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[bookmark: _Ref465963108]Introduction
In RAN plenary #94e, the study item on evolution of NR duplex operation was approved [1]. The objective of this study is to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum. In this study, the followings are assumed:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges

	The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).



In this contribution, we discuss the remaining issues to successfully conclude Rel-18 study of SBFD operation in TDD carrier.
SBFD operation in NR TDD band
Semi-static SBFD configuration and indication
Semi-static SBFD Time pattern
For semi-static configuration of SBFD subband time locations, it is agreed that explicit configuration of SBFD subband time locations within a period is the baseline. As SBFD operation with UL-subbband is carrier over at downlink or flexible symbols, it makes sense that the periodicity of the SBFD symbols is configured with respect to the periodicity of the TDD pattern(s) with one semi-static SBFD pattern applied per each TDD pattern.
Proposal 1: The period for SBFD operation is based on the periodicity of the TDD-DL-UL pattern(s). 
· Semi-static SBFD pattern applied per each TDD pattern.

Within that period, the time locations of the SBFD symbols could be configured within a window of consecutive SBFD symbols to reduce the switching between SBFD and non-SBFD symbols. Otherwise, frequent switching may require frequent gNB and UE filtering adaptation. 


Figure 2‑1: Time locations of SBFD operation
Based on the discussion above, SBFD operation requires new semi-static signalling for indicating the time and frequency locations of the subbands. The new RRC signalling should be cell-common configuration as the SBFD operation is at the gNB side. 
Proposal 2: Support cell-common semi-static configuration of the time and frequency location of UL/DL subbands and guardband for SBFD operation. 

Dynamic SBFD
In RAN1 #112, it was agreed to study dynamic SBFD scheme for SBFD-aware UEs, specifically whether DL receptions outside semi-statically configured DL subband(s) or whether UL transmissions outside semi-statically configured UL subband are allowed.  The study to consider benefits, performance comparisons to static SBFD and/or dynamic TDD, implementation complexity and switching latency between SBFD and non-SBFD operation.
	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



Dynamic adaptation of the time location of the SBFD symbols could be helpful in some scenarios. For example, when there is strong self-interference (e.g due to clutter) or inter-gNB interference, then SBFD operation may not possible, and network decides to fallback to non-SBFD mode. In some other scenarios, some specific cells may need to adapt the ratio of the SBFD and non-SBFD symbols/slot depending on the cell load and UL/DL traffic. Dynamic update of SBFD symbols enable DL scheduling to improve DL performance and adapt to heavy DL traffic if need across all frequency resources in slots that was earlier configured with UL or DL subbands. 
In addition, dynamically adding more SBFD symbols can further enhance UL coverage when e.g. there are more new joined cell edge UEs. And dynamically adding more SBFD symbols can further reduce UL latency when e.g. there is URLLC traffic showing up at the UE.
In all cases, dynamic indication or update of the SBFD symbols could be helpful and provide more flexibility. This could be achieved by having multiple RRC configuration of subbands configuration and gNB dynamically indicate one of the configurations. In addition, dynamic update of SBFD symbols enables DL scheduling across all frequency resources in slots that was earlier configured with UL or DL subbands.
Observation 1: Dynamic indication/update of the UL/DL subband can be useful in some scenarios, e.g. gNB fallback to non-SBFD mode due to strong interference, better utilization of the resources based on the UL/DL traffic loads and enable dynamic DL scheduling across all freq. resources.
On the other hand, this dynamic adaptation requires some time to allow the gNB enough timeline to swich from TDD to SBFD mode, including the time to switch the antenna/panels from Tx to Rx mode (or vice-versa) and allow for retuning RF/filter (e.g. enable or bypass analog LPF). In such case, an application time could be needed to apply the updated SBFD time pattern. In addition, if the updated SBFD pattern not exchanged to other neighbouring gNBs, it will increase the impact of CLI between the cells. 
Observation 2: Dynamic indication/update of the UL/DL subband comes at the cost of gNB implementation complexity (frequent panels switching and filter/RF tuning), loss of resources due to transition time, and increased inter-gNB CLI. 
In the RAN1 meeting #112bis-e meeting, different signalling options for dynamic SBFD were discussed and the following FL proposals listed some options for indication of dynamic SBFD [5]. 
	FL Proposal:
Study at least the following options for dynamic SBFD.
· 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



It is beneficial for RAN1 to study dynamic update indication for SBFD symbols configured with an UL subband in a legacy downlink or flexible symbol. For example, SBFD configured in a Downlink or Flexible symbol, can be updated to fallback to D or F per symbol or per slot level. On the other hand, non-SBFD D or F symbols can be updated to add more SBFD symbols. This procedure could be achieved by extending the SFI functionality. Dynamic indication/update of the at least time locations of the SBFD subbands could be achieved at a symbol or slot level granularity. The indication can permanently change the periodic (or semi-persistent) pattern of SBFD symbols or can change one or multiple occasions of the SBFD symbols pattern. The update SBFD pattern could be indicated via a bitmap (e.g. for non-continuous resources) or via an offset and length to save overhead (e.g. for continuous resources).  The indication field could be configurable or optional, e.g., default configuration could be no update needed if field is not present. Baseline option could be e.g. indicating for SBFD symbols configured with an UL subband fallback to legacy downlink symbol, and other extension options could be discussed as well, e.g converting non-SBFD symbols to SBFD symbols. 
RAN1 shall also study the signaling option(s) carrying the dynamic update, e.g. via group common DCI, or non-scheduling DCI, or via MAC-CE.  In our views, one of the main motivations to additionally study MAC-CE based update is reliability as compared for example to group-common signalling. Dynamic SBFD update via MA-CE signalling can be UE acknowledged. On the other hand, MAC-CE signalling allow enough timeline for UE to adjust timing, which works good in use case of low or medium traffic load that does not require frequent DCI adaption. MAC-CE can provide a sticky update in which case the update is valid until UE receives another MAC-CE update. Or UE can apply MAC-CE update within a time window, and after the timer expires, it fallback to the default semi-static SBFD pattern.
Proposal 3:Capture the following conclusion in the TR 38.858 on dynamic SBFD.
· Dynamic SBFD enables better utilization of the resources based on the UL/DL traffic loads, enables dynamic DL scheduling across all freq. resources in the symbols and is beneficial to enable gNB fallback to non-SBFD mode due to strong interference or severe inter-gNB CLI.
· Dynamic SBFD increases gNB implementation complexity due to frequent antenna/panels switching and filters/RF tuning, incurs loss of resources due to transition time, and increased inter-gNB CLI.
· Dynamic SBFD can be achieved via group common DCI, or via unicast non-scheduling DCI or via MAC-CE.
· Dynamic SBFD update can be permanent or just for one or multiple SBFD symbols occasions.
· Granularity for dynamic SBFD update can be per symbol or per slot. 
· Dynamic update of SBFD-symbols to non-SBFD symbols and vice versa.

