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[bookmark: _Toc120549591]Introduction
In last RAN1 meeting, the following agreements and conclusions were made [1]:
Agreement
For SBFD operation at least for RRC_CONNECTED state, it is agreed that SBFD operation Alt 4 is the baseline.
· 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.
Agreement
[bookmark: _Hlk118207405]For semi-static configuration of subband frequency locations for SBFD operation, at least explicit indication of frequency location of UL subband is required.
· FFS: Whether frequency location of other subbands types is explicitly indicated or implicitly determined.
Agreement
Study impact and potential enhancements of CSI-RS resource set frequency domain resource allocation and CSI reporting configuration across non-contiguous DL subbands.
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)
Agreement
Study impact/potential enhancements for UE-to-UE CLI-RSSI measurement/report considering non-contiguous measurement resource in frequency.
Agreement
Study whether SBFD operation in SSB symbols is supported or not.
Agreement
For SBFD operation within a TDD carrier, it is agreed that SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies is the baseline.
Agreement
The maximum number of UL subbands for SBFD operation in an SBFD symbol (excluding legacy UL symbol) within a TDD carrier is one for the study in RAN1.
· The UL subband can be located at one side of the carrier.
· The UL subband can be located at the middle part of the carrier, subject to RAN4’s study and conclusion
Note: RAN1 considers the above two possibilities unless RAN4 concludes that any one is infeasible.
Note: Two UL subbands for SBFD operation in an SBFD symbol within a TDD carrier due to SBFD operation in legacy UL symbols is subject to further RAN1 discussions which is 2nd priority as per RAN guidance.
Send an LS to RAN4 to inform the above agreement. If RAN4 has response, it will be taken into account but in the meanwhile, RAN1 work will continue based on the above.
LS on maximum number of UL subbands for duplex evolution to RAN4 is endorsed. Final LS in R1-2210671.
Agreement
For semi-static configuration of subband time locations for SBFD operation, it is agreed that explicit configuration of SBFD subband time locations within a period is the baseline.

In this contribution, the possible solutions, feasibility, interference handling and impact to legacy operation of subband non-overlapping full duplex will be discussed.
Interference handling
Inter-gNB inter-subband CLI handling
For co-channel operation, there are two types of inter-gNB CLI in SBFD, including: inter-cell inter-gNB inter-subband CLI and inter-cell inter-gNB intra-subband CLI. The inter-gNB CLI handling schemes common for both SBFD and dynamic/flexible TDD are discussed in our companion contribution [2]. In this section, we focus on solutions for co-channel inter-cell inter-gNB inter-subband CLI handling. Different from dynamic/flexible TDD in which the CLI is from the same subband and victim gNB can directly measures the RSRP of aggressor gNB’s RS, the inter-subband CLI is caused by the leakage from the adjacent DL subband of aggressor gNB in SBFD and how to measure the inter-subband interference should be studied.
Generally, there are two methods for inter-gNB inter-subband CLI measurement as the following:
· Method#1: victim gNB measures leakage power from aggressor gNB within UL subband 
· Method#2: victim gNB measures RSRP of aggressor gNB’s RS within DL subband 
Figure 1 is an illustration of inter-gNB inter-subband CLI measurement method#1, in which victim gNB measures the interference leakage within its UL subband. The measurement results of this method can directly reflect the intensity of inter-subband CLI. However, the strongest aggressor gNB cannot be identified in this method, since victim gNB can only measure the power of interference leakage. Thus, the inter-gNB coordination is also needed in this method to assist victim gNB to identify aggressor gNB.
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Figure 1. Inter-gNB inter-subband CLI measurement method#1
Figure 2 is an illustration of inter-gNB inter-subband CLI measurement method#2, in which victim gNB measures the RSRP of aggressor gNB’s RS within its DL subband. In this measurement method, the interference RS can be existing DL RS, e.g., CSI-RS or SSB, and victim gNB can identify the aggressor gNB based on accurate RS measurement without complicated inter-gNB coordination. But the measurement results cannot reflect the inter-subband CLI and the transition between intra-subband CLI and inter-subband CLI is needed based on gNB’s implementation. In addition, victim gNB needs to turn off its Tx chains when measuring the aggressor gNB’s RS within its DL subband to avoid the self-interference and this will cause the interruption of DL transmission.
