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Discussion
1      Introduction
The SID on evolution of NR duplex operation for TDD in unpaired spectrum has one objective to study subband non-overlapping full duplex (SBFD) [1].
The last RAN1 #109e meeting had discussed this objective with following agreements achieved [2]. 
	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.

Guideline for future meetings

· Note: AI 9.3.3 handles the potential inter-gNB and inter-UE CLI handling schemes that are specific for dynamic TDD and schemes that are common for both SBFD and dynamic/flexible TDD.

· Note: AI 9.3.2 handles the potential inter-gNB and inter-UE CLI handling schemes that are specific for SBFD.


Regarding whether the study scope also includes DL transmission in UL symbol, there was a conclusion from RAN [3]:

RAN Conclusion: “UL symbol as 2nd priority is accepted, no intended suspension of continuation of work in WGs”.
This contribution discusses some of the issues for SBFD.
2      Discussion
2.1     SBFD symbol location and indication
For SBFD operation, regarding the symbol location of UL subband, i.e. SBFD symbol location, the following proposal was discussed in the previous RAN1 meeting [4]:
At least study SBFD operation with UL subband in DL and flexible symbols configured by tdd-UL-DL-ConfigurationCommon and/or tdd-UL-DL-ConfigurationDedicated. 

The proposal tried to describe UL subband in DL and flexible symbols from gNB’s perspective. However, since gNB operating SBFD can set tdd-UL-DL-ConfigurationDedicated differently for different UEs, it is still not clear which UE the tdd-UL-DL-ConfigurationDedicated is targeted for. We discuss the symbol operating SBFD for legacy UEs and SBFD capable UEs.
· Legacy UEs
For a legacy UE in a cell operating SBFD, it does not know the SBFD symbol and subband division. The SBFD symbol can be configured as DL or flexible symbol by tdd-UL-DL-ConfigurationCommon by gNB implementation. When the SBFD symbol is configured as DL by tdd-UL-DL-ConfigurationCommon, from legacy UE’s perspective, UE does not know that some of the RBs in the symbol are used for UL transmission of other UEs and gNB will only configure/schedule DL transmission in the symbol for legacy UEs. When the SBFD symbol is configured as flexible by tdd-UL-DL-ConfigurationCommon, depending on the service demand of the UE, to serve UL the symbol can be configured as UL by tdd-UL-DL-ConfigurationDedicated or SFI or scheduled/configured for UL transmission, to serve DL the symbol can be configured as DL by tdd-UL-DL-ConfigurationDedicated or SFI or scheduled/configured for DL transmission. That is to say for SBFD symbol configured as flexible by tdd-UL-DL-ConfigurationCommon, different directions can be configured by tdd-UL-DL-ConfigurationDedicated for different UEs. Therefore, for legacy UEs, gNB can operate SBFD in DL and flexible symbols configured by tdd-UL-DL-ConfigurationCommon. 
Proposal 1: For legacy UEs, study gNB SBFD operation in DL and flexible symbols configured by tdd-UL-DL-ConfigurationCommon.
· SBFD capable UEs
For SBFD capable UEs, it is considered whether the SBFD symbol is transparent to the UE or not.
If the SBFD symbol is transparent for SBFD capable UEs, the symbol configuration way by gNB is the same as for legacy UEs. When much of the slots/symbols are configured as DL by tdd-UL-DL-ConfigurationCommon, as the DL slots/symbols’ transmission direction can’t be changed by tdd-UL-DL-ConfigurationDedicated, or DCI, they can only serve DL. The available symbols for UL transmission are limited, which limits the increase of uplink coverage, capacity, and decrease of uplink transmission delay. When much of the slots/symbols are configured as flexible by tdd-UL-DL-ConfigurationCommon, it is mentioned by companies that legacy UEs are not fully tested to be able to operate with undetermined UL/DL direction of much symbols in commercial deployments. Moreover, it is also not easy for gNBs to exchange and coordinate the intended TDD UL/DL configuration over Xn and F1 interfaces for inter-cell CLI mitigation.
Due to the above reason, as the non-transparent way, informing the SBFD symbol to SBFD capable UEs needs to be studied. One possible mechanism is tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated, and SFI can indicate which slot/symbol is operated as SBFD slot/symbol, reusing the current semi-static and dynamic UL/DL slot/symbol configuration principle. For the compatibility with legacy UE, the SBFD slot/symbol configuration by tdd-UL-DL-ConfigurationCommon is transparent for legacy UEs and can override the legacy UL, DL, flexible slot/symbol configuration by tdd-UL-DL-ConfigurationCommon. To reduce the UL DL switching times, the SBFD slot/symbol is configured being continuous with the UL slot/symbol. For example, the number of SBFD slots before UL slot, the number of SBFD symbols before SBFD slots or UL symbols can be configured by tdd-UL-DL-ConfigurationCommon. For the symbol with undetermined UL/DL direction by the configuration of tdd-UL-DL-ConfigurationCommon, it can be indicated as SBFD symbol by tdd-UL-DL-ConfigurationDedicated or SFI.
Proposal 2: For SBFD capable UEs, study non-transparent SBFD slot/symbol configuration by tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated, and SFI.
2.2     Subband location and indication

