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Introduction
In the previous RAN1#110b-e meeting, the following agreements were made on subband non-overlapping full duplex (SBFD) [1].
	Agreement at RAN1#110b-e:
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 at RAN1#110b-e:
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 at RAN1#110b-e:
Study impact and potential enhancements of CSI-RS resource set frequency domain resource allocation and CSI reporting configuration across non-contiguous DL subbands.
Agreement at RAN1#110b-e:
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 at RAN1#110b-e:
Study impact/potential enhancements for UE-to-UE CLI-RSSI measurement/report considering non-contiguous measurement resource in frequency.
Agreement at RAN1#110b-e:
Study whether SBFD operation in SSB symbols is supported or not.
Agreement at RAN1#110b-e:
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 at RAN1#110b-e:
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 at RAN1#110b-e:
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, we provide our views on subband non-overlapping full duplex.
[bookmark: OLE_LINK69]Discussion on subband non-overlapping full duplex
Subband location indication
In the previous RAN1#110b-e meeting, it was agreed to study Alt 4 as the baseline for SBFD operation at least for RRC_CONNECTED state. Therefore, both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs. We provide our views on subband location indication for subband non-overlapping full duplex operation under SBFD operation Alt 4.

Dynamic deactivation of subband location
In the previous RAN1#110 meeting, it was agreed to study semi-static configuration of subband time and frequency location as baseline [2]. Also, for semi-static configuration of subband location, it was agreed to consider the same subband frequency resources across different SBFD symbols as baseline.
In addition to semi-static configuration, dynamic indication for the UE to deactivate the SBFD operation can be studied. A UE operates SBFD by being configured with subband’s time-frequency location for enhanced UL coverage, reduced latency, and improved capacity. Afterwards, the UE can be dynamically indicated to deactivate the SBFD operation according to changes of channel conditions or traffic types (e.g., increased DL traffic). In addition, gNB can fallback to HD operation in case of inter-gNB CLI and/or gNB’s self-interference.
In Rel-15, dynamic SFI (slot format indication) was introduced for dynamic and flexible slot format indication in time domain for slots not configured as specific format (i.e., DL or UL). It can be reused for the SBFD aware UE to deactivate the SBFD operation and fallback to normal TDD operation. Note that DL symbol by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDeicated can be indicated as DL, while flexible symbol by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDeicated can be indicated as DL, UL, or flexible. 
Regarding that the dynamic SFI is transmitted via GC (group-common) PDCCH including DCI format 2_0 with CRC scrambled by SFI-RNTI, both SBFD aware UE and non-SBFD aware UE can be configured to monitor GC PDCCH with the same SFI-RNTI value in a cell. Impact and potential enhancements on dynamic SFI can be further studied by taking into account the co-existence of SBFD aware UE and non-SBFD aware UE in a cell.
· Proposal 1: RAN1 to study dynamic deactivation of semi-static SBFD configuration.
· SBFD aware UE can be indicated to deactivate the SBFD operation via dynamic SFI.
· FFS: impact and potential enhancements on dynamic SFI for the co-existence of SBFD aware UE and non-SBFD aware UE in a cell.

Link direction of UL/DL subband
In the previous RAN1#110b-e meeting, RAN1 discussed about link direction of UL/DL subband for a SBFD aware UE semi-statically configured with UL subband in a symbol configured as DL and flexible by tdd-UL-DL-ConfigurationCommon but could not reach agreement. We provide our views on link direction of UL/DL subband in a symbol configured as DL and flexible, respectively.

[bookmark: _Hlk118658903]Link direction in a symbol configured as DL by tdd-UL-DL-ConfigurationCommon.
Regarding that the objective of Rel-18 SBFD operation is for enhanced UL coverage, reduced latency, and improved capacity, a symbol configured as DL by tdd-UL-DL-ConfigurationCommon can be considered for SBFD operation to allocate UL subband.
In this case, only DL reception within DL subband can be allowed. Thus, it’s better to not allow DL reception within UL subband. It is desired to allow DL reception and UL transmission in symbols with same direction (or flexible) in TDD operation. If different UE behavior (i.e., DL reception within UL subband) is necessary, dynamic deactivation of SBFD operation can be studied as we proposed above. 