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Figure 2. Inter-gNB inter-subband CLI measurement method#1
In a summary, both two inter-gNB inter-subband CLI measurement methods have pros and cons and can be considered in further study.
Proposal 1: For inter-gNB inter-subband CLI measurement, the following two methods can be further studied:
· Method#1: victim gNB measures leakage power from aggressor gNB within UL subband;
· Method#2: victim gNB measures RSRP of aggressor gNB’s RS within DL subband.
Furthermore, the inter-gNB coordination can be implemented to avoid the inter-gNB inter-subband CLI after the exchange of measurement results among gNBs. The coordination can be in time-domain, frequency-domain, spatial-domain, and power domain. To support inter-vendor cooperation, the backhaul signalling enhancement is also needed to exchange related coordination information.
Proposal 2: For inter-gNB inter-subband CLI handling, inter-gNB coordination in time-domain, frequency-domain, spatial-domain, and power domain should be supported.
· Backhaul signalling enhancement is needed to support inter-vendor cooperation.
Inter-UE inter-subband CLI handling
Similar to section 2.1, we focus on solutions for intra-cell/inter-cell inter-UE inter-subband CLI handling in this section.
Inter-UE inter-subband CLI measurement method
In Rel-16 CLI, victim UE can measure the CLI-SRS RSRP or RSSI within its DL active BWP. But in SBFD, aggressor UE usually transmits SRS in UL subband in SBFD symbols while victim UE usually receives in DL subband in SBFD symbols. We propose two inter-gNB inter-subband CLI measurement methods in section 2.1 and similar measurement methods can also be applied in inter-UE inter-subband CLI measurement as the following:
· Method#1: victim UE measures RSSI/SINR within DL subband;
· Method#2: victim UE measures RSRP of aggressor UE’s CLI-SRS within UL subband.
Figure 3 is an illustration of method#1, victim UE measures SINR or RSSI directly in its DL subband, which can reflect the experienced inter-UE inter-subband CLI. But similar to the issue in inter-gNB CLI measurement method#1, inter-gNB coordination may be needed for network in this method to identify which aggressor UE the inter-subband CLI comes from. If this CLI measurement method is used, event-triggered CLI report can be applied to help network identify the aggressor UEs.
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Figure 3. Inter-UE inter-subband CLI measurement method#1
Figure 4 is an illustration of method#2 which is similar to Rel-16 CLI-SRS RSRP measurement, but victim UE needs to measure the interference signal power in its UL subband not DL subband due to aggressor UE can only transmit CLI-SRS in UL subband. Victim UE can derive the inter-subband CLI based on the measurement result of CLI-SRS RSRP and report it to the network as well as the CLI-SRS index to help gNB identify the strongest aggressor UE. This option may need UE to receive in DL subband and measure CLI in UL subband simultaneously to avoid the performance degradation. Some companies argued this functionality has been supported in Rel-16 inter-UE CLI measurement, but the Rel-16 inter-UE CLI measurement can only be performed in UE’s active DL BWP. Considering we are also discussing the frequency location indication of UL/DL subband and the relationship with UL/DL BWP, if the DL BWP contains the DL subband frequency region, this function can be supported by Rel-16 inter-UE CLI measurement, otherwise, some enhancement will be needed, e.g., defining inter-UE CLI measurement can be outside DL BWP.
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[bookmark: _Hlk110333258]Figure 4. Inter-UE inter-subband CLI measurement method#2
Proposal 3: For inter-UE inter-subband CLI measurement, the following two methods can be further studied:
· Method#1: victim UE measures RSSI/SINR within DL subband;
· Method#2: victim UE measures RSRP of aggressor UE’s CLI-SRS within UL subband.
Enhancement for non-contiguous measurement resource
Considering the non-contiguous frequency of DL subband, e.g., {DUD} SBFD subband configuration, some enhancements are needed for inter-UE CLI measurement to improve the CLI report efficiency especially for inter-UE inter-subband CLI measurement method#1.
