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Introduction
The SID for NR duplex evolution aims to identify solutions and evaluate their feasibility to provide enhanced UL coverage, reduced latency, improved system capacity, and improved configuration flexibility for NR TDD operation in unpaired spectrum [1].
In the Rel-18 study item, it is assumed that the duplex enhancements are deployed at the gNB side and that the TDD UE operates in half-duplex. Subband full-duplex (SBFD) operation on a time-domain resource is limited to FDM on the NR carrier. gNB-side full-duplex operation when scheduling or configuring the DL transmissions to UEs and the UL receptions from UEs uses non-overlapping SBFD DL and UL subbands in frequency-domain. Note that in the remainder of this contribution we will simply refer to SBFD for subband full-duplex operation using non-overlapping subband allocations, e.g., as assumed by the Rel-18 SID.
During the Rel-18 study item, RAN1 has identified several applicable and relevant deployment scenarios for SBFD and developed an evaluation methodology for duplex enhancements. RAN1 SLS and LLS based SBFD performance evaluations for FR1 and FR2-1 including co-existence in co-channel and adjacent channels are ongoing and scheduled to finish in RAN1#114. Meanwhile, RAN4 has continued to make good progress on the feasibility evaluation part of UE and BS RF requirements in FR1 and FR2-1 and is conducting adjacent channel coexistence evaluations. RAN4 work is scheduled to finish in RAN4#109.
When considering the overall status of the Rel-18 study item agreements on SBFD to be captured in TR 38.858 Section 6, we deem that RAN1 agreements and agreed TR observations for the following areas of SBFD enhancement are sufficient. For these, (1) Stage 2 design options were identified and agreed and (2) observations for inclusion in TR 38.858 were agreed by RAN1.
· [bookmark: _Hlk142428244]Time-domain resource allocation enhancements for PDSCH/PUSCH/PUCCH across SBFD/non-SBFD slots and when mapped to SBFD/non-SBFD symbols within a slot
· Frequency-domain resource allocation enhancements for PDSCH/PUSCH/PUCCH including FDRA/FH and RBG/PRG handling in presence of a configured SBFD subband
· Separate parameterization for SRS, PUCCH and PUSCH across SBFD/non-SBFD slots, e.g., separate resources, FH parameters, UL power control parameters and/or beam/spatial relations
· PDCCH enhancements
· CSI-RS resource configuration and CSI reporting enhancements
· UE-to-UE inter-subband CLI measurement and associated reporting
Some other SBFD enhancements can benefit from more discussions and possible additional agreements in RAN1#114. For these, agreed-upon Stage 2 design options or observations for TR 38.858 are desirable.
· d-SBFD operation
· SBFD for random access signals/channels when in RRC_CONNECTED or when in RRC_IDLE/INACTIVE
· SBFD transmissions/reception timing in presence of gNB transmit chain imperfections
In our view, most of the detailed signaling aspects related to actual Stage 3 design for SBFD UL and DL subband configuration can be left to the later Rel-19 work item. One important decision point is if the signaling for SBFD configuration of SBFD-aware UEs is required only for RRC_CONNECTED mode, or if UEs in RRC_IDLE/INACTIVE mode also need to be supported.
[bookmark: _GoBack]We further discuss SBFD enhancements related to SBFD configuration and scheduling in Section 2 and for all other areas in Section 3. In Section 4 we summarize our views on possible conclusions and recommendations for the RAN1 part of SBFD operation in TR 38.858 Section 13. Note that we separately discuss possible observations and conclusions for the SBFD evaluation part and df-TDD in our companion contributions [2][4].

SBFD configuration and scheduling
In RAN1#109-e it was agreed that the time and frequency location of subbands within a TDD carrier are not fixed in the specification. In RAN1#111 it was agreed that the understanding for the RAN1 study is that for semi-static configuration of subband frequency locations for SBFD operation, the frequency location of SBFD DL and UL subbands is with reference to CRB grid.
