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1. [bookmark: _Ref521334010]Introduction
In the RAN1 #109-e meeting, subband non-overlapping full duplex in Rel.18 evolution of NR duplex operation was discussed. Some agreements were made as below [1].

Agreement
Study whether/how to inform the UE of the time and/or frequency location of subbands that gNB would use for SBFD operation.

Agreement
Study the impact/potential enhancements of resource allocation in symbols with subbands that gNB would use for SBFD operation.

Agreement
At least study SBFD operation within a TDD carrier.

Conclusion
For discussion purpose only, SBFD symbol is defined as symbol with subbands that gNB would use for SBFD operation. 

Conclusion
For discussion purpose, for SBFD operation within a TDD carrier, a SBFD subband consists of 1 RB or a set of consecutive RBs for the same transmission direction.

Agreement
The time and frequency location of subbands within a TDD carrier are not fixed in the specification.
· Subject to any RAN4 guidance on minimum or maximum subband and guardband size and subband location within TDD carrier. 
· Note that whether the time and/or frequency location of subbands are informed to UE is separately discussed.

In the RAN96 meeting [3], the following conclusion is reached: 
Conclusion: UL symbol as 2nd priority is accepted, no intended suspension of continuation of work in WGs

In this contribution, we provide our considerations on subband non-overlapping full duplex.
2. Time and frequency location of SBFD
This contribution introduce two kinds of subband resource allocation including semi-static resource allocation and dynamic resource allocation.
2.1 Time location of SBFD
In the current 5G system, the UE is configured with semi-static TDD configuration TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated to indicate the DL, flexible or UL slots/symbols. In TDD-UL-DL-ConfigDedicated, only the flexible symbol configured by TDD-UL-DL-Configcommon can be reconfigured to DL or UL. Furthermore，the semi-static flexible symbols can be overwritten by SFI indication, and configured to DL or UL. 
[image: ]
[bookmark: _Ref111035169]Figure 1 Frame structure for SBFD operation
For backward-compatibility and simplicity, the functionality of the flexible symbol can be extended to support the SBFD, where all the flexible symbols configured by TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated or by SFI can be used for SBFD symbols. Figure 1 shows the frame structure for the SBFD operation, where the flexible symbols are used as SBFD symbols. From gNB’s perspective, the resource allocation on the SBFD symbols depends on the scheduling, for example, some sub-bands in the F symbol can be used for DL of one UE, while other sub-bands can be used for UL of another UE. While this SBFD operation is transparent for UE, in other words, the UE considers the whole F symbol as only one direction, and it only use parts of the bandwidth.
Proposal 1：Extend the functionality of flexible symbol for supporting SBFD operation, and the frame structure configuration and slot format indication mechanism in legacy TDD can be reused.

Using the flexible symbol as the SBFD symbol can reuse the current mechanism of the frame structure configuration, so it reduce the complexity of the SBFD configuration. However, too much flexible symbols in the frame structure will introduce the scheduling complexity for SBFD. Alternatively, a number of dedicated symbols can be configured as the SBFD symbols in legacy TDD frame structure by using TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated or SFI, where a fixed number of slots/symbols can be configured as SBFD symbol. As shown in Figure 2, symbols #10-#13 in slot1 and symbols #0-#4 in slot0 are configured as SBFD symbol. 
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[bookmark: _Ref111035157]Figure 2. Dedicated SBFD symbol in frame structure.
Since the gNB works in the FD mode, the UE still works in the HD mode, so the GP shall be reserved in the UL-DL switching. However, too many GP symbols will reduce the resource efficiency. Therefore, the dedicated SBFD symbol should be configured consecutively in the frame structure for saving GP symbols. For one UE, the transmission should be scheduled before the reception in the configured SBFD symbols in order to avoid additional GP configurations. For the UE, the SBFD capability UE will know such configuration, and prepare to received or transmit in this SBFD symbols. In this scheme, once the dedicated SBFD symbols/slots are configured, the SBFD mode will be activated. 
Proposal 2：Support the configurations of a number of dedicated symbols as SBFD symbols, the dedicated SBFD symbols should be consecutive in a period of the frame structure.
2.2 Frequency location of SBFD
2.2.1 Semi-static SBFD resource allocation
   Based on the WID [2], in order to reduce inter-gNB and inter-UE CLI (Cross-link interference), we propose the method on semi-static subband resource allocation. Resource allocation across cells is easily configured consistently by semi-static subband resource allocation method. This can efficiently reduce co-frequency interference between cells. Semi-static subband resource allocation method mainly uses semi-static frequency division to distinguish DL and UL resources by sub-band (including at least 1 RB/1RBG) within one TDD time slot. DL and UL time domain resources within one TDD time slot can be configured by SLIV. Semi-static subband resource allocation between multiple cells is shown in Figure 3. As shown in Figure 1, Cell1 and Cell2 use the same frame structure and the same time/frequency resource allocation for full duplex time slots. DL and UL time domain resource allocations for cell 1 and cell2 are the same as the length of one time slot.
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[bookmark: _Ref111035108]Figure 3. Semi-static subband resource allocation between multiple cells

Proposal 3: Support semi-static resource allocation for evolution of NR duplex operation by broadcast signalling.

2.2.2 Dynamic SBFD resource allocation
    If gNB does not enable semi-static resources for duplex operation, gNB could use DCI (downlink control indication) to dynamically schedule UE to send or receive DL/UL data within one TDD full duplex mode slot. As show in Figure 4, no overlapping the DL/UL resources are allocated for multiple UEs and coordination between cells is required to reduce co-frequency intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex among the cells.


[bookmark: _Ref111035094]Figure 4 Dynamic SBFD resource allocation

Proposal 4: Support dynamic SBFD resource allocation and coordination between cells for evolution of NR duplex operation by DCI.

