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[bookmark: _Ref521334010]Introduction
For Rel-18 NR duplex evolution, the followings were agreed in last meeting for subband non-overlapping full duplex [1].
	Agreement
[bookmark: OLE_LINK23]For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, the following is agreed as baseline in the RAN1 study:
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· The frequency location of DL subband(s) can be explicitly indicated or implicitly derived
· DL receptions within DL subband(s) are allowed in the symbol
· Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol

Agreement
For the purpose of RAN1 study, the understanding is that for semi-static configuration of subband frequency locations for SBFD operation, frequency location of UL/DL subband is with reference to CRB grid.

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

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

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


In this contribution, we further discuss subband non-overlapping full duplex based on the above agreements.
Discussion
General aspects of SBFD schemes
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK12][bookmark: OLE_LINK13]SBFD operation in downlink/flexible symbols configured by TDD-UL-DL-ConfigCommon
A baseline SBFD operation where intra-subband CLI can be completely avoided by aligning subband configurations among neighbouring cells should be supported from specification point of view, and this is aligned with deployment Case 1 evaluated in AI 9.3.1. To that end, for the baseline SBFD operation, SBFD subbands should be configured semi-statically only and transmissions in the opposite direction are not allowed in these semi-statically configured subbands in order to avoid intra-subband CLI.
	· Deployment Case 1 (Non-coexistence case with single SBFD subband configuration): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation with the same SBFD subband configuration.


[bookmark: OLE_LINK57][bookmark: OLE_LINK58]The motivation to allow transmissions in the opposite direction in semi-statically configured subbands or dynamically changing SBFD to non-SBFD symbols is for better adaptation of traffic arrival, at the cost of intra-subband CLI and higher signaling overhead. The benefit needs to be further studied from both performance and complexity perspectives.
Proposal 1: It is agreed that for baseline SBFD operation, same SBFD subband configuration across all the cells in the same carrier is used to completely avoid intra-subband CLI .

For SBFD operation in symbols configured as DL in TDD-UL-DL-ConfigCommon, the following was agreed in last meeting as baseline in the RAN1 study for SBFD aware UEs.
	[bookmark: OLE_LINK24][bookmark: OLE_LINK27]Agreement
For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, the following is agreed as baseline in the RAN1 study:
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· The frequency location of DL subband(s) can be explicitly indicated or implicitly derived
· DL receptions within DL subband(s) are allowed in the symbol
· Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol


As discussed above, we support a baseline SBFD operation where transmissions in the opposite direction are not allowed in semi-statically configured subbands to avoid intra-subband CLI. Therefore, the baseline operation would be that DL receptions are not allowed within UL subband in downlink symbols configured by TDD-UL-DL-ConfigCommon.
Proposal 2: For a SBFD aware UE semi-statically configured with UL subband in a symbol configured as DL in TDD-UL-DL-ConfigCommon, it is agreed as baseline that DL receptions within UL subband are not allowed.

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


From our perspective, the intention to support SBFD operation in flexible symbols is to allow non-SBFD aware UEs benefit from SBFD operation and the baseline in proposal 1 still holds in this case. Therefore, we think option 1 should be applied for SBFD in flexible symbols configured by TDD-UL-DL-ConfigCommon. 
Then, for a SBFD aware UE semi-statically configured with UL subband in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, DL receptions within UL subband are not allowed, UL transmissions outside UL subband are not allowed and DL receptions outside UL subband excluding guardband(s) are allowed. 
If a flexible symbol used for GP is semi-statically configured with UL subband, the GP can be reserved by gNB implementation to avoid scheduling in DL subband(s) of GP symbols.


Figure 1:  SBFD in flexible symbols configured by tdd-UL-DL-ConfigurationCommon
Proposal 3: For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, it is agreed as baseline that SBFD aware UE’s behaviours are the same as in symbol configured as downlink in TDD-UL-DL-ConfigCommon.
Enhancements to resource allocation
It was agreed in last meeting to study the impact and benefits of potential enhancements of resource allocation in frequency-domain for SBFD operation, considering unaligned boundaries between resource block group(s)/ reporting subband(s) and SBFD subbands, and including at least the following:
· RBG for PDSCH RA type 0
· CSI reporting configuration
· CSI-RS resource configuration
· PRG of PDSCH

RBG for PDSCH RA type 0
With the presence of UL subband in SBFD symbols, there need to be potential scheduling restrictions to avoid PDSCH to be overlapped with UL subband/guardband. As an example shown in Figure 2, when the subband/guardband boundary is not aligned with RBG boundary, an RBG may include RBs for DL and RBs for UL/guardband. To avoid PDSCH to be overlapped with UL subband and guardband, the RBG cannot be assigned for PDSCH with RA type 0 and this leads to waste of RB resource.