SBFD operation at initial access 
The SBFD-aware UE discussion so far is limited to RRC-CONNECTED UEs. SBFD UL coverage enhancement and other benefits could be leveraged during initial access for RRC-Idle UE as well. If gNB broadcasts the UL/DL subband configuration, e.g., via SIB1, then the SBFD-aware UE will have the knowledge of the time and locations of the UL/DL subband within the initial UL/DL BWPs. 
For RRC idle UE, the knowledge of the UL/DL subband configuration is beneficial during the initial access, as the UE can utilize the UL subbands to enable RACH messages repetition and frequency hopping which enhances UL coverages during initial access. In release 17, msg3 repetition was introduced to improve UL coverage and Rel-18 will specify techniques to enable PRACH repetition. In addition, UL subband will enable configuration of additional RACH occasions (in addition to the ones of configured at the initial UL BWP) which will reduce the RACH collision and reduce latency of the initial access procedure for the UE. 
Proposal 4: Capture the following conclusion into the TR 38.858
UE indication of the UL/DL subband configurations via broadcast message at initial access is beneficial to enable:
· Improve UL coverage for RACH messages by enabling repetition and/or frequency hopping.
· Enable additional RACH occasions which reduce the collision of the CBRA.
· Reduce the latency for random/initial access procedure.
SBFD across multiple component carriers
In the first RAN1 meeting #109e, it was agreed to study SBFD operation within a TDD carrier. In general, SBFD operation can be achieved within a component carrier by dividing the channel bandwidth between the non-overlapping UL and DL subbands. Alternatively, SBFD operation can be achieved across multiple component carrier within an NR band using intra-band CA framework. In our views, SBFD within component carrier should be the baseline in Release-18 study item. 
	Agreement
At least study SBFD operation within a TDD carrier




SBFD operation across multiple component carrier can be achieved using two different design alternatives. The first option is to utilize intra-band CA framework with different TDD DL/UL configurations across the component carriers. The other option is by fully reusing the same concept of SBFD within a component carrier across the component carriers where one or more carrier is operating in SBFD. The two design alternatives are explained in Figure 2‑2. 


               
[bookmark: _Ref127518611][bookmark: _Ref111140323]Figure 2‑2 SBFD using multiple component carriers (intra-band CA)

Observation 3: SBFD operation across multiple component carriers can be achieved using two different design alternatives. 
· Alt1: intra-band CA using different TDD-DL-UL pattern across the CCs
· Alt2: Reusing the same design concept of SBFD within component carrier within one or more CCs.

SBFD operation using multiple components requires UE support of CA as prerequisite while there is inherent UE complexity with the CA framework including cross-CC scheduling and HARQ, uplink carrier aggregation, etc. In addition, there are some limitations with the CA framework, where the subband size has to match component carrier bandwidth which is limited (e.g., 10MH, 15MHz, 20MHz, … 100MHz). So, there is less flexibility on fine granularity of configuring the UL and DL resources. Also, the existence of multiple inter-channel guard band which will reduce the spectral efficiency of the system.  On the other hand, SBFD operation using multiple component carrier for higher frequencies seems possible due to MNO’s spectrum availably. From RAN1 perspective, CA-based SBFD can be supported by reusing Rel-16 half-duplex CA UE behaviour for collision handling across CCs and some collision scenarios can be revisited for SBFD-aware UE.  
Proposal 5: Capture the following conclusion into the TR on Duplex Evolution
· SBFD operation across multiple CCs requires UE supports of CA as prerequisite which has some inherent UE complexity and pending on operator’s intra-band CA support. 
· CA-based SBFD has some limitation where DL and UL BW is restricted to the component carrier bandwidth while the inter-channel guardband can’t be utilized. 
· CA-based SBFD operation more applicable for higher band (e.g. FR2-1) thanks to spectrum availability. 
· From RAN1 perspective, CA-based SBFD can be supported by reusing Rel-16 half-duplex CA UE behaviour for collision handling across CCs with possible revision/update of some collision resolutions  for SBFD-aware UE.  
Techniques and solution for enabling SBFD
This section addresses possible enhancement for SBFD aware UE (i.e., non-transparent SBFD operation) for UL transmission and DL reception across SBFD and non-SBFD symbols.
[bookmark: _Ref115081152]DL Resource allocation 
In the very first RAN1 meeting of Rel-18 study on duplex evolution, it was agreed to study the impact and potential enhancement of resource allocation for SBFD-aware operation. 
	Agreement:
Study the impact/potential enhancements of resource allocation in symbols with subbands that gNB would use for SBFD operation.



Further discussion on resource allocations concluded to study the potential enhancement of DL resource allocation for PDSCH and CSI-RS considering unaligned boundaries. In this section, we address three issues related to DL resource allocation.
	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


PDSCH Freq. Domain Resource Allocation and Partial RBG
Type 0 resource allocation is pretty-much flexible to schedule PDSCH across the two non-contiguous DL subbands, where bits corresponding to the RBGs of UL-SB and the guardband should be indicated as zeros. However, there could be some inflexibility in scheduling granularity especially for large BWP when the DL subbands are not aligned with RBG grid. In current specification, the first and last RBG within the UE DL BWP could be partial, depending on starting RB of the BWP, BWP size and CRB grid, while the rest of the RBGs have the same size is given by parameter P, the nominal RBG size as defined 5.1.2.2.1 of TS 38.214. For BWP sizes larger than 145 RBs, the RBG size is 16 RBs. In some scenarios, where DL subband is not aligned with RBG boundaries as shown in Figure 3‑1, then these two partial RBGs can’t be utilized, and this could result into lower resource utilization. One solution is to extend the current NR designs of partial RBG at the BWP boundaries to enable partial RBGs at the DL subband boundaries as well. 


[bookmark: _Ref134531558]Figure 3‑1 Partial RBG at boundary of the DL subband
In the last RAN1 meeting, this issue was discussed, and two options were listed.  Option-1 allows to introduce up to two extras partial RBGs within the DL BWP (or UL BWP) at the edge or boundaries of the DL (or UL) subband. Option-2 doesn’t allow to use partial RBGs at the edge of the subband boundaries.  
	Agreement
For SBFD-aware UEs, study the at least following options for resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands. For an RBG that overlaps the subband boundary,
· Option 1: 
· Part of the DL RBG inside the DL subband can be used
· Part of the UL RBG inside the UL subband can be used
· Option 2: 
· Part of the DL RBG inside the DL subband cannot be used
· Part of the UL RBG inside the UL subband cannot be used
FFS: The part of the RBG outside.