In RAN1#110bis-e, it was agreed that SBFD operation Alt.4 is baseline. It was also agreed that for semi-static configuration of the subband frequency locations for SBFD operation, at least the explicit indication of frequency location of the UL subband is required. It was also agreed that for semi-static configuration of the SBFD subband time locations for SBFD operation, explicit configuration of SBFD subband time locations within a period is the baseline.
In RAN1#111 and RAN1#112, several RAN1 agreements were made with respect to SBFD configuration and UE scheduling options for semi-statically configured downlink and flexible slots/symbols, respectively.
In RAN1#112bis-e, two options were agreed on the frequency location configuration of SBFD DL subband and guard band if any, i.e., Option 1 where an SBFD DL subband is explicitly configured and the guard band is implicitly derived and Option 2 where a guard band is explicitly configured and an SBFD DL subband are implicitly derived. For SBFD UL subband configuration, two options were agreed, i.e., Option 1 where the SBFD UL subband cannot be configured on SSB symbols and Option 2 where the SBFD UL subband configuration on SSB symbols is supported. Furthermore, it was agreed to study benefits, use cases, scheduling flexibility, implementation aspects and compatibility with legacy TDD DL/UL configuration when a slot is configured with both SBFD and non-SBFD symbols.
In RAN1#113, it was agreed that an SBFD UL sub band can be configured on an SSB symbol with possibility of actual UL transmission left for further discussion. More RAN1#113 agreements are summarized in the following sub-sections.
In Section 2.1 we consider DL and/or UL scheduling when legacy D and F symbols/slots are configured with an SBFD UL subband for SBFD-aware UEs. In Section 2.2 we discuss SBFD configuration and signaling aspects for semi-static and dynamic SBFD operation including symbol or slot level resolution for the SBFD time-domain configuration, and the need and potential benefits of an SBFD flexible subband type or group-common signaling.
Note that we consider potential time-domain collision handling rules for the SBFD-aware UEs as relevant for the later WID stage. Possible new collision cases arising from SBFD operation can only be meaningfully identified and concluded upon after principles of SBFD configuration and the supported UE scheduling options, e.g., semi-static and/or d-SBFD operation, are clear.

2.1	DL and UL scheduling
When introducing SBFD support in an NR TDD cell, TDD operation according to the principles of Rel-15 NR where the gNB scheduler can dynamically determine the transmission direction should be preserved.
Rel-15 NR provides 3 signaling mechanisms to indicate to the UE whether a radio resource is assigned for the UL or the DL transmission direction. The basic principle is that the UE monitors the PDCCH and then transmits in the UL or receives in the DL according to its received scheduling DCI. Furthermore, the TDD UL-DL frame configuration can be signaled to the UE as a cell-common pattern, i.e., tdd-UL-DL-ConfigCommon in SIB1. Additionally, the UE-specific TDD UL-DL frame configuration with respect to the F symbols in the cell-common pattern can be configured by tdd-UL-DL-ConfigDedicated. The UE can also be configured with the SFI, i.e., DCI format 2_0. FG 5-1 (basic scheduling/HARQ operation) is UE mandatory. FG 5-1a (UE-specific RRC UL-DL frame configuration) and FG 3-6 (SFI) are UE optional and not usually found implemented.
The following RAN1 agreements were made in RAN1#112 and RAN1#112bis-e with respect to SBFD configuration and UE scheduling options for semi-statically configured D and F symbols, respectively.

Agreement
For dynamic SBFD,
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) are allowed or not in a symbol configured as DL in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband are allowed or not in the symbol configured as flexible in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· UL transmissions outside the semi-statically configured UL subbands are not allowed
· Option 3: DL receptions outside semi-statically configured DL subband(s) are allowed
· UL transmissions outside the semi-statically configured UL subbands are allowed
Dynamic SBFD should be compared with dynamic TDD and/or semi-static SBFD in terms of performance, implementation complexity, switching latency.
For each option, additional conditions may apply to determine whether the option is applicable.