[bookmark: _Ref118131342]Figure 2: unaligned boundary between RBG and subband
A simple solution is to rate match PDSCH including DMRS around unavailable time and frequency resources including UL subband and guard band. 
This solution can also be applied for PUSCH RA type 0 and PDSCH RA type 1. For PUSCH RA type 0, same issue as shown in Figure 2 exists when the UL subband boundary is not aligned with RBG boundary. For PDSCH RA type 1, for non-interleaved VRB-to-PRB mapping, only consecutive PRBs can be assigned for a PDSCH. If the DL frequency resources are segmented into two parts by an UL subband, a PDSCH can only be allocated within one DL subband to avoid overlapping with UL subband and guardband, which limits the DL throughput for a UE. For interleaved VRB-to-PRB mapping, there would be limitation/difficulty in RB allocation to avoid mapping the consecutive VRBs to PRBs in UL subband or guard band. 
Rate matching PDSCH/PUSCH including DMRS around UL subband and guard band for SBFD aware UEs avoids the limitation in gNB scheduling and avoids the waste of RB resources, hence it is proposed to study rate matching PDSCH/PUSCH including DMRS around UL subband and guard band for SBFD aware UEs.
Proposal 4: PDSCH and PUSCH including DMRS are rate matched around unavailable resources including UL subband/DL subband and guard band(s) if any for SBFD aware UEs. 

CSI reporting configuration
The boundary of CSI reporting subband may not be aligned with DL subband boundary for SBFD therefore the CSI report for the CSI subband at the edge of DL subband(s) may be not accurate. SBFD aware UE can derive the CSI-RS within DL subband based on the subband location, hence fractional CSI report subband at DL subband boundaries can be studied for CSI report.
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]Proposal 5: Study fractional CSI report subband at DL subband boundaries for CSI report.

CSI-RS resource configuration
In current specifications, CSI-RS is limited to only contiguous FDRA, and the CSI-RS frequency occupancy must be configured in integer multiple of 4 RBs and has size of minimum DL BWP or 24 RBs. With {DUD} subband frequency pattern, the following options were given for CSI-RS resource set frequency domain resource allocation and CSI reporting configuration in last meeting [2]:
· [bookmark: OLE_LINK7]Option 1: Two contiguous CSI-RS resources link to one CSI report
· Option 2: Non-contiguous CSI-RS resource
· Option 2-1: Non-contiguous CSI-RS resource allocation
· Option 2-2: Contiguous CSI-RS resource allocation and non-contiguous CSI-RS resource derived by excluding frequency resources of UL subband and guardband(s)
· Option 3: Contiguous CSI-RS resource configuration with overlapping resources with UL subband and guardband(s)
· Option 3-1: UE skips a CSI measurement and report for a CSI reporting configuration if any CSI-RS resource collides with UL subband or guardband 
· Option 3-2: UE skips the subband CSI reporting to a CSI subband colliding with UL subband and guardband(s)
· Option 3-3: CSI reporting setting configures that the CSI is not reported for CSI subband(s) colliding with UL subband and guardband(s)
There is no corresponding CSI-ReportConfig for periodic TRS, so Option 1 is not applicable in this case. UE does not report CSI for CSI-RS resources configured for beam measurement or TRS, so Option 3 is not applicable in this case. Hence, only option 2 can be applied as a common solution for both CSI-RS and TRS. In addition, option 1 does not resolve the issue when the DL subband boundary is not aligned with the boundary of RB group for CSI-RS configuration with 4 RB granularity.  
Between Option 2-1 and Option 2-2, Option 2-1 requires RRC signaling structure change considering that only continuous CSI-RS resource configuration is supported by current RRC signaling. Given that the subband/guardband position is known to SBFD aware UEs, Option 2-2 is preferred.
Proposal 6: Study contiguous CSI-RS resource allocation and non-contiguous CSI-RS resource derived by excluding frequency resources of UL subband and guardband(s).