It was concluded in the last meeting that the RBs of partial DL/UL RBG inside the DL/UL subband can be used (i.e. option 1 is adopted) for maximizing the resource utilization in SBFD symbols. However, the part of the DL RBG outside the DL subband and the part of UL RBG outside the UL subband shall be dropped at least for semi-static SBFD operation in DL and FL symbols. For example, SBFD symbol with DUD pattern and guardband between UL/DL SB, the RBs of the RBG outside UL or DL subband overlap with guardband or other subband should be dropped.
	Agreement
For SBFD-aware UEs, Option 1 with update is agreed for resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands for better resource utilization. 
For an RBG that overlaps the subband boundary,
· Option 1 (with update): 
· The Part of the DL RBG inside the DL subband can be used
· The Part of the UL RBG inside the UL subband can be used



Proposal 6: For Type 0 resource allocation where an RBG overlaps with the subband boundary inside the UE DL (or UL) BWP, the part of the RBG outside the DL (or UL) subband should be dropped at least for semi-static SBFD.
· FFS: part of the RBG outside the subband for dynamic SBFD.
Configured/scheduled DL reception and UL transmission 
It was agreed to study different configurations for UL transmission, e.g. SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots. 
	Agreement:
Study at least the followings for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots:
· Whether/how to have separate resources 
· Whether/how to have separate FH parameters
· Whether/how to have separate UL power control parameters 
· Whether/how to have separate beam/spatial relation 




In the last RAN1 meeting, it was concluded that it is beneficial to have sperate resources, FH parameters, power control and beam/spatial relation for SBFD and non-SBFD symbols. 
	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.



Similar conclusion could be applied for DL reception across SBFD and non-SBFD symbols. gNB can have different transmit configurations (e.g. the different number of transmit antennas, number of ports at the gNB) for PDSCH transmission on SBFD symbols and non-SBFD symbols in different slots. This may affect the QCL assumption. In addition, there is difference in frequency resources, and  signal quality (e.g. in terms of SINR) of the DL reception at the UE in SBFD symbols due to inter-UE CLI.  Then, for CSI-RS and SPS-PDSCH, gNB can configure separate resources or SPS-configurations respectively.  
Proposal 7: Capture the following conclusion in the TR.
For PDSCH and CSI-RS reception in SBFD symbols and non-SBFD symbols in different slots, it is beneficial to have  separate resources/configurations, frequency resources and separate beams/TCI states.

[bookmark: _Ref127514447]CSI-RS and Reporting
Regarding the CSI reporting, when CSI Report is associated with P/SP CSI-RS across SBFD and non-SBFD symbols, two options were listed whether the CSI Report is used or separate CSI reporting. 
	Agreement:
For SBFD-aware UEs, study the following options for CSI report associated with periodic/semi-persistent CSI-RS, at least, 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: separate CSI reporting for SBFD symbols and non-SBFD symbols
· Option 2: same CSI reporting for SBFD symbols and non-SBFD symbols




Then, based on whether the same CSI-RS resource is used for both SBFD and non-SBFD symbols or two CSI-RS resources are explicitly configured for SBFD and non-SBFD symbols respectively, overall, four options were listed for further study.

	                # CI-RS Resources


# CSI-Report
 Configuration
	2 CSI-RS resources
CSI-RS#1 occasion in SBFD-symbols only and CSI-RS#2 occasions in non-SBFD symbols only.
	Single CSI-RS resource 
The CSI-RS occasions are in both SBFD and non-SBFD symbols

	
Two CSI Report Configurations

	Option 1-1
csi-Report1 associated with CSI-RS#1,
csi-Report2 associated with CSI-RS#2
	Option 1-2
Csi-Report1 and Csi-Report2 associated with the same CSI-RS resource

	Single CSI Report Configuration
	Option 2-1
Same Report associated with two CSI-RS resources
	Option 2-2
Same CSI-Report associated with the same CSI-RS



 
	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.




Related to the listed options, RAN1 should first discuss whether and under which conditions the same CSI-RS resource can be used for both SBFD and non-SBFD symbols. In some implementation, the gNB may use different panels for transmission in DL and SBFD symbols which may lead to different number of CSI-RS ports, or different power or beam per port. In other implementations, e.g. antenna optio-2 in AI 9.3.1, the gNB may use same large panel for DL transmission in TDD and SBFD symbols. The gNB antenna configuration will have an impact whether the same CSI report can be used for both SBFD and non-SBFD symbols. For example, if gNB uses different antenna configuration in SBFD and non-SBFD, (e.g. two panels in TDD and single panel in SBFD), then same CSI report configuration can’t be used as the Codebook configuration and associated panel configurations (N1, N2, Ng) may not be the same for CSI reporting in SBFD and non-SBFD symbols.  
Observation 4: When gNB is using different antenna configurations in both SBFD and non-SBFD symbols:
· Same CSI-RS resources may not be used in both SBFD and non-SBFD symbols, as number of CSI-RS ports may be different, depending on gNB antenna configurations.
· Same CSI-Report Config may not be used or suitable for both SBFD and non-SBFD symbols as some report configurations (e.g., Codebook configuration, N1/N2/Ng) depends on gNB antenna configurations. 

The simplest solution is to have different CSI-RS resource configurations for SBFD and non-SBFDs associated with different CSI report configurations. 
Proposal : Capture the following conclusion in the TR 
For the options for CSI reporting 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 1-1: It works regardless of gNB antenna configuration is the same or not in. Restricting CSI-RS in SBFD and non-SBFD can be achieved using proper gNB configuration or some rules. 
· Option 1-2: the definition of reference CSI resource should be changed to associate the CSI-RS occasion with the CS-report type.
· Option 2-1: It require dramatic change of UE behaviour to report CSI measurements using both CSI-RSs in TDM manner. 
· Option 2-2: It has few limitations and restrictions. It may not work when gNB is using different antenna configuration in SBFD and non-SBFD symbols (different #CSI-RS ports, different N1/N2/Ng and codebook) 
· In addition, when for option 1-2 and option 2-2 using singe CSI-RS resource for SBFD/non-SBFD,  if gNB configures two CSI-RS resources in SBFD, it restricts CSI-RS measurements in non-SBFD symbols. 

SBFD dependent signal and channel configuration 
Other than the potential enhancement on resource allocations across SBFD symbols and non-SBFD symbols, RAN1 shall also consider other potential enhancement domains. Other potential enhancement may include DL/UL PC, Rx/Tx timing, beam, BWP/CC configuration/activation, BW/subband configuration, etc. So that TDD and SBFD modes can apply different parameter sets to optimize the operation. With pre-configured TDD and SBFD parameter, UE can implicitly apply the corresponding parameter set at start of corresponding mode, which is beneficial for overhead reduction.
For example, beam configuration can be different for SBFD symbols and non-SBFD symbols. For non-SBFD symbols, gNB will configure best RSRP beam for DL receptions and UL transmissions; however, for SBFD symbols, gNB may not choose the same best RSRP beam due to higher self-interference / higher inter-gNB CLI / higher inter-UE CLI. Alternatively, gNB may configure a different beam / beam pair for DL receptions and UL transmissions. Therefore, RAN1 shall study potential enhancement on beam configuration e.g. different QCL type D for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols.
Proposal : RAN1 to further study separate operation parameters, e.g PC, can be pre-configured for TDD and SBFD slots.
TDD restrictions relaxation
In R15/16 due to TDD operation mode of the gNB, many restrictions rules on time-domain multiplexing of the DL/UL channels and signals were introduced. For instance, UE does not expect to have both dedicated configured reception and transmission on same RRC Flexible symbol. Another example is that UE does not receive PDCCH, PDSCH, CSI-RS on RRC UL symbols and neither transmit PUCCH, PUSCH, PRACH, SRS on RRC DL symbols.  The restrictions on simultaneous configuration of Rx and Tx should be relaxed for SBFD to improve resource utilization, reduce DL/UL switching delay and traffic latency. For example, UE can be scheduled with PDCCH, PDSCH, CSI-RS on valid RO symbols. gNB can prepare for both DL Tx and UL Rx simultaneously and can know either DL or UL is prioritized based on prioritization decision. Associated prioritization rules need to be defined. 