Agreement
Endorse the text proposal in R1-2303639 for the TR with the following update.

6.1.1.3  SBFD operation in symbols configured as flexible in TDD-UL-DL-ConfigCommon
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, the following optionsalternatives are studied for SBFD aware UEs,
OptionAlt 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
OptionAlt 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

In this section, we first provide our views on UE scheduling when legacy D symbols/slots are configured with an SBFD UL subband for SBFD-aware UEs then for the case of legacy F symbols/slots.

2.1.1	SBFD operation on DL symbols
It is desirable to avoid that the introduction of the SBFD support in the NR TDD cell results in a hard UL-DL resource partitioning to avoid DL throughput and spectral efficiency penalties. When the SBFD DL and UL subband configuration is signaled to the UE by the gNB, such a configuration determines where an UL transmission or DL reception may occur. gNB scheduling then actually assigns the corresponding radio resources to actual UL transmissions from the UE or DL receptions by the UE as needed.
One important decision point for the Rel-18 SID is to evaluate the potential benefits and UE modem impacts when allowing for dynamic SBFD operation such as DL scheduling by the gNB inside the configured SBFD UL subband. One option is not to allow DL receptions outside the configured SBFD DL subband(s), i.e., semi-static SBFD operation according to DL-symbol Option 1 (D-1). The other option is to allow for dynamic SBFD DL receptions in the configured SBFD UL subband according to DL-symbol Option 2 (D-2).
D-1 results in semi-static UL-DL resource portioning at least from the perspective of the UE under consideration. For the UE configured with the SBFD UL subband on the SBFD symbol, DL reception on the SBFD symbol then remains confined to the SBFD DL subband(s) and UL transmission remain confined to the SBFD UL subband. From the gNB perspective, other UEs can still be scheduled for DL reception on the SBFD symbol. Semi-static SBFD operation according to D-1 is baseline for SBFD at least in the sense that SBFD operation in absence of a known and explicitly configured SBFD UL subband configuration would not otherwise be possible for the SBFD-aware UEs.
Dynamic SBFD operation according to D-2 allows for DL scheduling of the UE configured with an SBFD UL subband on the SBFD symbol inside its configured SBFD UL subband in addition to D-1.
DL symbol Option 1 (D-1) and Option 2 (D-2) are shown in Figure 1. SBFD operation is configured for the SBFD-aware UE in slots #1, #2 and #3 using ‘DUD’. DL and UL scheduling for the UE configured with an SBFD UL subband is shown in slots #1 and #2 for DL symbol Option 1 (D-1). Slot #3 shows DL scheduling according to DL symbol Option 2 (D-2).
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Figure 1: SBFD operation on a symbol configured as DL in TDD-UL-DL-ConfigCommon

In our view, the gNB scheduler should still be able to schedule the SBFD UL subband for DL transmissions to UEs as needed during SBFD operation. Based on our system-level evaluation results, substantial DL throughput and spectral efficiency losses are observed if semi-static, i.e., hard, UL-DL resource partitioning must be used on the NR carrier in the SBFD deployment. We expect that SBFD system level gains, or rather the avoidance of DL throughput and SE penalties, are substantial for low and medium RU loads if the configured SBFD UL subband on the legacy D symbols remains usable for DL-only scheduling by the gNB.
The ability of the gNB scheduler to exploit the flexibility of DL scheduling using the configured SBFD UL subband according to D-2 will depend on inter-cell intra-subband DL-UL CLI levels. Gains depend on the network load, offered DL and UL traffic, UE distribution and inter-site/inter-sector isolation, and other factors. For many low- and medium-load scenarios, it can be expected that CLI levels during SFBD operation are manageable.
Allowing for the possibility of DL scheduling by the gNB in the configured SBFD UL subband must be considered separately first from the UE perspective and then second from the gNB perspective. The observed higher cell aggregate throughput and increased spectral efficiency when allowing for DL scheduling by the gNB in the configured SBFD UL subband of the D symbol are possible for as long as the gNB can schedule some UE.