PRG of PDSCH
PRG was defined for PDSCH PRB bundling, the size of PRG can be configured as one of {2, 4, wideband} and each PRG consists of consecutive PRBs, the same precoder is assumed by UE for the PRBs in the same PRG. When the subband/guardband boundary is not aligned with PRG boundary, a PRG may include RBs for DL and RBs for UL/guardband. There are strong desire from chipset implementation that PRG size should be aligned with resource allocation granularity, and this is the reason why the RBG size should not be smaller than PRG as defined in specification. Fractional PRGs at subband boundaries should be studied if downlink reception is not supported in UL subband. 
If non-contiguous FDRA across DL subbands is supported, the current wideband PRG cannot be applied if the allocated PRBs are non-contiguous since UE cannot do joint channel estimation in non-contiguous PRBs. In this case, the wideband PRG can be reinterpreted as the same precoder is applied to the allocated resource in each DL subband in SBFD symbols.
Proposal 7: Study fractional PRGs at subband boundaries for PDSCH PRB bundling.
Proposal 8: Study reinterpretation of wideband PRG assuming the same precoder is applied to the allocated resource in each DL subband if non-contiguous PDSCH is supported in SBFD symbols.

Transmissions and receptions across SBFD symbols and non-SBFD symbols
Considering the different available resources in SBFD symbols and non-SBFD symbols, it was agreed in last meeting to study the impact and potential enhancements for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols, including at least the following:
· PDCCH, scheduled/configured PUCCH/PUSCH/PDSCH, without repetition in SBFD symbols and non-SBFD symbols
· Scheduled/configured SRS/CSI-RS in SBFD symbols and non-SBFD symbols
· Scheduled/configured TBoMS across SBFD symbols and non-SBFD symbols with or without repetition
· Multi-PUSCH/PDSCH scheduled by a single DCI in SBFD symbols and non-SBFD symbols
· Scheduled/configured PDSCH/PUSCH/PUCCH with repetitions across SBFD symbols and non-SBFD symbols
Note: Inter-slot/intra-slot/inter-repetition/inter-group frequency hopping with DMRS bundling of PUSCH/PUCCH, if applicable, is considered.

PUCCH/PUSCH/PDSCH/PDCCH without repetition in SBFD symbols and non-SBFD symbols
According to current specification, a single PUCCH configuration is provided per PHY priority which is applicable to all the slots. Considering the different available resources for PUCCH transmissions in SBFD slot and full UL slot, the PUCCH configuration needs to consider both SBFD slot and full UL slot in one PUCCH resource set following the existing design, which would degrade the PUCCH resource allocation flexibility. 
One possible enhancement is to increase the number of PUCCH resources within a PUCCH resource set, but this would increase the DCI overhead due to larger PRI bit field. Alternatively, separate PUCCH configurations for SBFD symbols and non-SBFD symbols can be considered, this also enable separate PUCCH power control parameter configurations for SBFD symbols and non-SBFD symbols.
Proposal 9: Study the benefit and specification impacts to support separate configurations for PUCCH transmission configuration in SBFD symbols and non-SBFD symbols.
For PDCCH resource allocation, non-contiguous frequency domain resource allocation is supported from Rel-15. CORESET configuration can be confined in the DL subband, but it may limit the PDCCH capacity in full DL symbols. Different CORESETs can be configured for SBFD symbols and non-SBFD symbols, and increase of the maximum number of CORESETs and search spaces can be one potential enhancement. But the potential UE implementation complexity increase should be considered.
Proposal 10: FFS whether enhancement on PDCCH resource allocation in SBFD symbols and non-SBFD symbols is needed.
For SPS PDSCH or CG PUSCH, if the transmission occasions exist in both SBFD symbols and non-SBFD symbols, some transmission occasions in SBFD symbols may be invalid for the SPS PDSCH or CG PUSCH. The simplest solution is to ignore the invalid transmission occasions. 
Proposal 11: The invalid SPS PDSCH or CG PUSCH occasions in SBFD symbols can be ignored.
The available UL frequency resources are different in SBFD symbols and non-SBFD symbols. For PUSCH RA type 1, a single FH offset is applied with respect to the frequency location of the first hop so there would be limitation for PUSCH frequency hopping to avoid the case that the second hop is out of UL subband. Hence for SBFD aware UE, the RBs for the second hop can be determined based on the UL subband so that the second hop is always within the UL subband. 
In addition, different FH offset in SBFD symbols and non-SBFD symbols can be studied, since a common FH offset may cause inefficient frequency hopping offset in SBFD symbols. For example, if a FH offset is configured based on a full UL slot, it may be larger than the bandwidth of UL subband, then the frequency location of second hop might be very close to the frequency location of the first hop in SBFD slots.
Proposal 12: Study separate frequency hopping bandwidth and FH offset for PUSCH due to different available frequency resources in SBFD symbols and non-SBFD symbols for PUSCH.