In Rel-16 inter-UE CLI measurement, only wideband CLI measurement is reported. For inter-UE inter-subband CLI measurement method#1, victim UE measures the leakage from the aggressor UE’s UL transmission. Considering the inter-subband CLI is not frequency flat, if UE can only report one measurement result across the whole DL subband, it will not reflect the detailed CLI on different RBs, thus subband based CLI measurement and report can be considered for SBFD and both uniform and non-uniform CLI subband configuration can be further considered.
Proposal 4: Subband based inter-UE CLI measurement and report can be supported for SBFD which both uniform and non-uniform CLI subband configuration can be further studied.
Subband non-overlapping full duplex scheme
In this section, some general aspects of SFBD will be discussed, including potential SBFD subband configurations, methods to enable Rel-18 SBFD operation and support the coexistence between SBFD aware UE and non-SBFD aware UE in the same SBFD network.
Subband time-frequency location indication
Single carrier SBFD operation
In last RAN1 meeting, it is agreed that SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies is the baseline. During the discussions in previous meetings, some companies also support to study BWP based SBFD operation with different flavours among companies, e.g., configuring two DL BWPs or one non-continuous DL BWP. Compared with RB-set based SBFD operation, there are some issues needs to be addressed e.g., the interruption due to BWP switching delay or simultaneously supporting multiple active BWPs. We think the BWP based SBFD operation can be further considered after the study of RB-set based SBFD operation, and some issues should be further investigated, e.g., how to reduce BWP switching delay, whether or not to simultaneously support multiple active BWPs by UE.
Proposal 5: SBFD scheme with more than one configured DL and UL BWP pair can be further studied taking into account of the following aspects:
· reducing BWP switching delay;
· UE supporting multiple active BWPs simultaneously.
Time location indication
SBFD operation Alt 4 (Both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs) is agreed as the baseline which is a good solution both considering the coexistence of legacy UEs and improving performance of SBFD aware UEs. In this section, detailed time location of subbands indication will be discussed based on the RB-set based SBFD operation scheme.
In RAN1#110 meeting, the following proposal was discussed without the concourse in the last stage.
Proposed Agreement:
[bookmark: _Hlk118204329][bookmark: _Hlk118127813]For a SBFD aware UE semi-statically configured with UL subband in a 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
-            A set of contiguous RBs in a carrier at least excluding RBs of UL subband is defined as a DL subband for discussion purpose
· FFS whether frequency location of DL subband(s) is explicitly indicated or implicitly determined
· FFS whether guardband(s) need to be defined and whether UE is aware of such guardband(s)
· Note: if guardband(s) are defined, the DL subband(s) additionally exclude the RBs of the guardband(s)
-            DL receptions within DL subband(s) are allowed in the symbol
-            FFS whether DL receptions within UL subband are allowed or not in the symbol
-            FFS whether/how the symbols can be converted to DL-only symbols
-            Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol as in existing specification

The main intention of this proposal is to support SBFD in “D” symbols configured in TDD-UL-DL-ConfigCommon and give some descriptions of UL transmission and DL reception behaviour, but some companies argued that this proposal prioritize the SBFD operation in “D” symbols than “F” symbols. From our point of view, both “D” symbols and “F” symbols should be supported in SBFD. 
As the comments since the begin of the Rel-18 SBFD study, there is a risk that the commercial UE may encounter interoperation problems when flexible slots are configured by cell-specific TDD UL/DL configuration. For example, in CMCC’s current commercial network, there is no flexible slot is applied in cell-specific TDD UL/DL configuration signalling yet, e.g., DDDDDDDSUU (S: 6D:4G:4U) is used for 2.6GHz, in which the 4 flexible symbols in special slot are used for GP and not for dynamic scheduling. In order to support the SBFD operation in the future without the impact on legacy UEs, the only safe way is that gNB broadcast the legacy cell-specific TDD UL/DL configuration without flexible slot and the SBFD operation can be operated in “D” symbols configured by cell-specific TDD UL/DL configuration.