Link direction in a symbol configured as flexible by tdd-UL-DL-ConfigurationCommon.
Regarding that the objective of Rel-18 SBFD operation is for enhanced UL coverage, reduced latency, and improved capacity, a symbol configured as flexible by tdd-UL-DL-ConfigurationCommon can be considered for SBFD operation to allocate UL subband.
In this case, DL reception within UL subband is better not to be allowed as in a symbol configured as DL by tdd-UL-DL-ConfigurationCommon, and dynamic deactivation of SBFD operation can be studied.
Regarding that the flexible symbol can be used not only for guard period but also for DL reception and UL transmission in current TDD operation, both DL reception and UL transmission can be allowed outside UL subband. Otherwise, resource utilization efficiency would be reduced due to restricted frequency resource in a symbol operated as SBFD. It’s not a desirable operation for SBFD aware UE to have reduced DL and UL coverage than non-SBFD aware UE.

Based on above discussion, we propose to study link direction of UL/DL subband in a symbol configured as DL and flexible by tdd-UL-DL-ConfigurationCommon. In a symbol configured as DL, DL reception is not allowed within UL subband. In a symbol configured as flexible, DL reception is not allowed within UL subband, and both DL reception and UL transmission are allowed outside UL subband.
· Proposal 2: RAN1 to study link direction of UL/DL subband in a symbol configured as DL and flexible by tdd-UL-DL-ConfigurationCommon.
· In a symbol configured as DL and flexible by tdd-UL-DL-ConfigurationCommon, DL reception is not allowed within UL subband.
· In a symbol configured as flexible by tdd-UL-DL-ConfigurationCommon, both DL reception and UL transmission are allowed outside UL subband.

Resource allocation
In the previous RAN1#109-e meeting, it was agreed to study the impact/potential enhancements of resource allocation in symbols with subbands that gNB would use for SBFD operation [3]. We provide our views on potential enhancements for subband non-overlapping full duplex operation.
1.1.1 PDSCH
PDSCH frequency domain resource allocation
In the previous RAN1#110b-e meeting, it was discussed about the impact and potential enhancements due to unaligned boundaries of DL/UL subband and configuration granularity of RBG for PDSCH FDRA (i.e., FDRA type 0).
With {D-U-D} subband frequency pattern, the available DL resources are distributed across two non-contiguous DL subbands. Current FDRA type 0 can be used for resource allocation across non-contiguous RBGs, thus it can be reused for SBFD aware UE. Note that the number of PRBs within a RBG (i.e., P) depends on the number of PRBs within a DL BWP.
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Figure 1. PDSCH FDRA type 0 with {D-U-D} subband frequency pattern.
In Figure 1, a UE is configured with DL BWP size as 275 PRBs (100MHz with 30kHz SCS) and allocated with DL subbands as 110 PRBs (40MHz) and UL subband as 55 PRBs (20MHz). In this case, the UE determines P = 16 regardless of rbg-Size configured from gNB. Then, RBG 6-10, which overlap with UL subband cannot be used for PDSCH FDRA for SBFD aware UE. Especially, PRB 96-109 of RBG 6 and PRB 165-175 of RBG 10 cannot be used even those are included in DL subbands. 
Enhancements to utilize those PRBs via FDRA type 0 can be studied. One possible approach is to enhance RBG mapping of FDRA type 0. For example, SBFD aware UE can determine RBGs per DL subband separately. Otherwise, non-contiguous PRBs can be mapped as a single RBG for SBFD aware UE. Alternatively, PDSCH rate-matching mechanism can be reused, i.e., a UE shall assume that PRBs in UL subband (and guard band, if specified) are not available for PDSCH reception. In other words, a SBFD UE shall assume that PDSCH is rate-matched around the PRBs in UL subband. This approach has less specification impact and it’s worth noting that FDRA type 1 also can be used to allocate PDSCH across non-contiguous DL subbands via PDSCH rate-matching mechanism.
· Proposal 3: RAN1 to study impact and potential enhancements due to unaligned boundaries of DL/UL subband and configuration granularity of RBG for PDSCH FDRA (i.e., FDRA type 0).
· Enhancements on RBG mapping of PDSCH FDRA type 0 or reusing PDSCH rate-matching mechanism.
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PDSCH with slot aggregation
In the previous RAN1#110b-e meeting, it was also discussed about the impact and potential enhancements on PDSCH receptions with slot aggregation (repetitions) across non-SBFD symbols and SBFD symbols. As we proposed above, impact and potential enhancements on PDSCH FDRA for resource allocation across non-contiguous DL subbands with {D-U-D} subband frequency pattern (e.g., PDSCH is rate matched around PRBs in UL subband) can be studied. In addition to that, a UE can be configured or indicated to receive PDSCH of same TB across multiple slots (i.e., slot aggregation). In this case, multiple slots can include both non-SBFD symbols and SBFD symbols. Then, different TBSs of PDSCH can be determined between non-SBFD symbols and SBFD symbols. Considering that TBs with different TBSs are hard to be combined, enhancements can be studied for SBFD aware UE to assume that PRBs in UL subband are not available not only for SBFD symbols, but also for non-SBFD symbols. It is to maximize the combining gain as shown in Figure 2.
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Figure 2. PDSCH receptions with slot aggregation across non-SBFD symbols and SBFD symbols.
· Proposal 4: RAN1 to study impact and potential enhancements on PDSCH receptions with slot aggregation (repetitions) across non-SBFD symbols and SBFD symbols.
· Same TBS can be determined among PDSCH receptions with slot aggregation (repetitions) across non-SBFD symbols and SBFD symbols.