SRS/CSI-RS in SBFD symbols and non-SBFD symbols
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]SRS resource is configured based on SRS resource set, a SRS resource set can be configured with different usages. In current specification, an SRS resource set can be configured for ‘codebook’, ‘non-codebook’, ‘beam management’ or ‘antenna switching’. There is limitation for SRS resource set configuration, e.g., at most two SRS resource sets can be configured with usage set to 'codebook' in current specification, and each resource set corresponds to one TRP. In addition, power control parameters are configured for each SRS resource set. 
For SBFD, interference in SBFD symbols and non-SBFD symbols may be different, hence the channel condition/best beam may be different for SRS in SBFD symbol and full UL symbol. Different frequency resources and power may be needed for SRS in SBFD symbol and full UL symbol. It is beneficial that different SRS resource sets can be configured for SBFD symbols and UL symbols.
Proposal 13: Study the benefit and specification impacts to support separate SRS resource configurations for SBFD symbols and non-SBFD symbols.
For periodic/semi-persistent CSI-RS resource, it is possible that the corresponding CSI-RS resource is valid in full DL symbols but is invalid in SBFD symbols. Similar solution as discussed in section 2.1.4 can be reused to solve this issue.
For periodic/semi-persistent CSI report configuration, it is possible that the corresponding reporting subband is valid in full DL symbols but is invalid in SBFD symbols. gNB could avoid this kind of configuration by configuring different CSI report subband for full DL symbols and SBFD symbols, but this would increase the limitation for CSI report configuration if the total number of CSI reports is not increased for a UE. It can be further studied whether enhancement is needed for this case.
Proposal 14: Study the benefit of separate CSI report configurations for SBFD symbols and non-SBFD symbols.

[bookmark: OLE_LINK50][bookmark: OLE_LINK51]TBoMS across SBFD symbols and non-SBFD symbols
For TBoMS introduced in Rel-17 CE, the slots used for TBoMS are determined based on available slot counting. The same rule can be reused in SBFD system by updating the definition of available slot taking the subband frequency location into account, for example, if partial resources of a TBoMS overlap with DL subband or guardband, then the slot is not considered as an available slot for TBoMS. 
Proposal 15: Study how to define the available slot for TBoMS in SBFD operation.

Multi-PUSCH/PDSCH scheduled by a single DCI in SBFD symbols and non-SBFD symbols
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]For multi-PUSCH/PDSCH scheduled by a single DCI, separate k2/k0 and separate symbol allocations for PUSCH/PUSCH for each PUSCH/PDSCH are supported while same frequency-domain resource allocation is used for the multi-PUSCH/PDSCH. For the multi-PUSCH/PDSCH, gNB could avoid allocating conflicting resource by configuring and indicating proper TDRA. But if gNB cannot avoid the conflict by implementation, enhancement should be considered to support rate matching with unavailable resources or drop the PUSCH/PDSCH in the slot with conflict resource. 
Proposal 16: Study whether enhancement is needed for multi-PUSCH/PDSCH scheduled by a single DCI in SBFD symbols and non-SBFD symbols.