Figure 3‑2: Example for flexible slot restriction in TDD and possible relaxation in SBFD
Observation 5: R15/16 introduced resections on multiplexing DL/UL signals and channels at some slots.
· UE does not expect to have both dedicated configured reception and transmission on Flexible symbol.
· UE doesn’t transmit UL signal/channel at SSB symbol(s) and doesn’t receive DL signal/channel during valid RO (including gap)
· UE doesn’t receive on RRC UL symbols and doesn’t transmit on RRC DL symbols. 

Observation 6: The restriction rules on the DL/UL channel/RS multiplexing can be relaxed in SBFD symbols for a SBFD-aware UE to improve resource utilization, reduce DL/UL switching delay and traffic latency. 
Time domain confliction
In the last RAN1 meeting #110bis-e, it was agreed to study and identify the cases of time domain conflicts for SBFD-aware UE between UL and DL directions in the same SBFD symbols. 
	Agreement
Identify if there are any cases of time domain conflict of UE’s UL and DL operation in the same SBFD symbol for SBFD aware UE 
· If there are, whether/how to avoid/handle such collision cases (as second step)




In general, in order to classify the different scenarios of possible collisions between UL and DL in SBFD symbols, the following definition can be used similar following similar discussion in Rel-16 TEI.
· Semi SFI D and U:  D and U symbols configured by TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated
· Semi SFI F: flexible symbols configured by TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, when provided to a UE, or when TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated are not provided to the UE
· RRC D: symbols corresponding to a higher-layer configured PDCCH, or a PDSCH, or a CSI-RS on semi SFI F of the same cell
· RRC U: symbols corresponding to a higher-layer configured SRS, or PUCCH, or PUSCH, or PRACH on semi SFI F of the same cell
· Dynamic D and U: symbols scheduled as D and U by DCI formats other than DCI format 2_0 on semi SFI F of the same cell.

Proposal : Capture the following conclusion in the TR.
The following time-domain conflicts in SBFD symbols are identified for SBFD-aware UE collision handling.
· Semi SFI D/U vs RRC U/D
· Semi SFI D/U vs Dynamic U/D
· RRC D/U vs RRC U/D
· SBFD symbols with ROs 
· SBFD symbols with SSBs 

ROs in SBFD symbols
Similar to the discussion of SBFD operation in SSB symbols, some ROs may occur in legacy downlink symbols with UL subbands (i.e., SBFD symbols). In current specifications, these ROs are not considered as valid ROs for unpaired spectrum. However, to improve the resource utilization in SBFD symbols, these ROs can be considered be valid for SBFD-aware UE.  
For RRC-connected mode, the UE doesn’t always send PRACH at the RO. Then, in some scenarios where UE doesn’t need to send RACH, the UE can receive downlink. For example, when PDSCH or other DL signal is scheduled or configured with DL reception simultaneously with RO in the same SBFD symbol, then the PDSCH or other DL signal can be prioritized if no RACH is transmitted by same UE on this RO e.g. RACH for BFR, PDCCH order. Otherwise, RO is prioritized over the DL reception.  For DG PDSCH to be prioritized, the corresponding scheduling offset should satisfy a minimum threshold. 
[image: ]
Figure 3‑3: Example for RO multiplexing with DL signal in SBFD symbol
In addition, the relaxed restriction rule can be considered for at least connected mode UE to maximize the benefit. For example, the RO multiplexed with DL signal can be used at least by connected mode UEs. 
Proposal : RO can be configured in UL subband in SBFD symbol for at least RRC connected UEs. 
· FFS: whether RO can be multiplexed with DL signal can be further discussed.
· FFS: whether RO in SBFD symbols can be used at least for only SBFD-aware UEs
Inter-UE CLI (SBFD specific)
CLI measurements in the guardband 
	Agreement
For semi-static SBFD, a SBFD aware UE does not transmit UL channels/signals or receive DL channels/signals on the guardband(s) that the UE is aware of.
· FFS: Measurement in guardband for the purpose of CLI measurement




The frequency resources of the gaurdband are used by the gNB for communication with the UE. That is why the UE doesn’t expect be scheduled/configured to transmit UL channels/signals or receive DL channels/signals on the guardband. However, the UE can still only do CLI-RSSI measurements in these resources as the CLI-RSSI measurement is not DL reception from gNB. 
Proposal :The UE can be configured to measure the CLI-RSSI in the guardband(s).
[bookmark: _Ref131596230]Subband CLI reporting
Rel-16 CLI framework does not support subband CLI reporting, i.e., reporting CLI for one or more configured subbands in the measurement bandwidth. It supports single CLI reporting metric per CLI resource which may not be suitable for measuring CLI leakage from an adjacent subbands in SBFD, since CLI leakage is frequency selective (i.e. CLI power is not uniform over the measurement bandwidth as shown in Figure 3‑4

                     
[bookmark: _Ref127524509][bookmark: _Ref111190859]Figure 3‑4: CLI subband reporting

Observation 7: Rel-16 CLI framework does not support subband CLI reporting, i.e., reporting CLI metric for one or more subbands in the measurement bandwidth. 
Observation 8: In SBFD, CLI leakage to adjacent subbands is not uniform over the measurement bandwidth and may require subband CLI reporting.
To reduce the reporting overhead, similar concept of CLI threshold could be reused. Where only UE report CLI measurements in specific subbands where CLI exceed the CLI threshold. In addition, differential CLI differential report can be considered to reduce ovheread where an absolute CLI value is reported for strongest SB and relative values reported for other SBs.
Proposal : Capture the following conclusion in the TR
It is beneficial to configure subband-based inter-UE CLI reporting for accurate measurement of CLI leakage in SBFD. 
· The subband configurations could be same or different sizes.
· To reduce subband CLI reporting overhead, UE report CLI measurements in specific subband(s) where CLI exceeds a configured CLI threshold. 
· Differential CLI reporting could be considered to reduce the overhead. 