1.1.2 CSI-RS
In the previous RAN1#110b-e meeting, it was agreed to study impact and potential enhancements of CSI-RS resource set frequency domain resource allocation and CSI reporting configuration across non-contiguous DL subbands. We provide our views on potential options to study CSI-RS resource set frequency domain resource allocation and CSI reporting.
CSI-RS resource set frequency domain resource allocation
Option 1: Two CSI-RS resources are configured.
With this option, no additional specification impact is necessary on CSI-RS resource configuration. However, RRC overhead can be an issue regarding that SBFD aware UE should be configured with two CSI-RS resources with different CSI-RS resource IDs. Also, since CSI-RS resource can be configured with minimum 24 PRBs in current specification, if SBFD is operated in narrow channel BW or DL BWP, CSI-RS resource configured can be restricted due to the limited number of PRBs per DL subband.

Option 2: Non-contiguous CSI-RS resource is configured.
With this option, enhancement on CSI-RS resource configuration can be studied. For example, multiple CSI-RS frequency domain resource allocations (i.e., startingRB and nrofRBs) with same CSI-RS resource ID. This option has no impact on the maximum number of CSI-RS resource ID and narrowband SBFD operation. However, it still requires enhancement on RRC configuration, which can increase the RRC overhead.

Option 3: One contiguous CSI-RS resource is configured.
[bookmark: _Hlk118724853]With this option, a SBFD aware UE can assume that PRBs in UL subband (and guard band, if specified) are not available for CSI-RS reception. It’s similar to the PDSCH rate-matching mechanism, but different in that CSI-RS cannot be rate-matched. Thus, the UE can implicitly assume that two separate sequences for CSI-RS with same ID are received across non-contiguous DL subbands, thus it has no enhancement on resource configuration (i.e., one contiguous resource configuration overlapping UL subband). Therefore, it has no specification impact and additional RRC overhead, which are concerns of Option 1 and Option 2.

Based on above discussion, we propose to study Option 3 (one contiguous CSI-RS resource configuration across non-contiguous DL subbands) in terms of specification impact.
· Proposal 5: RAN1 to study Option 3 (one contiguous CSI-RS resource configuration across non-contiguous DL subbands) in terms of specification impact.
· A UE can assume that PRBs in UL subband (and guard band, if specified) are not available for CSI-RS reception.

CSI reporting
In current specification, CSI reporting can be performed with frequency granularity of CSI-subband (different with DL/UL subband in SBFD operation) at UE side. Thus, similar impact of PDSCH FDRA type 0 can be raised on CSI reporting with {D-U-D} subband frequency pattern as shown in Figure 3.
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Figure 3. CSI reporting with {D-U-D} subband frequency pattern.
In Figure 3, a UE is configured with DL BWP size as 275 PRBs (100MHz with 30kHz SCS) and allocated with DL subbands as 110 PRBs (40MHz) and UL subband as 55 PRBs (20MHz). It is assumed that the UE is configured with value1 via subbandSize, thus the UE can determine that single CSI-subband size as 16. Different with FDRA type 0, no additional enhancement is necessary on CSI reporting since there is no ambiguity between SBFD aware UE and gNB on PRBs allocated for DL/UL subbands. If the UE is configured to report CSI-SB 6 and/or CSI-SB 10, the UE would only report CSI on PRB 96-109 and/or PRB 165-175. Then, the gNB expects UE to report CSI only on PRB 96-109 and/or PRB 165-175. The gNB may not configure for SBFD aware UE to report CSI-SB 7-9 where all PRBs within a CSI-SB configured are included in UL subband.
· Observation 1: Current CSI reporting mechanism can be reused without enhancement for SBFD aware UE due to no ambiguity between SBFD aware UE and gNB on DL/UL subband locations.