When allowing DL scheduling of the configured SBFD UL subband according to DL-symbol Option 2 (D-2), a distinction should therefore be made if DL scheduling in the configured SBFD UL subband of the UE should remain possible for the same SBFD-aware UE (Option D-2a in Figure 1) or only for other UEs (Option D-2b in Figure 1) from the gNB perspective.
SBFD operation according to D-2a allows that the gNB can DL schedule the UE configured with an SBFD UL subband on the legacy D symbol. D-2b only allows that the gNB can DL schedule UEs not configured with an SBFD UL subband on the D symbol. These other UEs can be legacy UEs or can be SBFD-aware UEs which are not configured with the SBFD UL subband on the symbol under consideration and are configured with the SBFD UL subband on other SBFD time-domain resources.
If SBFD operation according to D-2a is supported, UE-side Tx/Rx BB filtering depending on the frequency-domain locations of the configured SBFD DL or UL subband(s) inside the UE DL or UL BWP may be used. Sufficient filter re-configuration and UE switching time must be accounted for. DCI-based scheduling of UL transmission in the SBFD UL subband benefits from the larger allowed PUSCH processing delays. When same-slot scheduling is used to schedule PDSCH in the SBFD UL subband for the SBFD-aware UE on the SBFD symbol, filter re-configuration can then become necessary and switching time must be accounted for. For the UE, support of D-2a is meaningful only if expected served DL and UL traffic from/to the UE allows to exploit the flexibility of DL scheduling using the configured SBFD UL subband. This may not always be the case. For example, when SBFD is deployed for purpose of improved UL coverage in the NR TDD cell, it can be expected that the UE transmitting at maximum configured output power will then use most of the SBFD slots for UL transmissions most of the time to increase its UL:DL slot utilization ratio and its resulting operating UL SINR.
If SBFD operation according to D-2b is supported, the possibility of DL scheduling in the configured SBFD UL subband of UE1 is restricted to the other UEs, i.e., UE2 not configured with the SBFD UL subband on the SBFD symbol. This is a reasonable initial assumption for many expected SBFD deployment scenarios and use cases. Legacy UEs can always be scheduled DL inside their active DL BWP on the legacy D symbol even if the SBFD UL subband is configured for the SBFD-aware UEs on that SBFD symbol. It should also be considered that not all SBFD-aware UEs need to be configured with the SBFD UL subband on all system-wide (from the gNB perspective) available SBFD symbols. For example, SBFD-aware UEs in medium or good SINR conditions benefiting from reduced latency in the NR TDD cell with SBFD support may not need to be configured with an SBFD UL subband in every available (system-wide) SBFD slot/symbol. Configuring these SBFD-aware UEs with an SBFD UL subband on 1 or 2 SBFD slots in addition to the normal UL slot will suffice.
In summary, while we see potential benefits in supporting dynamic SBFD operation according to D-2a, more UE complexity and NR specification impact can be expected when compared to D-1. Semi-static SBFD operation according to D-1 inherently and transparently includes some support for dynamic SBFD operation according to D-2b by allowing the gNB to schedule DL transmissions in the SBFD UL subband for the legacy UEs and other SBFD-aware UEs.
Proposal 1: On a symbol configured as DL in TDD-UL-DL-ConfigCommon, support Option 1 as baseline.

2.1.2	SBFD operation on F symbols
For SBFD operation on symbols configured as F in TDD-UL-DL-ConfigCommon, the RAN1#112 agreement defines 3 options.
F-symbol Option 1 (F-1), Option 2 (F-2) and Option 3 (F-3) are shown in Figure 2 where SBFD operation is configured for the SBFD-aware UE in slots #1, #2 and #3 using ‘DUD’. DL and UL scheduling for the UE configured with an SBFD UL subband according to F-symbol Option 1 (F-1) is shown in slots #1 and #2. Slot #3 shows scheduling according to F-symbol Options 2 (F-2) and 3 (F-3).