However, this is not to preclude the SBFD operation in “F” symbols, if companies are sure that there is no such issue for legacy UEs or the SBFD is deployed in isolated scenario without legacy UEs’ access. In addition, as we have already agreed that SBFD operation Alt 4 is the baseline for SBFD operation, we don’t see any difference in the SBFD time and frequency location design between the SBFD operation in “D” symbol and “F” symbol, since the time and frequency locations should be explicitly indicated regardless its symbol type. Last but the least, it’s up to operator’s strategy to deploy which TDD frame structure and all the frame structure supported in current specifications should be considered to future SBFD deployment.
Proposal 6: For a SBFD aware UE, SBFD operation can be configured in a symbol configured as DL or flexible in TDD-UL-DL-ConfigCommon.
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, and the detailed time location of subband indication will be discussed as the following.
[bookmark: _Hlk118128532]As the discussion above, we think both “D” and “F” symbol can be configured as SBFD operation, thus we assume two broadcasted TDD frame structure cases, which the first is gNB broadcasts legacy cell-specific TDD UL/DL configuration with no flexible slot in SIB1, e.g., DDDSU in Fig 5, to avoid the risk that legacy UEs that do not fully support UL transmission and DL reception in flexible symbols. And the second case is that gNB configures flexible slots in cell-specific TDD configuration. For SBFD aware UE, in ordering to indicate different frame structures to different UEs according to its DL/UL service ratio, e.g., more UL slots can be allocated to UE with higher UL data rates requirement, the following two steps SBFD time domain resource indication signallings can be considered:
· [bookmark: _Hlk114669278]Step 1: New signalling to indicate SBFD slots/symbols which can override the DL/flexible slots/symbols in cell-specific TDD UL/DL configuration. Considering the SBFD slots/symbols are common to all SBFD aware UEs, this signalling can be cell-specific. In addition, we have already supported the TDD periodicity configuration in cell-specific TDD UL/DL configuration and the step 1 signalling periodicity can be the same as TDD periodicity, which is used to configure which symbol/slot can be used for SBFD operation.
· Step 2: UE-specific RRC signalling or scheduling DCI or SFI to indicate the DL or UL link direction of each SBFD slots/symbols. This is similar to using TDD config dedicated RRC signalling/DCI/SFI to override the flexible slots/symbols in current NR design which the only change is to replace flexible slots/symbols as SBFD slots/symbols.


Figure 5. Indication of time location of subband 
Proposal 7: Two steps signalling can be considered for indication of time location of subband:
· Step 1: Cell-specific signalling to indicate SBFD slots/symbols which can override the DL/flexible slots/symbols in cell-specific TDD UL/DL configuration.
· Step 2: UE-specific RRC signalling/scheduling DCI/SFI to indicate the DL or UL link direction for SBFD slots/symbols.
Proposal 8: The SBFD subband time locations indication in Step 1 is indicated within a period equals to the TDD periodicity configured in TDD-UL-DL-ConfigCommon.
[bookmark: _Hlk114145664]Frequency location indication
In this section, detailed frequency location of subbands indication will be discussed based on the RB-set based SBFD operation scheme as well as the relationship with DL/UL BWP.
It was agreed that the explicit indication of frequency location of UL subband is required. From gNB’s perspective, the UL subband frequency location is common for all SBFD aware UEs and independent from UE-specific DL/UL BWP configuration, considering this, the UL subband can be configured with the starting PRB location and bandwidth which reference to Point A.
[bookmark: _Hlk118207647]Proposal 9: The UL subband is configured with the starting PRB location and bandwidth which reference to Point A.
But from one SBFD aware UE’s perspective, it should always work within its active DL/UL BWP, even the DL/UL BWP’s frequency resource range will not always equal to the UL/DL subband.