1.1.3 PUSCH/PUCCH
PUSCH frequency hopping
If a UE is configured or indicated to transmit PUSCH with frequency hopping (FH), the UE determines FH pattern, i.e., starting RB of 1st hop and 2nd hop respectively. In the current specification, FH pattern can be determined as the copied texts from TS 38.214 V17.3.0 [4] below.
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6.3.1	Frequency hopping for PUSCH repetition Type A
…
In case of intra-slot frequency hopping, the starting RB in each hop is given by:

	,




where i=0 and i=1 are the first hop and the second hop respectively, and  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) or as calculated from the resource assignment for MsgA PUSCH (described in [6, TS 38.213]) and is the frequency offset in RBs between the two frequency hops. The number of symbols in the first hop is given by , the number of symbols in the second hop is given by , where  is the length of the PUSCH transmission in OFDM symbols in one slot.

In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is not enabled, or for inter-slot frequency hopping for a PUSCH scheduled by RAR UL grant or DCI format 0_0 with CRC scrambled by TC-RNTI, the starting RB during slot  is given by:

	, 



where  is the current slot number within a system radio frame, where a multi-slot PUSCH transmission can take place,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) and is the frequency offset in RBs between the two frequency hops.



According to the current specification, the UE determines FH pattern based on the size of UL BWP. In case that the UL subband is included in the UL BWP, the UE may determine 2nd hop RBs of UL transmission outside the UL subband.
To handle this issue, one possible method is to introduce new configuration of RB offset value for SBFD slot. Otherwise, current modulo mechanism can be modified without new configuration. For this purpose, the size of UL BWP (i.e., ) can be modified as the size of UL subband with additional parameters such as starting RB index of the UL subband to align the different RB starting between non-SBFD symbols and SBFD symbols as shown in Figure 4. 
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Figure 4. PUSCH transmission with frequency hopping across non-SBFD symbols and SBFD symbols.
PUCCH frequency hopping
If a UE configured to transmit PUCCH with frequency hopping (FH), the UE determines FH pattern, i.e., starting RB of 1st hop and 2nd hop respectively. In current specification, FH pattern can be determined as the configured values, i.e., the UE transmits the PUCCH starting from a first PRB, provided by startingPRB and starting from a second PRB, provided by secondHopPRB. 
Different with PUSCH, both starting RBs of 1st hop and 2nd hop are configured by gNB. Thus, new configuration of first PRB and second PRB can be introduced for SBFD slot.

Based on above discussion, we propose to study enhancement on frequency hopping (both intra-slot and inter-slot) for PUSCH and PUCCH in SBFD operation. Additionally, different frequency hopping patterns can be determined across non-SBFD symbols and SBFD symbols. In non-SBFD symbols, legacy FH pattern should be determined for SBFD aware UE to guarantee frequency diversity as legacy UE.
· [bookmark: _Hlk118735781]Proposal 6: RAN1 to study enhancement on intra-slot frequency hopping and inter-slot frequency hopping for PUSCH and PUCCH in SBFD operation.
· Different frequency hopping patterns can be determined across non-SBFD symbols and SBFD symbols.

UE collision handling
In the previous RAN1#110b-e meeting, 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, and if there are, study whether/how to avoid/handle such collision cases. We provide our views on cases of time domain conflict and potential UE behavior to avoid/handle collision cases.

Valid RO vs. DL signal/channel
In legacy TDD operation, a UE can determine valid RO (RACH occasion) within UL symbol or within flexible symbol (Ngap symbol after DL and SS/PBCH symbol). For SBFD aware UE, it can be extended to determine valid RO within UL symbol in UL subband.
In this case, collision can occur between valid RO and DL signal/channel as shown in Figure 5. 
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[bookmark: _Hlk118660575]Figure 5. Collision between valid RO and PDSCH.
In Figure 5, symbols for valid RO and PDSCH are overlapped in time domain. To handle this, new UE behavior for SBFD aware UE can be studied since above collision case is not identified in legacy TDD operation. 
Also, different UE behaviors can be studied for the cases whether PDSCH is semi-statically scheduled via RRC configuration or PDSCH is dynamically indicated via DCI. 
If PDSCH is semi-statically scheduled, PDSCH can be received for the case when PRACH is not transmitted in valid RO. PDSCH is not received for the case when PRACH is transmitted. Alternatively, PDSCH can be rate-matched even when PRACH is transmitted.
If PDSCH is dynamically scheduled, PDSCH can be received and PRACH is not transmitted even in valid RO. 