D-1/F-1 and D-2/F-2 are equivalent in the sense that the configured SBFD UL subband in the legacy D or the legacy F symbol can now also be used for DL-only scheduling. F-3 allows to convert and use the legacy F symbol into an UL-only symbol. This possibility does not exist for the legacy UEs on the legacy D symbols because SBFD transparent mode cannot be configured for the legacy UEs on the legacy D symbols.
The use of either D-1/F-1 or D-2/F-2 or both results in the same behavior for SBFD-aware UEs from the implementation and the specification perspectives when legacy D and F symbols are configured with an SBFD UL subband on the NR TDD cell. The additional use of F-3, not possible on the legacy D symbols, would result in different UE implementations and separate UE behaviors from the specification perspective when SBFD operation on legacy D and F symbols is supported.
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Figure 2: SBFD operation on a symbol configured as F in TDD-UL-DL-ConfigCommon

One important decision point for the Rel-18 SID is to evaluate the potential benefits and UE modem impacts when allowing for DL scheduling by the gNB inside the configured SBFD UL subband according to Options D-2/F-2. Similar to the case of SBFD operation on legacy D symbols, the gNB scheduler should still be able to schedule the SBFD UL subband for DL transmissions for some UEs during SBFD operation on the legacy F symbols.
Similar to the case of DL scheduling of the configured SBFD UL subband according to DL-symbol Option 2 (D-2), a distinction should therefore be made for F-symbol Option 2 (F-2) if DL scheduling in the configured SBFD UL subband of the UE should remain possible for the same SBFD-aware UE (Option F-2a) or only for other UEs (Option F-2b) from the gNB perspective.
SBFD operation according to F-2a allows that the gNB can DL schedule the UE configured with an SBFD UL subband on the legacy F symbol. F-2b only allows that the gNB can DL schedule UEs not configured with an SBFD UL subband on the F symbol under consideration such as the legacy UEs or other SBFD-aware UEs which are configured with the SBFD UL subband on other SBFD time-domain resources. F-2b (DL scheduling from the gNB perspective) is inherently and transparently supported by the agreement on semi-static SBFD operation according to F-1. The same considerations as in Section 4.2.1 for legacy D symbols apply.
The additional support of F-3, e.g., conversion of the legacy F symbol into an UL-only symbol for the SBFD-aware UE would result in separate UE behaviors for the legacy D and F symbols when SBFD operation is introduced.
The ability of the gNB-side SBFD implementation to schedule a legacy F symbol as DL-only (F-2) or UL-only (F-3) depends on the gNB-side antenna configuration and SIC implementation. However, when the gNB supports scheduling of the legacy F symbol as DL-only (F-2) or UL-only (F-3) symbol, the gNB antenna configuration is switched accordingly, and SBFD operation doesn’t occur from the gNB perspective. 
If D-2/F-2 is supported, the SBFD-aware UEs determine the DL reception parameters for the legacy D or legacy F symbol  DL-only symbol using the DL BWP. If F-3 is supported, the SBFD-aware UEs must also be able to determine the UL transmission parameters for the legacy F  UL-only symbol using the active UL BWP. However, SBFD-aware UEs use the active DL BWP in legacy D symbols to set the DL reception bandwidth and can use the SBFD UL subband configuration to set the UL transmission bandwidth in SBFD symbols configured as legacy D symbol. This results in a number of UE design complications for SBFD-aware UEs if additional flexibility needs to be supported to convert the F symbols to UL-only as allowed according to F-3. For example, FDRA/FH for PUSCH repetition then needs to determine dynamically if a legacy F symbol where a PUSCH transmission of a PUSCH repetition occurs has been scheduled as UL-only (F-3) or has been scheduled as an SBFD symbol (F-1). While UL transmissions from SBFD-aware UEs can be expected to occur across non-SBFD and SBFD slots, a semi-statically configured UL symbol/slot allows to determine the applicable UL transmission configurations for the UE ahead of time.