In the SBFD symbol, UL subband can be located in the inner part of a carrier between two DL subbands, or on one edge of a carrier. In our view, the motivation of having more than one UL subbands is not clear and we can consider one UL subband in SBFD symbol within the carrier from gNB’s perspective.
Proposal 3: For SBFD operation studied in Rel-18, consider one UL subband in SBFD symbol within the carrier from gNB’s perspective.
One thing needs to be discussed is whether gNB can schedule DL transmission for a UE in the UL subband during a SBFD symbol. On a frequency resource of one SBFD symbol, due to that gNB will not receive UL and transmit DL simultaneously, gNB can send DL for a UE only when there is no UL transmission for all of the other UEs. In that case, the UL subband can be changed to exclude the resource on which no UL transmission occurs. The semi-static or dynamic changing of UL subband is to be further discussed.
Proposal 4: Clarify from the UL subband definition perspective and discussion purpose, UL subband in SBFD symbol is used for only UL transmission direction.

Legacy UEs cannot know the UL subband location. If the UL subband location is transparent for SBFD capable UEs, it may not conducive to CLI measurement and report for inter-subband CLI handling. Although the frequency location of the UE’s UL transmission in SBFD symbol can be configured/scheduled by gNB, it would be more complex for gNB to make the UE reserve some frequency resources without DL reception for other UE’s UL transmission, since the reservation may need to consider all DL channels/signals. The schemes to inform subband location to SBFD capable UEs are summarized in [4] in the previous meeting as below.
Scheme #1: RB-set based SBFD: A subband includes a set of consecutive RBs within a BWP and there may be both UL and DL resources in a same symbol within a BWP. The frequency location of the subband is indicated to the UE. The time location of the subband can be predefined (e.g. in all DL symbols) or indicated to the UE. 

Scheme #2: SUL based SBFD: UL subband is configured by means of SUL configuration

Scheme #3: BWP based SBFD: Each subband is defined as one BWP. In this case, there would be no UL and DL resources in the same symbol within a BWP. Different frame structures can be provided for different BWPs. Enhancements to reduce BWP switching delay were proposed.
Scheme #4: CA based SBFD: The frequency resources within a carrier are configured as different CCs to the UE.

For scheme #1, the BWP includes both UL and DL resources in a same symbol, which changes the current definition of BWP that there are separate UL BWP and DL BWP configured and the frequency resource allocation is based on the BWP for each transmission direction. It needs to study how to ensure gNB only schedules DL or UL in a SBFD symbol for a given UE. Another alternative similar as scheme #1 is the set of consecutive RBs as the UL subband in the SBFD symbol is regarded as a sub-UL BWP. If it is configured within the frequency range of the BWP configured for UL symbol, the UL BWP does not need to be switched between SBFD symbol and UL symbol. If the UL subband locates in the inner part of a carrier, the DL BWP includes non-consecutive CRBs excluding the CRBs used for the UL subband. We think this alternative is more compatible with current UL/DL BWP based resource allocation mechanism for different transmission directions and could be further studied. The current BWP frequency resource configuration way can be considered for the indication of the sub-UL BWP frequency location. The time location of the subband is discussed as the SBFD symbol location in section 2.1.
Scheme #2 and scheme #4 are also applicable to SBFD operation across different TDD carriers. The UE needs to be capable of SUL and CA for scheme #2 and scheme #4 respectively. For scheme #3, not only enhancements need to be discussed to reduce BWP switching delay, but also configuration of multiple BWPs and resource allocation within multiple BWPs in a slot/symbol for one transmission direction need to be introduced.
Proposal 5: Study sub-UL BWP configuration and DL BWP with non-consecutive CRBs in the SBFD symbol.
2.3     Impact on DL resource allocation