[bookmark: _Hlk118662642]DL signal/channel vs. UL signal/channel
Collision cases between DL signal/channel and UL signal/channel can be listed for SBFD aware UE as followings:

Case 1) DCI indicated DL (or UL) signal/channel vs. DCI indicated UL (or DL) signal/channel.
In this case, a SBFD aware UE may not expect to be indicated with DL reception and UL transmission in the same set of symbols. Thus, it can be handled by gNB implementation as in the current TDD operation.

Case 2) Higher layer configured DL (or UL) signal/channel vs. higher layer configured UL (or DL) signal/channel.
In this case, a SBFD aware UE can determine to select one of DL reception or UL transmission. For example, SBFD operation in a symbol configured as DL by tdd-UL-DL-ConfigurationCommon, the UE receives DL signal/channel and does not transmit UL signal/channel since the set of symbols was originally configured as DL. Otherwise, the UE neither receives DL signal/channel nor transmits UL.

Case 3) DCI indicated DL (or UL) signal/channel vs. higher layer configured UL (or DL) signal/channel.
In this case, a UE can prioritize to receive or transmit signal/channel indicated by DCI as in legacy TDD operation (overwriting rule). For example, if a collision occurs between DCI indicated CSI-RS and higher layer configured PUSCH, the UE receives the DCI indicated CSI-RS, and does not transmit the higher layer configured PUSCH as shown in Figure 6 (a). In addition to that, enhancements on SBFD aware UE can be further studied. For example, the UE receives the DCI indicated CSI-RS and transmits the higher layer configured PUSCH by rate-matching around collided symbols including DL-UL switching gap as shown in Figure 6 (b).
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Figure 6. Collision between DCI indicated CSI-RS and higher layer configured PUSCH.
· Proposal 7: RAN1 to study following collision cases for SBFD aware UE:
· Valid RO vs. DL signal/channel.
· Higher layer configured DL (or UL) signal/channel vs. higher layer configured UL (or DL) signal/channel.
· DCI indicated DL (or UL) signal/channel vs. higher layer configured UL (or DL) signal/channel.

Conclusion
In this contribution, we discussed subband non-overlapping full duplex and summarize our views as the followings:
· Proposal 1: RAN1 to study dynamic deactivation of semi-static SBFD configuration.
· SBFD aware UE can be indicated to deactivate the SBFD operation via dynamic SFI.
· FFS: impact and potential enhancements on dynamic SFI for the co-existence of SBFD aware UE and non-SBFD aware UE in a cell.
· Proposal 2: RAN1 to study link direction of UL/DL subband in a symbol configured as DL and flexible by tdd-UL-DL-ConfigurationCommon.
· In a symbol configured as DL and flexible by tdd-UL-DL-ConfigurationCommon, DL reception is not allowed within UL subband.
· In a symbol configured as flexible by tdd-UL-DL-ConfigurationCommon, both DL reception and UL transmission are allowed outside UL subband.
· Proposal 3: RAN1 to study impact and potential enhancements due to unaligned boundaries of DL/UL subband and configuration granularity of RBG for PDSCH FDRA (i.e., FDRA type 0).
· Enhancements on RBG mapping of PDSCH FDRA type 0 or reusing PDSCH rate-matching mechanism.
· Proposal 4: RAN1 to study impact and potential enhancements of PDSCH receptions with slot aggregation (repetitions) across non-SBFD symbols and SBFD symbols.
· Same TBS can be determined among PDSCH receptions with slot aggregation (repetitions) across non-SBFD symbols and SBFD symbols.
· Proposal 5: RAN1 to study Option 3 (one contiguous CSI-RS resource configuration across non-contiguous DL subbands) in terms of specification impact.
· A UE can assume that PRBs in UL subband (and guard band, if specified) are not available for CSI-RS reception.
· Observation 1: Current CSI reporting mechanism can be reused without enhancement for SBFD aware UE due to no ambiguity between SBFD aware UE and gNB on DL/UL subband locations.
· Proposal 6: RAN1 to study enhancement on intra-slot frequency hopping and inter-slot frequency hopping for PUSCH and PUCCH in SBFD operation.
· Different frequency hopping patterns can be determined across non-SBFD symbols and SBFD symbols.
· Proposal 7: RAN1 to study following collision cases for SBFD aware UE:
· Valid RO vs. DL signal/channel.
· Higher layer configured DL (or UL) signal/channel vs. higher layer configured UL (or DL) signal/channel.
· DCI indicated DL (or UL) signal/channel vs. higher layer configured UL (or DL) signal/channel.
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