Relevant info exchange and CLI measurements usage
The CLI measurements at the victim UE could be due to aggressor UEs in the same cell (intra-cell CLI) or aggressor UE in adjacent cells (inter-cell CLI).  Relevant information exchange is helpful for the inter-cell CLI use-case. In that scenario, gNB can either exchange the CLI resource configurations and/or CLI measurements.  This exchange of information is beneficial to identity aggressor Ues which is helpful for scheduling decision and UE grouping as discussed in section 2.8.
Proposal : Capture the following conclusion in the TR.
It is beneficial to have gNBs exchange information of the CLI resource configurations and/or CLI measurements.  
Self-Interference at the gNB and time misalignment 
	Conclusion
Time misalignment at gNB between UL receptions and DL transmissions due to configuration of non-zero NTA,offset at UE can lead to increased interference assuming no gNB transmit chain side impairments and no filtering of DL subband(s) in the gNB Rx chain.
· FFS the case with gNB transmit chain impairments and/or filtering of DL subband(s) in the gNB Rx chain
· FFS whether/how to mitigate the interference increase, including impact to legacy UEs



The FFT window of the gNB receiver is set based on the UL timing. With SBFD operation, the direct interference will be combined to the UL signal. Although the interference (i.e. DL signal) in the DL subband, however due to Tx chain non-linearity, there is a leakage component in the UL-subband. Due to the configuration of non-zero TA offset, there is time miss-alignment between intended UL signal and DL interfence which will result into ICI. Using a subband filter at the gNB receiver, either as a baseband filter or analog filter, it will reduce the interference power in the DL subband which will reduce the impact of ICI. However, this filter should be used only in the SBFD symbols and should be bypassed in UL symbols. This will require some switching period and implementation efforts. On the hand, introducing RF subband filter will impact gNB receiver and introduce insertion loss. 
Observation 9: With the configuration of non-zero NTA,offset , a subband Rx filter can reduce the impact of ICI due to time misalignment of the interference and UL signal. However, it requires special handling by gNB implementation to bypass the fitler in UL symbols which could incur some switching time/delay. In addition, these filters could introduce some insertion loss. 
To reduce the impact of self-interference without the use of subband filtering, the UL and DL timing could be aligned by configuration of non-zero NTA,offset. After RRC connection, the gNB can configure the n-TimingAdvanceOffset with value 0. This may resolve the misalignment issue; however, it does impact the inter-gNB CLI. On the other hand, if setting zero value of the TA-offset is applicable at SBFD slots for SBFD-aware UE only, then legacy UEs still assume non-zero TA offset which may impact alignment of UL timing at gNB across the different UEs. 
Observation 10: With the configuration of zero NTA,offset for all UL transmission in SBFD and non-SBFD symbols, the impact of self-interference due to time misalignment is reduced. However, it may increase the impact inter-gNB CLI. 
Observation 11: With the potential enhancement of configuration of zero NTA,offset for UL transmission in SBFD, legacy UE and SBFD-aware UE multiplexing in SBFD symbols is challenging. 
Views on draft TR 38.858
In RAN1 #112bis-e, it was agreed to endorse the text proposal in R1-2303639 for the TR with the following update.
	6.1.1.3  SBFD operation in symbols configured as flexible in TDD-UL-DL-ConfigCommon
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, the following optionsalternatives are studied for SBFD aware UEs,
OptionAlt 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
OptionAlt 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




The agreements and conclusion made over RAN1 #112bis-e and RAN1 #113 are to be captured into the TR. In the appendix, we share our views as an example of a TP capturing these agreements and conclusions into section 6 of the TR. 
Views on Rel-19 work item on SBFD
Motivation of gNB SBFD operation:
Compared to semi-static TDD, SBFD improve UL coverage by enabling UE to continuously transmit in the UL-subband across multiple SBFD slots. In addition, SBFD reduces the UL latency by having UL opportunity in almost every slot and additionally improve A/N feedback duty cycle.
gNB SBFD operation can be done in either transparent method or non-transparent by indicating to the UE the time and frequency locations of the UL/DL subbands.  RAN1 discussed both options and prioritized the discussion of non-transparent SBFD scheme based on indicating to the UE the gNB UL/DL subband configurations. Non-Transparent SBFD operation resolves the limitation/restriction of transparent SBFD (e.g. rely only on dynamic scheduling) and allow for the following benefits:
· SBFD-aware UE can utilize the SB knowledge to enhance the receiver/transmit filters to reduce impact of inter-UE cross-link interference (CLI) and/or achieve further power savings benefits (e.g reducing sampling rate)
· SBFD-aware can transmit UL in RRC configured DL symbols.
· Enhancement for the resource allocation and transmission/reception parameters (e.g., power control)
· Enable slots dependent configurations (e.g power control and beam/spatial relation)
Objective of the work item
The scope of possible Rel-19 work item on gNB SBFD peration should focus on the scenarios discussed in Rel-18 study item, mainly SBFD operation within a TDD carrier based on semi-static SBFD operation for RRC-connected UE as baseline. Accordingly, the following are the proposed objective of the WI. 
Objective #1: semi-static SBFD operation within a TDD carrier [RAN1, RAN2]
· Specify SBFD UL/DL subbands time and frequency configuration/indication to SBDF-aware UE in RRC-connected mode.
· SBFD-aware UE behavior/operation in SBFD symbols (D/F symbol with configured UL subband) 
· SBFD operation in SSB symbols
· SBFD collision handling and priority rules between conflicting UL and DL 

Objective #2: Enhancement for resource allocation and transmission/reception parameters of UL/DL signals and
channels for SBFD-aware UE [RAN1]
· UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots 
channels for SBFD-aware UE 
· UL transmissions and DL receptions occasions in a slot with SBFD and non-SBFD symbols.
· Unaligned boundaries between DL resources and SBFD subbands

Objective #3 SBFD-specific inter-UE and inter-gNB CLI enhancement [RAN1]

Objective #4 Specify potential enhancement for extension of SBFD operation across component carriers [RAN1]
Objective #5 RF requirements [RAN4]
· specify BS OTA and conducted RF requirements for SBFD operation.
·  Impact on UE RF requirements based on the outcome of study item. 

Conclusion 
In this contribution, we discussed the feasibility and techniques for enabling subband non-overlapping full duplex including interference mitigation and coexistence with legacy. Here is the list of the proposals and observations:
Proposal 1: The period for SBFD operation is based on the periodicity of the TDD-DL-UL pattern(s). 
· Semi-static SBFD pattern applied per each TDD pattern.

Proposal 2: Support cell-common semi-static configuration of the time and frequency location of UL/DL subbands and guardband for SBFD operation. 