The impact on DL resource allocation is mainly due to the DL unavailable frequency resource for UL transmission of other UEs and possible frequency guard band. As the result, the available frequency resource in the SBFD symbol for DL is not consecutive. Currently, the resource allocation of some DL physical channels and signals such as PDCCH CORESET other than CORESET 0, PDSCH, DMRS is within a BWP and a BWP contains consecutive CRBs. To maintain the DL data rate, potential enhancement needs to be studied to utilize the non-consecutive available DL frequency resource in the SBFD symbol.
If the VRBs, PRBs corresponding to the non-consecutive available DL frequency resource in the SBFD symbol are numbered continuously, for example shown in Figure 1 where the DL BWP is consisted of non-consecutive CRBs mapping to continuously numbered PRBs and VRBs, there is little specification impact on the current resource allocation mechanism within a BWP.
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Figure 1 Continuous PRB numbering for non-consecutive CRBs within a DL BWP
Proposal 6: Study the potential enhancements to utilize the non-consecutive available DL frequency resource in the SBFD symbol, including continuous PRB/VRB numbering for non-consecutive CRBs within a DL BWP.
2.4     Impact on UL resource allocation

The UL resource allocation needs to take into account that the bandwidth of available UL frequency resource in the UL symbol is larger than it in the SBFD symbol. Since the study aims to provide enhanced UL coverage in unpaired spectrum, PUSCH would be transmitted in both UL symbol and SBFD symbol with repetition. If the same frequency resource is used for the PUSCH repetition in UL symbol and SBFD symbol, the frequency resource allocation flexibility as well as the occupied bandwidth of repeated PUSCH are limited in the UL symbol, because other available UL frequency resource outside the range of UL subband can’t be used. The potential enhancement to allow different frequency resource usage in UL symbol and SBFD symbol for PUSCH repetition, as the example Figure 2 illustrated, is suggested to be studied.
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Figure 2 Different frequency resource usage in UL symbol and SBFD symbol for PUSCH repetition
Proposal 7: Study the potential enhancements to utilize the unequal available frequency resource bandwidth for UL transmission in UL symbol and SBFD symbol, including different frequency resource usage for PUSCH repetition in UL symbol and SBFD symbol.
3      Conclusion
In this contribution, our views are provided on the NR duplex operation evolution objective to support SBFD. Based on the discussion, we have following proposals:
Proposal 1: For legacy UEs, study gNB SBFD operation in DL and flexible symbols configured by tdd-UL-DL-ConfigurationCommon.
Proposal 2: For SBFD capable UEs, study non-transparent SBFD slot/symbol configuration by tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated, and SFI.
Proposal 3: For SBFD operation studied in Rel-18, consider one UL subband in SBFD symbol within the carrier from gNB’s perspective.
Proposal 4: Clarify from the UL subband definition perspective and discussion purpose, UL subband in SBFD symbol is used for only UL transmission direction.

Proposal 5: Study sub-UL BWP configuration and DL BWP with non-consecutive CRBs in the SBFD symbol.
Proposal 6: Study the potential enhancements to utilize the non-consecutive available DL frequency resource in the SBFD symbol, including continuous PRB/VRB numbering for non-consecutive CRBs within a DL BWP.
Proposal 7: Study the potential enhancements to utilize the unequal available frequency resource bandwidth for UL transmission in UL symbol and SBFD symbol, including different frequency resource usage for PUSCH repetition in UL symbol and SBFD symbol.
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