From the point of views of the gNB and the SBFD-aware UEs, SFBD operation when the SBFD UL subband is configured on a legacy D or legacy F symbol should remain the same.
In particular, the gNB-configured frequency-domain occupancy of the SBFD UL subband inside the gNB channel BW can be expected to be the same for a symbol configured as DL or F by TDD-UL-DL-ConfigCommon. The SBFD UL subband is configured by the gNB according to fixed deployment needs, e.g., depending on the operator band segment. The frequency-domain location and size of the SBFD UL subband therefore mostly depends on the spectrum allocation and the capabilities of the gNB-side SBFD implementation. For many WA or MR base station class implementations, it can be expected that gNB-side SIC capabilities will often restrict the possibility of scheduling UL transmissions outside the configured SBFD UL subband due to RF and BB constraints. The possibility to envision dynamic TDD operation according to F-3 is not meaningful when considering inter-gNB CLI. Therefore, scheduling UL transmissions for SFBD-aware or the legacy UEs on SBFD symbols outside the configured SBFD UL subband as by F-3 is precluded for any SBFD time-domain resource in such scenarios. In the case of some LA base station class implementations or in the case of SBFD operation in FR2-1, fewer such constraints may exist. For the LA BS classes characterized by fewer hardware constraints arising from SIC implementation, the SBFD UL subband can be configured sufficiently large by RRC, e.g., up to the size of the NR channel BW. The SBFD-aware UE can then be either DL or UL scheduled up to the full NR channel BW in the SBFD symbol if desired. Still, even when it is possible to configure almost the entire NR carrier BW as SBFD UL subband, the same gNB implementation capabilities still apply to legacy D and legacy F symbols, so there is no need to distinguish these symbol types with respect to SFBD operation.
It must also be considered that the potential NR specification impact from SBFD operation is significantly increased if DL and UL resource allocations in time- and frequency-domain must account for possibly different UE scheduling behaviors across symbols/slots configured as D or F by TDD-UL-DL-ConfigCommon when the SBFD UL subband is configured. This is best avoided.
Proposal 2: On a symbol configured as F in TDD-UL-DL-ConfigCommon, support Option 1 as baseline.
Proposal 3: On a symbol configured as F in TDD-UL-DL-ConfigCommon, do not support Option 3.
Proposal 4: On a symbol configured as F in TDD-UL-DL-ConfigCommon, support only Alt.1

2.2	Signaling design aspects
2.2.1 Cell common and UE specific SBFD configuration
In our view, most of the detailed signaling aspects related to the Stage 3 design and configuration of the SBFD UL and DL subbands can be left to the later WID. One important decision point for the Rel-19 WID is the need to agree on design principles such as SBFD support for UEs in RRC_CONNECTED mode only or also for the UEs in RRC_IDLE/INACTIVE mode. A related question is indication to the UE of the SBFD DL and UL subband configuration with symbol or with slot level resolution.
If the SBFD configuration to support UEs in RRC_IDLE/INACTIVE mode is also needed, a cell-common and specifically, a SIB1-based, cell-common signaling solution is required. The SBFD configuration for UEs in RRC_CONNECTED mode has significantly less constraints arising from payload size with respect to the SBFD subband time-domain allocation granularity. If SBFD operation is only supported for the SBFD-aware UEs in RRC_CONNECTED mode, SIB1 reception by SBFD-aware UEs on the NR serving cell should not become prerequisite for SBFD operation.
The following conclusion was reached in RAN1#113
Conclusion
At least for semi-static SBFD, in order to avoid frequent switching between SBFD and non-SBFD symbols, potential limitation on the maximum number of transition points between SBFD and non-SBFD symbols can be considered from SBFD subband configuration perspective. Maximum of two transition points including one transition point from non-SBFD symbols to SBFD symbols and one transition point from SBFD symbols to non-SBFD symbols within a TDD UL/DL pattern period can be considered as a starting point where the transition point can be aligned with slot boundary or within a slot.