· Regarding the UL transmission in SBFD slot/symbol, as the illustration in Figure 6, the UL subband can be treated as the available resources within the active UL BWP for UL transmission in SBFD slots/symbols. That is the UL active BWP in SBFD slots is still quals to the UL active BWP in fixed UL slots, and the UL subband is only to restrict the actual UL transmission frequency region. Therefore, BWP switching is not needed for UE to switch between SBFD slots and fixed UL slots. Besides, additional PUCCH/SRS/power control parameters configurations can be configured for the SBFD frequency region to increase the flexibility of the configuration/usage for PUCCH/SRS/power control, e.g., separate PUCCH resource sets can be configured for the SBFD frequency region in SBFD symbols and the whole UL BWP in fixed UL slots. 
· Regarding the DL reception in SBFD slot/symbol, as the illustration in Figure 6, the UL subband can be treated as common rate-matching pattern or resource location information within UE active DL BWP for DL channels/signals. Considering the UE’s active DL BWP may smaller than the DL subband in gNB’s perspective, there is no need to configure/indicate the DL subband to SBFD aware UE. The only thing needed is how to indicate UE to avoid the UL subband region in DL reception and the detailed design for DL resource allocation enhancement will be discussed in section 3.2.1. 



Case 1: {DUD} SBFD subband configuration


Case 2: {DU} SBFD subband configuration
Figure 6. Indication of frequency location of subband 
In a summary, the above UL/DL subband definition method is used to restrict the UL/DL behaviour within UE’s active UL/DL BWP without defining additional UL/DL BWP to avoid the BWP switching delay and applied to both {DUD} and {DU} SBFD subband configurations. In addition, this method can also avoid to define UL/DL BWP pair with unaligned center frequency in {DU} SBFD subband configuration case.
Proposal 10: For SBFD aware UE’s UL transmission, the UL subband is defined as available UL transmission resources within UE’s active UL BWP in SBFD slots/symbols.
Proposal 11: For SBFD aware UE’s DL reception, the UL subband is defined as DL resource allocation enhancement information or a common rate matching pattern for all DL signals/channels within UE’s active DL BWP in SBFD slots/symbols without the explicit DL subband frequency location indication.
Link direction of UL subband
In RAN1#110 meeting, four options of link direction of UL subband are listed for further discussion. In general, there are two issues which need analysis: 1) whether UE can transmit outside UL subband? 2) whether UE can receive within UL subband?
Regarding the first question, our answer is no. There are several aspects to be considered. The first is the increase of gNB’s self-interference handling complexity. Subband analog filters and analogue adaptive RF circuits are two promising RF domain SIC methods. Analogue adaptive RF circuits can support flexible subband frequency location configurations but has higher cost and complexity than subband analog filters. For subband analog filters, simpler frequency fixed subband analog filters should be prioritized in the first release study of SBFD. The second aspect is the complexity of inter-gNB CLI handling, if UE can transmit outside UL subband, there will be inter-gNB intra-subband CLI which is hard to mitigate. Due to the similar reason to restrict the complexity of inter-gNB CLI handling, we have agreed that semi-static configuration of subband time and frequency location and same subband frequency resources across different SBFD symbols are studied as baseline in this SI and the same principle should be applied for all issues.
Regarding the second question, our answer is yes. As the discussion in section 2.2.1, one use case is that UE measures inter-UE inter-subband CLI within UL subband. In addition, considering if there is no UL service in the serving cell, gNB can reduce the Tx power and use the UL subband resource for DL transmission. By reducing gNB Tx power, the inter-gNB CLI may not be a big issue.
In a summary, we think Option 2 can be supported for SBFD operation.
Proposal 12: For SBFD operation Alt 4, support Option 2: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband and may be scheduled with DL reception within the UL subband in the SBFD symbol.
Resource allocation enhancement
DL signal/channel
As listed in the FL summary [4] in RAN1#110 meeting, there are several impact/potential enhancements of resource allocation for DL signal/channel, including:
PDSCH:
· #1-1: Non-contiguous FDRA across DL subbands
· #1-2: Assignment of fractional RBGs at DL subband boundaries for RA type 0
· #1-3: PDSCH slot aggregation across SBFD slots and non-SBFD slots
CSI-RS:
· #2-1: Non-contiguous FDRA across DL subbands
· #2-2: CSI report for fractional CSI report subband
Generally, there are two issues in the DL resource allocation enhancement. The first issue is due to the {DUD} subband frequency pattern, the continuous RA type1 of PDSCH and contiguous FDRA of CSI-RS are not suitable and it will also cause fractional RBGs of PDSCH and fractional CSI report subband at the SBFD subband boundary. The second issue is the PDSCH repetition across SFBD slots and non-SBFD slots.