[bookmark: OLE_LINK48][bookmark: OLE_LINK49]PDSCH/PUSCH/PUCCH with repetitions across SBFD symbols and non-SBFD symbols
For PUCCH with repetitions across SBFD symbols and non-SBFD symbols, it is not expected to change the PUCCH resource since the repetitions may not be combined for different polar coding rate. Considering that available slot counting is applied for PUCCH repetition, the same rule can be applied in SBFD operation by updating the definition of available slot.
For PUSCH with repetitions across SBFD symbols and non-SBFD symbols, if available slot counting is enabled, the slots used for PUSCH can be determined in available slot only. The definition of available slot can be updated considering the transmission in SBFD symbols.
For PDSCH repetition or PUSCH repetition without available slot counting across SBFD symbols and non-SBFD symbols, the available resources for the PDSCH/PUSCH may vary across slots as shown in Figure 3. There need be scheduling/configuration restrictions to avoid PDSCH in all the aggregated slots to be overlapped with UL subband and/or to avoid PUSCH in all the aggregated slots to be overlapped with DL subband. In this case, the simplest solution is to omit the transmission in conflict slots.


[bookmark: _Ref118130867]Figure 3: Restriction for slot aggregation

Proposal 17: For PUCCH repetitions or PUSCH repetitions with available slot counting, study how to define the available slot in SBFD operation.
Proposal 18: For PDSCH repetitions or PUSCH repetitions without available slot counting, omit the transmission in conflict slots.
SBFD operation in RRC idle/inactive state 
It was agreed to study SBFD operation at least for RRC_CONNECTED state. Initial access in UL subband was proposed and briefly discussed in previous meetings. Compared with the legacy TDD system, SBFD system has more uplink resources, so it helps reducing the initial access latency. In addition, configuring RO in the uplink subband can increase the transmission opportunity of PRACH, thus reducing the collision probability of PRACH. Moreover, the chance of PRACH transmission in RO is low, so that supporting RO in UL subband may help to reduce inter-subband CLI. Hence, SBFD operation in RRC idle/inactive state should be studied.
[bookmark: OLE_LINK15][bookmark: OLE_LINK20]Proposal 19: Study potential enhancements for SBFD operation in RRC idle/inactive state.
To support SBFD operation in RRC idle/inactive state, transmissions of PRACH, Msg3 PUSCH and PUCCH for Msg4 in UL subband in SBFD symbols should be supported. The SBFD symbols may be configured as DL or flexible in tdd-UL-DL-ConfigurationCommon and validation of PRACH occasion needs to be updated to support valid RO in these symbols. In addition, collision handling between PRACH and DL receptions needs to be studied which is not clear in current specification as discussed in [3].
For Msg3 PUSCH and PUCCH transmissions in UL subband, if frequency hopping is applied, the frequency resource of the second hop determined based on initial UL BWP may be located out of UL subband. For SBFD aware UEs, similar UE behaviors as for RRC_CONNECTED state can be applied to enable Msg3 PUSCH hopping and PUCCH transmission before UE has dedicated PUCCH resource configuration within UL subband. 
As discussed above, it can be seen that the extra workload to support SBFD operation in RRC idle/inactive state is limited.
Proposal 20: For SBFD operation in RRC idle/inactive state, study the following aspects.
· RO validation for PRACH transmissions in SBFD symbols
· Collision handling between PRACH and DL receptions in SBFD symbols
· Frequency hopping for Msg3 PUSCH and PUCCH transmission before UE has dedicated PUCCH resource configuration within UL subband
Subband location indication
SBFD operation is performed from gNB perspective and the frequency resources in SBFD symbols are divided into UL and DL. It is straightforward that the subband time and frequency locations are common for all SBFD aware UEs. Compared with UE-specific signaling, cell-common signaling can make all UEs have same configuration of SBFD subband location and reduce the signaling overhead. It is quite natural to study cell-common indication of subband time and frequency location as baseline.
For UEs in RRC idle/inactive state, information of subband locations is required to enable PRACH transmissions in SBFD symbols, Msg3 frequency hopping within UL subband and PUCCH transmissions before UE has dedicated PUCCH resource configuration within UL subband. Hence SIB-1 based signaling of subband time and frequency location is preferred. 