Proposal 3:Capture the following conclusion in the TR 38.858 on dynamic SBFD.
· Dynamic SBFD enables better utilization of the resources based on the UL/DL traffic loads, enables dynamic DL scheduling across all freq. resources in the symbols and is beneficial to enable gNB fallback to non-SBFD mode due to strong interference or severe inter-gNB CLI.
· Dynamic SBFD increases gNB implementation complexity due to frequent antenna/panels switching and filters/RF tuning, incurs loss of resources due to transition time, and increased inter-gNB CLI.
· Dynamic SBFD can be achieved via group common DCI, or via unicast non-scheduling DCI or via MAC-CE.
· Dynamic SBFD update can be permanent or just for one or multiple SBFD symbols occasions.
· Granularity for dynamic SBFD update can be per symbol or per slot. 
· Dynamic update of SBFD-symbols to non-SBFD symbols and vice versa.

Proposal 4: Capture the following conclusion into the TR 38.858
UE indication of the UL/DL subband configurations via broadcast message at initial access is beneficial to enable:
· Improve UL coverage for RACH messages by enabling repetition and/or frequency hopping.
· Enable additional RACH occasions which reduce the collision of the CBRA.
· Reduce the latency for random/initial access procedure.

Proposal 5: Capture the following conclusion into the TR on Duplex Evolution
· SBFD operation across multiple CCs requires UE supports of CA as prerequisite which has some inherent UE complexity and pending on operator’s intra-band CA support. 
· CA-based SBFD has some limitation where DL and UL BW is restricted to the component carrier bandwidth while the inter-channel guardband can’t be utilized. 
· CA-based SBFD operation more applicable for higher band (e.g. FR2-1) thanks to spectrum availability. 
· From RAN1 perspective, CA-based SBFD can be supported by reusing Rel-16 half-duplex CA UE behaviour for collision handling across CCs with possible revision/update of some collision resolutions for SBFD-aware UE.  

Proposal 6: For Type 0 resource allocation where an RBG overlaps with the subband boundary inside the UE DL (or UL) BWP, the part of the RBG outside the DL (or UL) subband should be dropped at least for semi-static SBFD.
· FFS: part of the RBG outside the subband for dynamic SBFD.

Proposal 7: Capture the following conclusion in the TR.
For PDSCH and CSI-RS reception in SBFD symbols and non-SBFD symbols in different slots, it is beneficial to have separate resources/configurations, frequency resources and separate beams/TCI states.
Proposal 8: Capture the following conclusion in the TR 
For the options for CSI reporting 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 1-1: It works regardless of gNB antenna configuration is the same or not in. Restricting CSI-RS in SBFD and non-SBFD can be achieved using proper gNB configuration or some rules. 
· Option 1-2: the definition of reference CSI resource should be changed to associate the CSI-RS occasion with the CS-report type.
· Option 2-1: It require dramatic change of UE behaviour to report CSI measurements using both CSI-RSs in TDM manner. 
· Option 2-2: It has few limitations and restrictions. It may not work when gNB is using different antenna configuration in SBFD and non-SBFD symbols (different #CSI-RS ports, different N1/N2/Ng and codebook) 
· In addition, when for option 1-2 and option 2-2 using singe CSI-RS resource for SBFD/non-SBFD,  if gNB configures two CSI-RS resources in SBFD, it restricts CSI-RS measurements in non-SBFD symbols. 

Proposal 9: RAN1 to further study separate operation parameters, e.g PC, can be pre-configured for TDD and SBFD slots.
Proposal 10: Capture the following conclusion in the TR.
The following time-domain conflicts in SBFD symbols are identified for SBFD-aware UE collision handling.
· Semi SFI D/U vs RRC U/D
· Semi SFI D/U vs Dynamic U/D
· RRC D/U vs RRC U/D
· SBFD symbols with ROs 
· SBFD symbols with SSBs 

Proposal 11: RO can be configured in UL subband in SBFD symbol for at least RRC connected UEs. 
· FFS: whether RO can be multiplexed with DL signal can be further discussed.
· FFS: whether RO in SBFD symbols can be used at least for only SBFD-aware UEs

Proposal 12: The UE can be configured to measure the CLI-RSSI in the guardband(s).
Proposal 13: Capture the following conclusion in the TR
It is beneficial to configure subband-based inter-UE CLI reporting for accurate measurement of CLI leakage in SBFD. 
· The subband configurations could be same or different sizes.
· To reduce subband CLI reporting overhead, UE report CLI measurements in specific subband(s) where CLI exceeds a configured CLI threshold. 
· Differential CLI reporting could be considered to reduce the overhead. 

Proposal 14: Capture the following conclusion in the TR.
It is beneficial to have gNBs exchange information of the CLI resource configurations and/or CLI measurements.  
Observation 1: Dynamic indication/update of the UL/DL subband can be useful in some scenarios, e.g. gNB fallback to non-SBFD mode due to strong interference, better utilization of the resources based on the UL/DL traffic loads and enable dynamic DL scheduling across all freq. resources.
Observation 2: Dynamic indication/update of the UL/DL subband comes at the cost of gNB implementation complexity (frequent panels switching and filter/RF tuning), loss of resources due to transition time, and increased inter-gNB CLI. 
Observation 3: SBFD operation across multiple component carriers can be achieved using two different design alternatives. 
· Alt1: intra-band CA using different TDD-DL-UL pattern across the CCs
· Alt2: Reusing the same design concept of SBFD within component carrier within one or more CCs.

Observation 4: When gNB is using different antenna configurations in both SBFD and non-SBFD symbols:
· Same CSI-RS resources may not be used in both SBFD and non-SBFD symbols, as number of CSI-RS ports may be different, depending on gNB antenna configurations.
· Same CSI-Report Config may not be used or suitable for both SBFD and non-SBFD symbols as some report configurations (e.g., Codebook configuration, N1/N2/Ng) depends on gNB antenna configurations. 

Observation 5: R15/16 introduced resections on multiplexing DL/UL signals and channels at some slots.
· UE does not expect to have both dedicated configured reception and transmission on Flexible symbol.
· UE doesn’t transmit UL signal/channel at SSB symbol(s) and doesn’t receive DL signal/channel during valid RO (including gap)
· UE doesn’t receive on RRC UL symbols and doesn’t transmit on RRC DL symbols. 

