes no assumption of same precoding across two DL subbands.
Proposal 13: For the following UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), for SBFD-aware UEs, Option 2 that the transmissions/receptions can be in SBFD symbols and non-SBFD symbols in different slots is agreed as the baseline:
· PDSCH/PUSCH/PUCCH repetitions
· SPS PDSCH/CG PUSCH
· TBoMS
· Multi-PUSCH/PDSCH scheduled by a single DCI
· Periodic/semi-persistent SRS/CSI-RS/PUCCH
· PDCCH
Proposal 14: For a physical channel/signal occasion mapped to SBFD and non-SBFD symbols within a slot if any, an SBFD-aware UE can transmit or receive the physical channel/signal within the slot only under certain conditions.
· FFS the certain conditions.
Proposal 15: For frequency resource allocation for CSI-RS across DL subbands for SBFD-aware UEs, support Option 2-2, i.e., one CSI-RS resource can be maintained, where one contiguous CSI-RS resource allocation is configured, with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband(s).
Proposal 16: For SBFD-aware UEs and for CSI reporting associated with periodic/semi-persistent CSI-RS across SBFD symbols and non-SBFD symbols in different slots (each CSI-RS resource within a slot has either all SBFD or all non-SBFD symbols), Option 1-1 (two CSI-ReportConfigs, each associated with respective CSI-RS) and Option 2-2 (one CSI-ReportConfig associated with one CSI-RS) are prioritized for further study.
Proposal 17: No UE RF impact due to CLI handling is expected to avoid additional UE complexity introduced by Rel-18 SBFD operation. 
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Agreements and conclusions achieved during RAN1#113 meeting are listed as follows for reference.
Conclusion
At least for semi-static SBFD, in order to avoid frequent switching between SBFD and non-SBFD symbols, potential limitation on the maximum number of transition points between SBFD and non-SBFD symbols can be considered from SBFD subband configuration perspective. Maximum of two transition points including one transition point from non-SBFD symbols to SBFD symbols and one transition point from SBFD symbols to non-SBFD symbols within a TDD UL/DL pattern period can be considered as a starting point where the transition point can be aligned with slot boundary or within a slot.
· Agreement: The usage of ‘switching point’ in previous conclusions/agreements are revised to ‘transition point’
A guard period between SBFD and non-SBFD symbols may or may not be required at gNB and/or UE side depending on gNB/UE implementation and/or SBFD operation.

Agreement
For the three methods agreed to be studied for UE-to-UE CLI-RSSI measurement/report across downlink subbands, the following observations are agreed.
· Method #1 allows flexible configuration of measurement reporting in one DL subband or two DL subbands but it consumes multiple CLI-RSSI measurement resources from the UE capability budget. 
· Method #2 restricts gNB configuration flexibility and does not account for whether or not the CLI is asymmetric across two DL subbands. This method does not consume multiple CLI-RSSI measurement resources from UE capability point of view.
· Method #3 requires additional specification efforts to support non-contiguous CLI-RSSI resource allocation across downlink subbands. This method is similar to non-contiguous CSI-RS resource allocation. A single CLI-RSSI report based on non-contiguous CLI-RSSI resource may be sufficient. This method does not consume multiple CLI-RSSI measurement resources from UE capability point of view.
Note: Above does not imply whether L1 or L2 based measurement is supported.

Conclusion
For a PRG that overlaps with subband boundary, if the part of DL PRG inside the DL subband can be used, better scheduling flexibility and resource utilization can be achieved, however degraded channel estimation quality in the partial PRG is expected compared to a PRG due to limited RBs in the partial PRG. 
· Note: UE complexity could increase if this feature is supported

Agreement
An UL subband can be configured in an SSB symbol.
· Note: It is SSB from serving cell perspective, which can be CD-SSB or NCD-SSB.
· Whether actual UL transmission can be done is for further discussion

Agreement
The following conclusion is to be captured in the TR
If PRG is determined as wideband, better scheduling flexibility and higher DL data rate can be achieved if non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated. 
Compared to the case that PRG is determined as wideband and only contiguous frequency resources can be allocated, non-contiguous frequency resources across two DL subbands requires UE to handle two non- contiguous segments of contiguous RBs that may increase UE complexity for channel estimation.

Agreement
The following conclusion is to be captured in the TR
gNB can configure a CORESET and a search space in a way such that the MOs of the search space occur in either SBFD or non-SBFD symbols, or the MOs of the search space occur in both SBFD and non-SBFD symbols but the associated CORESET does not overlap the boundary of a DL subband in SBFD symbols.
If it is agreed to be beneficial that a CORESET and a search space are configured that the MOs of the search space occur in both SBFD and non-SBFD symbols and the associated CORESET overlaps the boundary of a DL subband in SBFD symbols, at least the following options can be considered for SBFD-aware UE:
· Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
· Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
· Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
· Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)
· Option 5: Separate search spaces associated with a CORESET in SBFD and non-SBFD symbols
Note: These options are applicable to at least USS 

Agreement
The following conclusion is to be captured in the TR
· For the methods agreed to be studied for inter-UE inter-subband CLI measurement, Method #2 and Method #3 can be used for identifying the aggressor UE(s) if orthogonal resources are allocated for different aggressor UE(s); and Method #2 and #3 can at least provide higher interference signal strength than inter-subband interference leakage based measurements in Method #1. Furthermore, such measurement is not subject to inter-cell DL interference.
· It is feasible for UE to measure RSRP/RSSI within UL subband if within active DL BWP and receive DL in DL subband(s) simultaneously similar as simultaneous RSRP/RSSI measurement and DL reception in Rel-16.
· The existing CLI measurement and report framework can be reused to support RSRP/RSSI measurements within UL subband when UL subband is confined within active DL BWP.

Agreement
The following conclusion is to be captured in the TR
If SBFD-aware UEs are not allowed to transmit in the SSB symbol but is allowed to receive within the DL BWP in the SSB symbol, negative impact on SSB detection and measurement can be avoided but UL performance may be degraded due to fewer UL opportunities.
If SBFD-aware UE is allowed to transmit in the SSB symbol, the UE may only transmit UL in an UL subband depending on gNB scheduling, configuration, UE measurement or priority rule. There may be negative impact on SSB detection and measurement if the SBFD-aware UE is requested to transmit in the SSB symbol.

Agreement
The following conclusion is to be captured in the TR
For a physical channel/signal occasion mapped to SBFD and non-SBFD symbols within a slot if any, the following options for UE transmission/reception can be considered in the normative stage
· Option 1: UE does not transmit or receive the physical channel/signal within the slot.
· Option 2: UE can transmit or receive the physical channel/signal within the slot only under certain conditions.
· The conditions may depend on at least the following: whether or not phase continuity can be maintained across SBFD and non-SBFD symbols, whether or not there are same or different transmission/reception parameters e.g. power control, spatial/QCL, UL timing etc. applied in SBFD and non-SBFD symbols, and whether or not there is a guard period between the SBFD and non-SBFD symbols, etc.
· Other options are not precluded

Agreement
The following conclusion is to be captured in the TR
For SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots, it may be beneficial to have separate resources, FH parameters, UL power control parameters and/or beam/spatial relation.
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