· Agreement: The usage of ‘switching point’ in previous conclusions/agreements are revised to ‘transition point’
A guard period between SBFD and non-SBFD symbols may or may not be required at gNB and/or UE side depending on gNB/UE implementation and/or SBFD operation.

For legacy UEs in RRC_CONNECTED mode, the network provides system information for the serving cell through dedicated signaling using the RRCReconfiguration message, i.e., using TDD-UL-DL-ConfigCommon in ServingCellConfigCommon. There is no immediate need to require an SBFD UL and DL subband configurations using TDD-UL-DL-ConfigCommon (or a later release extension of it). It is clear that for backwards-compatibility reasons, any RRC provided SBFD subband configuration, independent of the Stage 3 signaling design to be decided upon, must still remain compatible with the pattern1/pattern2 configured for the legacy NR TDD UEs.
We note that it will be necessary to provide the SBFD UL and DL subband configurations to the SBFD-aware UE separately from the legacy tdd-UL-DL-ConfigCommon, e.g., separately from the cell common signaling using SIB1 or ServingCellConfigCommon. For example, only then is it possible to configure UL transmissions for the SBFD-aware UEs in legacy D symbols/slots in the SBFD UL subband. It then also becomes possible to configure and schedule UL transmissions only for the SBFD-aware UEs in the SBFD slots, but not in the normal UL slot. For SBFD-aware UEs, it then also becomes possible to define new UE behaviors not currently supported in Rel-18 such as SBFD-specific CSI-RS resource configuration, CSI reporting behavior, SRS transmissions or CLI reporting for purpose of inter-subband CLI measurements.
Proposal 5: Cell-common SIB1-based indication of SBFD subband configuration(s) for SBFD-aware UEs is supported only if SBFD operation for UEs in RRC_IDLE/INACTIVE mode is supported.

The SBFD UL subband configuration in frequency-domain on an SBFD symbol may often be expected to be the same for UEs because of its dependency on the gNB-side SBFD antenna configuration and SIC implementation. However, it should not be expected that the SBFD UL subband configuration in time-domain will need to be the same for all SBFD-aware UEs in the TDD cell.
For example, when SBFD is deployed for purpose of improved UL coverage in the NR TDD cell, it can be expected that the SBFD-aware UE under cell edge conditions will be configured with an SBFD UL subband in most of the available SBFD slots for its UL transmissions to increase its UL:DL slot utilization ratio and to improve the operating UL SINR. An SBFD-aware UE in medium or good SINR conditions benefiting from the reduced latency when scheduling the DL and/or UL in the NR TDD cell with SBFD support may not need to be configured with an SBFD UL subband on all available system-wide SBFD slots/symbols. From the DL-perspective, most latency reduction gains can already be achieved when configuring the UE with an SBFD UL subband using only one or two SBFD slots.
In consequence, even for SBFD operation for UEs in RRC_CONNECTED mode, it is not meaningful to impose the same cell-common time-domain configuration for the SBFD DL and UL subbands for all SBFD-aware UEs. The gNB should retain the ability to configure DL receptions by UEs in the SBFD DL subbands and configure UL transmissions from UEs in the SBFD UL subband per-UE, i.e., on some but not necessarily all available system-wide SBFD time-domain resources. We note that such a UE-specific approach to time-domain SBFD configuration can also benefit the UE power consumption in RRC_CONNECTED mode. Not all SBFD slots/symbols must then be processed by the UE during the DL and UL scheduling.
Support for cell-common SIB1-based indication of the SBFD subbands and time-domain resources becomes necessary when SBFD operation is supported during Initial Access for the SBFD-aware UE in RRC_IDLE/INACTIVE mode. The needs of SBFD DL and UL subband configuration(s) and their corresponding Stage 3 signaling solutions should therefore be considered separately for SBFD operation when in RRC_CONNECTED mode and when in RRC_IDLE/INACTIVE mode.