For the first issue, we think a common solution can solve the above #1-1, #1-2, #2-1 and #2-2 enhancements, that is defining non-continuous PRB-to-CRB mapping as in Figure 7. In SBFD slots, the PRB index of DL BWP is continuous but the corresponded CRB index is not continuous which skips the SBFD frequency region. Because all the resource allocation indication/configuration of DL signals/channels in current specs are based on the PRB index within DL BWP, this method is a common solution to simply realize the non-contiguous FDRA of PDSCH/CSI-RS across DL subbands and also can utilize the fractional RBGs/ CSI report subband without any other spec impacts on resource allocation enhancement.  


Figure 7. Non-continuous PRB-to-CRB mapping of DL BWP 
[bookmark: _Hlk114667001]Proposal 13: Support non-continuous PRB-to-CRB mapping of DL BWP on SBFD slots.
[bookmark: _Hlk114219282]Regarding the second issue, two options can be considered. Opt 1 is that the PDSCH repetition is restricted only across SBFD slots or non-SBFD slots. Considering the interference situation and Tx power are different between SBFD slots or non-SBFD slots, it may not be suitable to use the same resource allocation and MCS for all PDSCHs, but this option may cause some scheduling restriction. Opt 2 is that the PDSCH repetition can be across SBFD slots and non-SBFD slots, but some automatic adjustment should be supported. For example, as in Figure 8(B), if the previous PDSCH FDRA indicated in non-SBFD slot is overlapped with UL subband, the PDSCH FDRA can be moved to other RBs to maintain the same total RB number among PDSCH transmission occasion to guarantee the PDSCH reception performance. This option needs more spec effort than Opt 1 without scheduling restriction.
Proposal 14: For PDSCH slot aggregation, the following two options can be further studied:
· Opt 1: PDSCH slot aggregation is only across SBFD slots or non-SBFD slots;
· Opt 2: PDSCH slot aggregation can be across SBFD slots and non-SBFD slots with some automatic adjustment on FDRA between SBFD slots and non-SBFD slots.



          
(A) Opt 1                               (B) Opt 2
Figure 8. Potential PDSCH slot aggregation methods in SBFD
UL signal/channel
For UL signal/channel, including PUCCH/PUSCH/SRS, there are two common issues, including: 1) FDRA and FH due to different available frequency resources in SBFD symbols and non-SBFD symbols and 2) separate configurations in SBFD symbols and non-SBFD symbols.
As the discussion in section 3.1.3, we think the UL subband is treated as the available UL transmission resources within UL BWP and separate PUCCH/PUSCH/SRS configurations can be configured for SBFD frequency region in SBFD slots and whole UL BWP in UL slots to increase the flexibility of the configuration/usage for UL. Take PUCCH as example, if all the PUCCH resources are configured within the frequency resource range of UL subband for both SBFD slots and non-SBFD slots, this will cause the fragment of UL resource in non-SBFD slots. 
From our understanding, the separate PUCCH/PUSCH/SRS configurations can include the following parameters in SBFD symbols and non-SBFD symbols: PUSCH/PUCCH frequency hopping offsets, PUCCH resource sets and SRS resources to solve the above two issues.
Proposal 15: For SBFD symbols and non-SBFD symbols, the following parameters can be separately configured:
· PUSCH/PUCCH frequency hopping offsets;
· PUCCH resource sets;
· SRS resources.