Proposal 21: For indication of subband locations for SBFD operation, SIB based indication of subband time and frequency location is the baseline.
For granularity of subband location indication in time domain, whether symbol or slot level indication should be considered. Symbol based indication could bring more flexibility in scheduling/ configuration, however, it would bring complexity in design from several aspects. As discussed in section 2.1.2 and section 2.1.3, several kinds of enhancements can be considered for SBFD, then the following issues may exist for symbol level subband location indication.
· If separate PUCCH configuration for SBFD symbols and non-SBFD symbols is supported, it is not clear which configuration should be applied in a slot with both SBFD symbols and non-SBFD symbols. 
· For a PUSCH transmission across both SBFD symbols and non-SBFD symbols, if PUSCH rate matching is applied and the number of RBs used by PUSCH is different on these two kind of symbols, it is not clear whether different PUSCH power should be determined for the two kind of symbols. 
· For a PUSCH with frequency hopping across both SBFD symbols and non-SBFD symbols, if different hopping parameters are applied for these two kind of symbols, it is not clear which set of parameters should be applied for this PUSCH.
· If symbol based SBFD configuration is applied, more gap may be needed considering the DL to UL switching time;
As discussed above, it is proposed to study slot level based indication of subband time location with high priority for SBFD aware UEs.
Proposal 22: For indication of subband locations for SBFD operation, slot level based indication of subband time location should be studied with high priority.
Collision handling
[bookmark: OLE_LINK14][bookmark: OLE_LINK33]For SBFD operation, half-duplex operation is assumed at UE side. It was agreed to 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. In general, there are two types of collision between UL and DL for a SBFD aware UE as below.
· Type A: Collision between UL transmissions and DL receptions in the same SBFD symbol
· Type B: Collision between transmissions/receptions with transmission direction of subbands 
For all these cases discussed below, dynamic transmissions include transmissions scheduled by a DCI, which does not include a repetition of a transmission. Configured transmissions include transmissions without corresponding DCI, which include a repetition of a transmission.
For Type A, the following collision cases in SBFD symbols are identified for discussion:
1) Collision between dynamic UL transmissions and dynamic DL receptions
2) Collision between dynamic DL receptions and configured UL transmissions
3) Collision between dynamic UL transmissions and configured DL receptions
4) Collision between configured UL transmissions and configured DL receptions
5) Collision between dynamic/configured UL transmissions and SSB
Case 1 can be avoided by gNB scheduling. 
For case 2~3, overlapping between dynamic channel/signal and semi-statically configured channel/signal should be allowed so that the latency can be reduced for dynamic channel/signal which has stricter latency requirement. Details can be further studied. 
Case 4 may exist in SBFD symbols considering that gNB may not be able to avoid these collision types in configuration. 
Case 5 depends on whether SBFD operation in SSB symbols is supported or not. If supported, UEs would transmit UL in SSB symbols and the measurement accuracy of SSB may be negatively impacted due to inter-subband CLI.  In addition, SSB is not only used for initial access, but may also be used for BFR or RLF. Therefore UE may need to measure SSB from time to time and UL transmissions when UE needs to measure SSB is not possible since UE only supports half-duplex operation. Note that gNB may not have the knowledge of when UE is measuring SSB. It is therefore proposed that SBFD operation in SSB symbols is not supported.
Proposal 23: SBFD operation in SSB symbols is not supported.
Proposal 24: For SBFD aware UEs, study the following collision cases:
· Collision between dynamic DL receptions and configured UL transmission
· [bookmark: OLE_LINK42][bookmark: OLE_LINK43]Collision between dynamic UL transmission and configured DL receptions
· [bookmark: OLE_LINK38][bookmark: OLE_LINK39]Collision between configured UL transmission and configured DL receptions