Observation 6: The restriction rules on the DL/UL channel/RS multiplexing can be relaxed in SBFD symbols for a SBFD-aware UE to improve resource utilization, reduce DL/UL switching delay and traffic latency. 
Observation 7: Rel-16 CLI framework does not support subband CLI reporting, i.e., reporting CLI metric for one or more subbands in the measurement bandwidth. 
Observation 8: In SBFD, CLI leakage to adjacent subbands is not uniform over the measurement bandwidth and may require subband CLI reporting.
Observation 9: With the configuration of non-zero NTA,offset , a subband Rx filter can reduce the impact of ICI due to time misalignment of the interference and UL signal. However, it requires special handling by gNB implementation to bypass the fitler in UL symbols which could incur some switching time/delay. In addition, these filters could introduce some insertion loss. 
Observation 10: With the configuration of zero NTA,offset for all UL transmission in SBFD and non-SBFD symbols, the impact of self-interference due to time misalignment is reduced. However, it may increase the impact inter-gNB CLI. 
Observation 11: With the potential enhancement of configuration of zero NTA,offset for UL transmission in SBFD, legacy UE and SBFD-aware UE multiplexing in SBFD symbols is challenging. 
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Appendix (TP on section 6 of TR 38.858)

--------------------------------------------------------- Start of text proposal ----------------------------------------------------------------
1. [bookmark: _Toc18384][bookmark: _Toc104488344][bookmark: _Toc141084591]Subband non-overlapping full duplex (SBFD)
Editor's note: This section captures the schemes of SBFD and their feasibility from specification design point of view. gNB self-interference handling schemes (e.g., spatial isolation, subband frequency isolation, digital interference cancellation and beamform nulling/isolation, etc.) and their feasibilities can be discussed in RAN4 and captured in section 9. Subsections may be added or removed under this section depending on the discussion in RAN1.
[bookmark: _Toc104488345][bookmark: _Toc23871][bookmark: _Toc141084592]General aspects of SBFD schemes
Editor's note: This section captures the general aspects of SBFD schemes except self-interference, inter-gNB and inter-UE CLI handling schemes.
[bookmark: _Toc19147][bookmark: _Toc141084593]SBFD Operations
For discussion purpose, for SBFD operation within a TDD carrier, a SBFD subband consists of 1 RB or a set of consecutive RBs for the same transmission direction. For discussion purpose, SBFD symbol is defined as symbol with subbands that gNB would use for SBFD operation.
SBFD operation within a TDD carrier is studied and SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies is the baseline. 
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
The time and frequency location of subbands within a TDD carrier are not fixed in the specification. Regarding whether to inform the UE of the time and/or frequency location of subbands that gNB would use for SBFD operation, the following alternatives are studied with Alt 4 prioritized at least for RRC_CONNECTED state. 
-	SBFD operation Alt 1:
-	Time and frequency locations of subbands for SBFD operation are not known to UEs. 
-	UE behaviors follow existing specifications without introducing new UE behaviors for SBFD operation at gNB side.
-	SBFD operation Alt 2:
-	Time and frequency locations of subbands for SBFD operation are not known to UEs. 
-	UE behaviors for non-SBFD aware UEs follow existing specifications.
-	From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs
-	SBFD operation Alt 3:
-	Only time location of subbands for SBFD operation is known to SBFD aware UEs. 
-	UE behaviors for non-SBFD aware UEs follow existing specifications.
-	From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs based on the time location of subbands for SBFD operation 
-	SBFD operation Alt 4:
-	Both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs. 
-	UE behaviors for non-SBFD aware UEs follow existing specifications.
-	From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs based on the time and frequency locations of subbands for SBFD operation.
Among the four alternatives, SBFD operation Alt 4 is agreed as the baseline for SBFD operation at least for RRC_CONNECTED state.
[bookmark: _Toc7310][bookmark: _Toc141084594]Semi-static configuration of SBFD subbands
For indication of subband locations for SBFD operation, semi-static configuration of subband time and frequency location is studied as baseline. For semi-static configuration of subband time locations for SBFD operation, it is agreed that explicit configuration of SBFD subband time locations within a period is the baseline. For semi-static configuration of subband frequency locations for SBFD operation, at least explicit indication of frequency location of UL subband is required. Furthermore, 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. For semi-static configuration of subband location, same subband frequency resources across different SBFD symbols are considered as baseline.
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).

[bookmark: _Toc11326][bookmark: _Toc141084595]SBFD operation in symbols configured as DL in TDD-UL-DL-ConfigCommon
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
In addition, 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 for SBFD aware UEs are studied based on the following options:
-	Option 1 (semi-static SBFD): DL receptions outside semi-statically configured DL subband(s) are not allowed
-	Option 2: (dynamic SBFD): DL receptions outside semi-statically configured DL subband(s) are allowed 
[bookmark: _Toc12720][bookmark: _Toc141084596]SBFD operation in symbols configured as flexible in TDD-UL-DL-ConfigCommon
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, the following alternatives are studied for SBFD aware UEs,
Alt 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
Alt 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 addition, whether DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband are allowed or not in a symbol configured as flexible in TDD-UL-DL-ConfigCommon for SBFD aware UEs are studied 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 (dynamic SBFD): 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 (dynamic SBFD): DL receptions outside semi-statically configured DL subband(s) are allowed
-	UL transmissions outside the semi-statically configured UL subbands are allowed

SBFD operation in SSB symbols
Whether SBFD operation in SSB symbols is supported or not is studied in RAN1. 
The following options for SBFD operation in SSB symbols were studied.
· Option 1: UL subband cannot be configured in an SSB symbol
· FFS handling of misaligned periodicities between SSB and semi-static SBFD subband time location configuration
· Option 2: An UL subband can be configured in an SSB symbol
· FFS whether/when and/or under which conditions an SBFD-aware UE transmits in the UL subband or may receive SSB in the symbol.
RAN1 concluded that 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
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.

Slot with both SBFD and non-SBFD symbols
RAN1 studied whether or not a slot can consist of both SBFD and non-SBFD symbols including
-	Benefits
-	Use cases
-	Scheduling flexibility
-	Implementation complexity 
-	Compatibility with legacy TDD DL/UL configuration
The following RAN1 observation is made:
One motivation for allowing that a slot can consist of both SBFD and non-SBFD symbols is for compatibility with symbol-level TDD UL/DL configuration.
Frequent switching between SBFD and non-SBFD symbols may increase the implementation complexity and interruptions of transmissions/receptions during transition. 
· Further study whether limitation(s) on the maximum number of transition points between SBFD and non-SBFD symbols within a slot, a TDD UL/DL pattern period, and/or semi-static SBFD configuration period (if different from TDD UL/DL pattern period) are needed
· Further study scenarios a guard period between SBFD and non-SBFD symbols is required/not required and the length of the guard period if required
Note: Whether or not a physical channel/signal occasion is mapped to both SBFD and non-SBFD symbols within a slot is a separate discussion.
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.
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.

Guard band 
For semi-static SBFD, a SBFD aware UE does not transmit UL channels/signals or receive DL channels/signals on the guardband(s) that the UE is aware of.
· FFS: Measurement in guardband for the purpose of CLI measurement

[bookmark: _Toc31110][bookmark: _Toc141084597]Impact and potential enhancements for transmissions and receptions
6.1.2.1 	UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots
Impact and potential enhancements for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols, including at least the following, are studied:
-	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 

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 options are studied 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

For the two options 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.