UE collision handling between DL and UL
Collision of UL transmission in SSB symbols
In the current spec for operation in licensed spectrum, the time domain positions of the transmitted SS/PBCH blocks is indicated via system information, and UE does not perform UL transmission if the UL transmission is overlapped with SS/PBCH blocks in time-domain. For SBFD operation, it was agreed that study whether SBFD operation in SSB symbols is supported or not in last RAN1 meeting. If it is allowed to operate SBFD in SSB symbols, the inter-UE inter-subband CLI may impact the SSB measurement of IDLE/INACTIVE UEs, which cannot be controlled by network since network does not know which UE will perform SSB measurement on these symbols. From this point of view, it is safer to not allow the SBFD symbols overlap with the symbols that are indicated for reception of SS/PBCH blocks as in Figure 9.


Figure 9. Time-domain overlapping between SSB and UL transmission.
Proposal 16: It is preferred to not allow the SBFD symbols overlap with the symbols that are indicated for reception of SS/PBCH blocks.
Collision of DL reception in PRACH symbols
Similar to the UL transmission restriction in SSB symbols, there is also DL reception restriction in PRACH symbols, but if the RO is only configured in fixed UL slots in cell-specific TDD DL/UL configuration, it doesn’t have such collision. Therefore, the collision of DL reception in PRACH symbols only exists when RO is configured in SBFD symbols as in Figure 10. 


Figure 10. Time-domain overlapping between RO and DL reception.
[bookmark: _Hlk110267131]Companies provided some motivations to configure RO in UL subband in SBFD symbols including reducing the latency of random access, improving PRACH coverage and offloading random access from fixed UL slots to SBFD slots, but these aspects still need more analysis and justification. If RO is allowed to be configured in SBFD symbols, when the aggressor UE transmits PRACH, the inter-UE inter-subband CLI will impact the DL reception of the victim UE. For contention-base RACH, due to the uncertainty of UE transmitting PRACH, it is hard or not possible for gNB to mitigate the inter-UE inter-subband CLI. But for contention-free RACH, the PRACH transmission is controlled by gNB and the inter-UE inter-subband CLI can be avoided and mitigated by gNB’s proper scheduling. Therefore, we think if ROs are allowed to be configured in UL subband in SBFD symbols, they can be used for contention-free RACH but not for contention-based RACH.
Proposal 17: ROs for contention-free RACH can be configured in UL subband in SBFD symbols. ROs for contention-based RACH cannot be configured in UL subband in SBFD symbols.
Collision of higher layer configured UL transmission and DL reception
The third category of DL/UL collision is higher layer configured UL transmission and DL reception. In current NR design, higher layer configured UL transmission and DL reception cannot be configured in the same flexible symbol. As the discussion in section 3.1.2, the new step 1 signalling is used to indicate SBFD slots/symbols which can override the fixed DL slots/symbols in cell-specific TDD UL/DL configuration which has the similar function as “flexible” slots/symbols in Rel-15 NR design and UE-specific RRC or DCI or SFI can be further used to change the DL or UL direction of SBFD slots/symbols. 
Based on this method, it should be allowed that some higher layer configured UL channel/signals and DL channel/signals can be configured in the same SBFD symbols as in Figure 12, e.g., the periodic CSI-RS and periodic SRS in the same SBFD symbols. From our point of view, at least the collision between periodic CSI-RS/CORESET and periodic SRS/CG PUSCH can be further studied in SBFD. In order to accurate the CSI more efficiently, different CSI-RS/SRS resource can be configured separately for SFBD symbol and fixed DL/UL symbols, thus the collision between periodic CSI-RS/CORESET between SRS should be studied. In addition, CG PUSCH resources can also be configured in SBFD symbol/slot to improve the UL transmission occasion. For SR PUCCH or periodic PUCCH for CSI feedback, it has small motivation to configure these PUCCH resources in SBFD symbols considering the resource reservation overhead and the periodicity of UE triggering SR or feedbacking CSI.
When higher layer configured UL channel/signals and DL channel/signals are configured in the same SBFD symbols without the UE-specific RRC or DCI or SFI to indicate the DL or UL direction, some handling rules need to be defined, e.g., the priority can be defined or indicated between higher layer UL channel/signals and DL channel/signals. Similar priority configuration/indication has been introduced in some features, such as URLLC and MBS. 


Figure 12. Time-domain overlapping between higher layer configured UL transmission and DL reception.