3. Impact and potential enhancement on SBFD
  The impact and potential enhancement on SBFD will be discussed in this section.
3.1 PRACH for SBFD
   When semi-static SBFD time-frequency resource is configured by broadcast signaling such as SIB1, if RO for Type-1 random access procedure or MsgA RO and MsgA PUSCH for Type-2 random access procedure as shown in Figure 5 and Figure 6 are allowed to be configured in SBFD resource, for UE supporting SBFD operation, UL access delay is reduced due to the increased random access opportunities. So this benefit is obvious.



[bookmark: _Ref111041835]Figure 5. RO for Type-1 random access procedure in SBFD resource

 
[bookmark: _Ref111041876]Figure 6. MsgA RO and MsgA PUSCH for Type-2 random access procedure in SBFD resource

Proposal 5: RO for Type-1 random access procedure is supported to be configured in semi-static SBFD resource.

Proposal 6: MsgA RO and MsgA PUSCH for Type-2 random access procedure is supported to be configured in semi-static SBFD resource.

3.2 SSB on SBFD
As agreed in RAN 96 [3]: SBFD operation on UL symbol as 2nd priority is accepted. When semi-static SBFD time-frequency resource is configured by broadcast signaling such as SIB1, there will be confliction between the SBFD resource and the legacy channels or signals. In the legacy operation: For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, when provided to the UE.
  In the SBFD mode, the above specification should hold true, that is the SSB should not be configured in the pure uplink symbol. However, there will be the case that the SSB is configured in the SBFD symbols although this SBFD symbol is in the legacy uplink symbol. In this case, the SSB should be configured inside the SBFD sub-band, as shown in Figure 7. In other words, the UE does not expect any SSB PRB or symbol configured outside SBFD sub-band.
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[bookmark: _Ref111035474]Figure 7. SSB on SBFD symbols
  On the other hand, the SSB can still be configured in the legacy flexible symbols or DL symbols. For example, the SSB is configured in the slot 0 and slot 1 in the above Figure 7. However, in the legacy DL or Flexible symbols, the SSB can be configured inside the SBFD sub-band, outside the SBFD sub-band or partial overlap with the SBFD sub-band. The SSB has priority in those cases, and should be transmitted. 
Proposal 7: The SSB overlapping with SBFD sub-band should carefully studied. The SSB can be configured inside the SBFD sub-band in the legacy UL symbols, and the SSB can be configured overlapping with SBFD sub-band in legacy Flexible or DL symbols.
3.3 CORESET on SBFD
For CORESET, there are several kinds of CORESET, such as CORESET0, other common CORESET, and UE-specific CORESET. Those CORESET are semi-statically configured, and may overlap with the semi-static SBFD time-frequency resource. The CORESET on SBFD is shown in Figure 8.
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[bookmark: _Ref111038264]Figure 8 CORESET on SBFD
The CORESET should not be configured in the pure uplink symbols, but can be configure in the SBFD symbol which can be legacy DL, UL or Flexible symbols. In legacy UL symbol with SBFD configured, only CORESET0 can be configured inside the SBFD sub-band, but cannot be configured overlapping with any symbol of the RACH occasion (RO) and Ngap before valid RO. For other CORESET, they cannot be configured inside the SBFD sub-band in the legacy UL symbols. 
Proposal 8: The CORESET overlapping with SBFD sub-band should carefully studied. In In legacy UL symbol with SBFD configured, only CORESET0 can be configured inside the SBFD sub-band, but has lower priority than RO.
In the legacy DL symbols with SBFD configured, the CORESET can be configured overlapping with SBFD and the CORESET has priority. In the legacy Flexible symbols with SBFD configured, the CORESET can be configured overlapping with SBFD, the common CORESET has priority. In case there is any symbol of the UE-specific CORESET overlapping with the symbols of RO and Ngap symbols before valid RO, then UE-specific CORESET cannot be used for PDCCH transmission.

Proposal 9: In In legacy F symbol with SBFD configured, common CORESET has priority, then RO, then UE-specific CORESET. In In legacy DL symbol with SBFD configured, CORESET has priority. 

4. Conclusion
In this contribution, we discuss about sub-band non-overlapping full duplex with the following proposal.
Proposal 1：Extend the functionality of flexible symbol for supporting SBFD operation, and the frame structure configuration and slot format indication mechanism in legacy TDD can be reused.

Proposal 2：Support the configurations of a number of dedicated symbols as SBFD symbols, the dedicated SBFD symbols should be consecutive in a period of the frame structure.

Proposal 3: Support semi-static SBFD resource allocation for evolution of NR duplex operation by broadcast signalling.

Proposal 4: Support dynamic SBFD resource allocation and coordination between cells for evolution of NR duplex operation by DCI.

Proposal 5: RO for Type-1 random access procedure is supported to be configured in semi-static SBFD resource.

Proposal 6: MsgA RO and MsgA PUSCH for Type-2 random access procedure is supported to be configured in semi-static SBFD resource.

Proposal 7: The SSB overlapping with SBFD sub-band should carefully studied. The SSB can be configured inside the SBFD sub-band in the legacy UL symbols, and the SSB can be configured overlapping with SBFD sub-band in legacy Flexible or DL symbols.

Proposal 8: The CORESET overlapping with SBFD sub-band should carefully studied. In In legacy UL symbol with SBFD configured, only CORESET0 can be configured inside the SBFD sub-band, but has lower priority than RO.

Proposal 9: In In legacy F symbol with SBFD configured, common CORESET has priority, then RO, then UE-specific CORESET. In In legacy DL symbol with SBFD configured, CORESET has priority. 
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