For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), if the transmissions/receptions can be in SBFD symbols and non-SBFD symbols with different available resources, study at least the following frequency resource allocation options for PDSCH, CSI-RS, PUSCH, PUCCH, SRS for SBFD-aware UE:
· Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots. 
· Option 1-1: Separate FDRA configurations/indications for SBFD slots and non-SBFD slots
· Option 1-2: Separate frequency resources determined for SBFD slots and non-SBFD slots based on single FDRA configuration/indication 
· Option 1-3: single FDRA configuration/indication and RB offset(s)
· Option 2: Perform rate matching or puncturing on the RBs outside DL/UL subbands for DL/UL channels/signals. 
· Option 3: A DL/UL channel/signal overlapping with RBs outside DL/UL subbands in a SBFD slot is dropped or postponed.
Note: Different options can be studied for different signals/channels.
For SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots, at least the followings are studied:
-	Whether/how to have separate resources
-	Whether/how to have separate FH parameters
-	Whether/how to have separate UL power control parameters
-	Whether/how to have separate beam/spatial relation

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.

6.1.2.2		UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in a slot
RAN1 Studied whether the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE, and whether a UE can transmit/receive in the occasion mapped to SBFD symbols and non-SBFD symbols including:
· Use-case(s) including the locations and number of switching points of the SBFD and non-SBFD symbols in the slot.
· Potential benefits if any
· Phase continuity
· Potential interruption of transmissions/receptions during transition
· Required guard time if any
· Potential impact on performance
· Impact on link adaptation, channel estimation, and other procedures
· UL transmission timing if any
· Implementation complexity
· Applicability for SBFD aware UE and non-SBFD aware UEs
· NOTE: There are more than one scenario where a transmission overlaps SBFD and non-SBFD symbols and some may or may not face the aspects listed above
· NOTE: This study doesn’t mean RAN1 agreement on a slot consisting of SBFD and non-SBFD symbols. 
RAN1 concluded that 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

6.1.2.3		Unaligned boundaries between DL resources and SBFD subbands
RAN1 studied 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

6.1.2.3.1 	RBG
For SBFD-aware UEs, at least the following options for resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands are studied. For an RBG that overlaps the subband boundary,
-	Option 1: 
-	Part of the DL RBG inside the DL subband can be used
-	Part of the UL RBG inside the UL subband can be used
-	Option 2: 
-	Part of the DL RBG inside the DL subband cannot be used
-	Part of the UL RBG inside the UL subband cannot be used

For SBFD-aware UEs, Option 1 with update is agreed for resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands for better resource utilization. 
For an RBG that overlaps the subband boundary,
· Option 1 (with update): 
· The Part of the DL RBG inside the DL subband can be used
· The Part of the UL RBG inside the UL subband can be used

6.1.2.3.1 	PRG
For SBFD-aware UEs, at least the following issues for PDSCH are studied:

-	PRG(s) with size of 2 and 4 that overlaps with subband boundary 
-	Wideband precoder in case of non-contiguous DL subbands

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

If PRG is determined as wideband, RAN1 studied the following two options:
· Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
· FFS: Precoding assumption within and across the two DL subbands
· Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
The study should include the impact on UE complexity.

RAN1 concluded that 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.

6.1.2.3.1 	CSI-RS resource and CSI reporting subband

RAN1 agreed on the following:

· For semi-static SBFD, for a CSI-RS resource which overlaps with SBFD subband boundaries, only CSI-RS resources within DL subband(s) are valid for SBFD-aware UE.
· For semi-static SBFD, for a CSI reporting subband which overlaps with SBFD subband boundaries, CSI report is derived based on CSI-RS resources excluding CSI-RS resources outside DL subband(s).


6.1.2.4	CSI-RS across downlink subbands
Frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs are studied 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) 

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
· 
6.1.2.5	CSI report associated with periodic/semi-persistent CSI-RS
For SBFD-aware UEs, the following options are studied for CSI report associated with periodic/semi-persistent CSI-RS, at least, 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: separate CSI reporting for SBFD symbols and non-SBFD symbols
-	Option 2: same CSI reporting for SBFD symbols and non-SBFD symbols

For SBFD-aware UEs, 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 are studies:
· 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.
6.1.2.6	PDCCH
For the case that: 
(a) The monitoring periodicity of a search space is such that different monitoring occasions in different slots occur in SBFD and non-SBFD symbols, respectively, and,
(b) The associated CORESET overlaps the boundary of a DL subband in SBFD symbols
Consider whether/how the above could be supported considering both existing tools in specifications on CORESET and search space configuration as well as at least the following options for potential enhancement for SBFD-aware UE:
· Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
· Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
· Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
· Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)
· Option 5: Separate search spaces associated with a CORESET in SBFD and non-SBFD symbols
Note: Whether these enhancements are applicable to only USS or also CSS

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 

[bookmark: _Toc104488347][bookmark: _Toc30835][bookmark: _Toc141084598]6.2	Inter-gNB CLI handling schemes specific for SBFD
Editor's note: This section captures the potential inter-gNB CLI handling schemes that are specific for SBFD.
[bookmark: _Toc7054][bookmark: _Toc141084599]6.3	Inter-UE CLI handling schemes specific for SBFD
Editor's note: This section captures the potential inter-UE CLI handling schemes that are specific for SBFD.
For inter-UE inter-subband CLI measurement, at least the following methods are studied:
-	Method#1: victim UE measures RSSI within DL subband
-	Method#2: victim UE measures RSRP of aggressor UE within UL subband
-	Method#3: victim UE measures RSSI within UL subband 
-	Note: the restriction in Rel-16 that CLI is only measured within DL BWP does not forbid UE to measure CLI in UL subband when UL subband is confined within DL BWP.

For UE-to-UE CLI-RSSI measurement/report across downlink subbands, the following alternative for method 1 were studied:
· Alt-1: separate CLI-RSSI measurement resources/reports in each DL subband
· Note: supported in existing specifications
· Alt-2: CLI-RSSI measure/report in one DL subband only
· Note: supported in existing specifications
· Alt-3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands
· FFS: report single or separate CLI-RSSI report(s) 
· FFS: details on determination of non-contiguous CLI-RSSI resource allocation 

For the three alternatives agreed to be studied for UE-to-UE CLI-RSSI measurement/report across downlink subbands, the following observations are agreed.
· Alt-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. 
· Alt-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.
· Alt-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.

For inter-UE inter-subband CLI measurement, RAN1 studies Method#2 and Method#3 considering:
· Necessity/benefit compared with measurement within DL subband
· Whether/how to estimate CLI from RSRP/RSSI measurements within UL subband / guardband
· Whether UE is required to measure RSRP/RSSI within UL subband and receive DL in DL subband(s) simultaneously
· Whether existing CLI measurement and report framework can be reused to support RSRP/RSSI measurements within UL subband
· If not, identify the potential impact

RAN1 concluded that 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.
6.4	UL/DL time misalignment at gNB and self-interference

Time misalignment at gNB between UL receptions and DL transmissions due to configuration of non-zero NTA,offset at UE can lead to increased interference assuming no gNB transmit chain side impairments and no filtering of DL subband(s) in the gNB Rx chain.
· FFS the case with gNB transmit chain impairments and/or filtering of DL subband(s) in the gNB Rx chain
· FFS whether/how to mitigate the interference increase, including impact to legacy UEs


--------------------------------------------------------- End of text proposal ------------------------------------------------------------
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