[bookmark: _Hlk118211312]Proposal 18: The following case of time domain conflict of UE’s UL and DL operation in the same SBFD symbol can be considered for SBFD aware UE:
· Collision between periodic CSI-RS/CORESET and periodic SRS/CG PUSCH.
Conclusions
In this contribution, the possible solutions, coexistence with legacy operation and interference handling of SBFD are discussed and the following observations and proposals are made.
Proposal 1: For inter-gNB inter-subband CLI measurement, the following two methods can be further studied:
· Method#1: victim gNB measures leakage power from aggressor gNB within UL subband;
· Method#2: victim gNB measures RSRP of aggressor gNB’s RS within DL subband.
Proposal 2: For inter-gNB inter-subband CLI handling, inter-gNB coordination in time-domain, frequency-domain, spatial-domain, and power domain should be supported.
· Backhaul signalling enhancement is needed to support inter-vendor cooperation.
Proposal 3: For inter-UE inter-subband CLI measurement, the following two methods can be further studied:
· Method#1: victim UE measures RSSI/SINR within DL subband;
· Method#2: victim UE measures RSRP of aggressor UE’s CLI-SRS within UL subband.
Proposal 4: Subband based inter-UE CLI measurement and report can be supported for SBFD which both uniform and non-uniform CLI subband configuration can be further studied.
Proposal 5: SBFD scheme with more than one configured DL and UL BWP pair can be further studied taking into account of the following aspects:
· reducing BWP switching delay;
· UE supporting multiple active BWPs simultaneously.
Proposal 6: For a SBFD aware UE, SBFD operation can be configured in a symbol configured as DL or flexible in TDD-UL-DL-ConfigCommon.
Proposal 7: Two steps signalling can be considered for indication of time location of subband:
· Step 1: Cell-specific signalling to indicate SBFD slots/symbols which can override the DL/flexible slots/symbols in cell-specific TDD UL/DL configuration.
· Step 2: UE-specific RRC signalling/scheduling DCI/SFI to indicate the DL or UL link direction for SBFD slots/symbols.
Proposal 8: The SBFD subband time locations indication in Step 1 is indicated within a period equals to the TDD periodicity configured in TDD-UL-DL-ConfigCommon.
Proposal 9: The UL subband is configured with the starting PRB location and bandwidth which reference to Point A.
Proposal 10: For SBFD aware UE’s UL transmission, the UL subband is defined as available UL transmission resources within UE’s active UL BWP in SBFD slots/symbols.
Proposal 11: For SBFD aware UE’s DL reception, the UL subband is defined as DL resource allocation enhancement information or a common rate matching pattern for all DL signals/channels within UE’s active DL BWP in SBFD slots/symbols without the explicit DL subband frequency location indication.
Proposal 12: For SBFD operation Alt 4, support Option 2: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband and may be scheduled with DL reception within the UL subband in the SBFD symbol.
Proposal 13: Support non-continuous PRB-to-CRB mapping of DL BWP on SBFD slots.
Proposal 14: For PDSCH slot aggregation, the following two options can be further studied:
· Opt 1: PDSCH slot aggregation is only across SBFD slots or non-SBFD slots;
· Opt 2: PDSCH slot aggregation can across SBFD slots and non-SBFD slots with some automatic adjustment on FDRA between SBFD slots and non-SBFD slots.
Proposal 15: For SBFD symbols and non-SBFD symbols, the following parameters can be separately configured:
· PUSCH/PUCCH frequency hopping offsets;
· PUCCH resource sets;
· SRS resources.
Proposal 16: It is preferred to not allow the SBFD symbols overlap with the symbols that are indicated for reception of SS/PBCH blocks.
Proposal 17: ROs for contention-free RACH can be configured in UL subband in SBFD symbols. ROs for contention-based RACH cannot be configured in UL subband in SBFD symbols.
Proposal 18: The following case of time domain conflict of UE’s UL and DL operation in the same SBFD symbol can be considered for SBFD aware UE:
· Collision between periodic CSI-RS/CORESET and periodic SRS/CG PUSCH.
References
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