If a subband is used for transmission with fixed direction in SBFD symbols as discussed in section 2.1.2, then collision between transmission and resources may exist in SBFD symbols. The following Type B collision cases in SBFD symbols are identified for discussion:
1) Collision between dynamic transmissions and subband/guardband
2) Collision between configured transmissions and subband/guardband
3) Collision between SSB and UL subband/guardband
4) Collision between PRACH and DL subband/guardband
Case1 can be avoided by gNB scheduling. 
Case 2 may exist in SBFD symbols considering that gNB may not be able to avoid these collision types in configuration. 
According to the discussion for Type A collision, SBFD in SSB symbols is not supported, then case 3 does not exist.
For case 4, a PRACH occasion overlap with DL subband/guardband can be considered as invalid, then UE would not transmit PRACH overlap with DL subband/guardband, this kind of collision can be avoided.
Proposal 25: For SBFD aware UE, study the following types of collision between transmissions/repetitions and resources:
· Collision between configured transmissions/repetitions and subband/guardband
· Collision between PRACH and DL subband/guardband
[bookmark: _GoBack]
In addition, considering that the PUCCH resources after UCI multiplexing may change, it needs to be discussed whether UCI multiplexing is performed before or after Type B collision handling to align the behaviors between gNB and UE. Also, the outcome can be different if Type A collision or Type B collision is handled first. So the order or collision handling needs to be discussed.
Proposal 26: For SBFD aware UEs, study the order of collision handling of different collision types.
SBFD specific CLI handling
gNB self-interference
gNB self-interference is a specific issue for SBFD operation, where the gNB transmission power in DL subband leaks to UL subband and degrades UL performance. 
Initial link level simulation is performed based on the model shown in Figure 4 to evaluate the impact on self-interference due to different time offsets between DL and UL, where both NTA,offset=0 and NTA,offset=25600Tc are considered. The ratio in Figure 4 is used to adjust the power amplitude of DL signal based on the Tx/Rx power ratio. 
[image: ]
Figure 4: gNB SI evaluation model for different time offsets
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The simulation results of UL demodulation performance are depicted in Figure 5. Based on the results, the limit of interference power for UL reception of NTA,offset=0 @BER=1% can be 4dB relaxed than NTA,offset=25600Tc. Then, the required SIC capability can be reduced by 4 dB via configuring NTA,offset=0.
[bookmark: OLE_LINK19][bookmark: OLE_LINK21]Observation 1: The required SIC capability can be reduced by 4 dB by configuring NTA,offset=0  instead of NTA,offset=25600Tc.
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Figure 5: Rx BER with different Tx/Rx power ratio and different time offsets
[bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Based on the above evaluation and analysis, enhancement in physical layer to suppress the self-interference by setting NTA,offset=0 between DL and UL sub-carriers is preferred. For legacy TDD UE, a transition time is needed between UL symbols and DL symbols and it is achieved by NTA,offset which is larger than 0. However, legacy UEs may not support to set NTA,offset=0 in TDD system. To ensure that legacy UEs could maintain the NTA,offset>0, two NTA,offset values can be applied for a SBFD aware UE in SBFD symbols and non-SBFD symbols. As shown in Figure 6, for a SBFD aware UE, NTA,offset=0 for SBFD symbols and NTA,offset>0 for non-SBFD symbols can be configured. Then, in UL subband of flexible symbols, a gap between UL subband and full UL symbol should be reserved to avoid the overlapping between different UL symbols.


[bookmark: _Ref114496653]Figure 6: Different NTA,offset values for SBFD symbols and non-SBFD symbols
Proposal 27: Study NTA,offset=0 for SBFD symbols and NTA,offset>0 for non-SBFD symbols for SBFD aware UEs.
SBFD specific CLI handling
It was agreed to study impact/potential enhancements for UE-to-UE CLI-RSSI measurement/report considering non-contiguous measurement resource in frequency in the last meeting. 
Since the DL transmission can be scheduled on either or both of the two DL subbands with {DUD} pattern, CLI should be measured on both DL subbands. If the CLI in two DL subbands is considered to be non-symmetric, separate CLI-RSSI measurement resources/reports can be configured in different DL subbands according to existing Rel-16 CLI-RSSI mechanism. The maximum number of measurement resources configured for CLI-RSSI measurement is subject to UE capability from {8, 16, 32, 64}. Whether the maximum number needs to be increased can be further discussed. For example, if the CLI in two DL subbands is considered to be symmetric, i.e. CLI in RBs in two DL subbands with the same frequency separation from UL subband is the same, it seems sufficient to measure CLI in only one DL subband.
Based on the above analysis, the necessity for potential enhancements for UE-to-UE CLI-RSSI measurement/report considering non-contiguous measurement resource in frequency seems not clear and needs more discussions.
Proposal 28: Motivation and potential benefits for enhancements for UE-to-UE CLI-RSSI measurement/report considering non-contiguous measurement resource in frequency need more discussions.
Conclusion
In this contribution, we discuss subband non-overlapping full duplex and give the following observation and proposals.
Observation 1: The required SIC capability can be reduced by 4 dB by configuring NTA,offset=0  instead of NTA,offset=25600Tc.
Proposal 1: It is agreed that for baseline SBFD operation, same SBFD subband configuration across all the cells in the same carrier is used to completely avoid intra-subband CLI .
Proposal 2: For a SBFD aware UE semi-statically configured with UL subband in a symbol configured as DL in TDD-UL-DL-ConfigCommon, it is agreed as baseline that DL receptions within UL subband are not allowed.
Proposal 3: For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, it is agreed as baseline that SBFD aware UE’s behaviours are the same as in symbol configured as downlink in TDD-UL-DL-ConfigCommon.
Proposal 4: PDSCH and PUSCH including DMRS are rate matched around unavailable resources including UL subband/DL subband and guard band(s) if any for SBFD aware UEs. 
Proposal 5: Study fractional CSI report subband at DL subband boundaries for CSI report.
Proposal 6: Study contiguous CSI-RS resource allocation and non-contiguous CSI-RS resource derived by excluding frequency resources of UL subband and guardband(s).
Proposal 7: Study fractional PRGs at subband boundaries for PDSCH PRB bundling.
Proposal 8: Study reinterpretation of wideband PRG assuming the same precoder is applied to the allocated resource in each DL subband if non-contiguous PDSCH is supported in SBFD symbols.
Proposal 9: Study the benefit and specification impacts to support separate configurations for PUCCH transmission configuration in SBFD symbols and non-SBFD symbols.
Proposal 10: FFS whether enhancement on PDCCH resource allocation in SBFD symbols and non-SBFD symbols is needed.
Proposal 11: The invalid SPS PDSCH or CG PUSCH occasions in SBFD symbols can be ignored.
Proposal 12: Study separate frequency hopping bandwidth and FH offset for PUSCH due to different available frequency resources in SBFD symbols and non-SBFD symbols for PUSCH.
Proposal 13: Study the benefit and specification impacts to support separate SRS resource configurations for SBFD symbols and non-SBFD symbols.
Proposal 14: Study the benefit of separate CSI report configurations for SBFD symbols and non-SBFD symbols.
Proposal 15: Study how to define the available slot for TBoMS in SBFD operation.
Proposal 16: Study whether enhancement is needed for multi-PUSCH/PDSCH scheduled by a single DCI in SBFD symbols and non-SBFD symbols.
Proposal 17: For PUCCH repetitions or PUSCH repetitions with available slot counting, study how to define the available slot in SBFD operation.
Proposal 18: For PDSCH repetitions or PUSCH repetitions without available slot counting, omit the transmission in conflict slots.
Proposal 19: Study potential enhancements for SBFD operation in RRC idle/inactive state.
Proposal 20: For SBFD operation in RRC idle/inactive state, study the following aspects.
· RO validation for PRACH transmissions in SBFD symbols
· Collision handling between PRACH and DL receptions in SBFD symbols
· Frequency hopping for Msg3 PUSCH and PUCCH transmission before UE has dedicated PUCCH resource configuration within UL subband
Proposal 21: For indication of subband locations for SBFD operation, SIB based indication of subband time and frequency location is the baseline.
Proposal 22: For indication of subband locations for SBFD operation, slot level based indication of subband time location should be studied with high priority.
Proposal 23: SBFD operation in SSB symbols is not supported.
Proposal 24: For SBFD aware UEs, study the following collision cases:
· Collision between dynamic DL receptions and configured UL transmission
· Collision between dynamic UL transmission and configured DL receptions
· Collision between configured UL transmission and configured DL receptions
Proposal 25: For SBFD aware UE, study the following types of collision between transmissions/repetitions and resources:
· Collision between configured transmissions/repetitions and subband/guardband
· Collision between PRACH and DL subband/guardband
Proposal 26: For SBFD aware UEs, study the order of collision handling of different collision types.
Proposal 27: Study NTA,offset=0 for SBFD symbols and NTA,offset>0 for non-SBFD symbols for SBFD aware UEs.
Proposal 28: Motivation and potential benefits for enhancements for UE-to-UE CLI-RSSI measurement/report considering non-contiguous measurement resource in frequency need more discussions.
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