For SBFD DL and UL subband configuration in frequency-domain, several approaches are possible. Further consideration and decisions can be left to the later WID. The frequency location of an SBFD DL subband or UL subband has a start RB and an allocation bandwidth. The SBFD subband configuration is signaled to the UE with respect to the CRB grid. For example, the SBFD-aware UE only considers RBs of an SBFD DL or UL subband within its active DL or UL BWP as by Rel-15 NR. Such a principle, i.e., the frequency-domain occupancy of a UE-specific DL signal configuration is configured by RRC with respect to the CRB grid, but only RBs within the active UE DL BWP are then considered for DL receptions by the UE is already applied for CSI-RS resource configuration since Rel-15 NR. The SBFD DL and UL subband configurations can follow a similar principle.
Proposal 6: For SBFD-aware UEs, support UE-dedicated SBFD subband and time-domain configuration as baseline in RRC_CONNECTED mode.

2.2.2 SBFD symbol/slot level resolution
When SBFD configuration in time-domain can use only slot-level resolution, the introduction of SBFD support for the SBFD-aware UEs would result in an undue NR specification effort. A large number of additional exception rules would then become necessary to specify the conditions under which some symbols in the SBFD slot are not available for SBFD reception or transmission.
For example, switching slots with a number of configured D symbols, then F symbols provided as guard interval, possibly followed by U symbols can be expected to be configured with an SBFD UL subband. The number of available SBFD symbols in the switching slot is reduced when compared to legacy D or F slots. Dependencies also exist with respect to SBFD support in different NR carrier bandwidths. For example, detailed specification of the expected UE transmission/reception behavior for the cases that the CORESET#1 for PDCCH reception is configured inside an SBFD DL subband or configured across the SBFD DL and UL subbands on a symbol in an SBFD slot then becomes necessary. Such rules would then also need to define UE behavior for a number of resulting subcases such as when the SBFD UL subband for all symbols in the SBFD slot is scheduled for UL transmission to the UE, or distinguish sub-cases when single-slot PUSCH scheduling is configured or when PUSCH repetition is configured, etc. The SBFD configuration with slot-level resolution can result in a potentially very significant NR specification effort at the later WID stage.
In our view, it is therefore necessary that SBFD configuration in time-domain is supported with symbol-level resolution. We think that such an approach is particularly meaningful when considering that introduction of new features by SBFD-aware UEs in support of SBFD operation first targets RRC_CONNECTED mode. For UE-specific RRC configuration in RRC_CONNECTED mode, fewer payload constraints exist with respect to the signaling payload when compared to RRC_IDLE/INACTIVE mode.
For UEs in RRC_CONNECTED mode, RRC configuration of the SBFD DL or UL subbands in time-domain is much comparable to the RRC configuration of Rel-15 RB-level rate match patterns based on RB-level resolution using a frequency-domain bitmap, a symbol level resolution time-domain bitmap for 1 or 2 slots, and a slot level resolution time-domain repetition bitmap for the symbol-level configuration. Multiple RMPs can be configured for the UE. Payload size is not an immediate concern. 
If symbol-level resolution of SBFD subbands is supported, frequent symbol-level switching of the gNB-side SBFD antenna configuration and SIC implementation in an SBFD slot, i.e., between {D, U, SBFD} should not be expected. If SBFD operation is possible in a slot, it can be expected that a number of consecutive SBFD symbols is then configured in the slot. For some cases, it can be expected that all symbols in the slot are configured with an SBFD UL subband. In other cases, the first or last symbols in the SBFD slot may not be available for SBFD transmission/reception by the gNB. Different numbers of available consecutive SBFD symbols in the SBFD slots should be expected.
The example of NR band n78, NR carrier BW settings of 100 MHz or 60 MHz, SCS = 30kHz and DXXXU with gNB-side SBFD operation in slots #1, #2, and #3 is considered in Figure 3. It is assumed that slot #0 is not configured for SBFD operation due to the presence of the SSBs. Note that when ssb-periodicityServingCell = ‘ms20’ is configured, the slots #0 and #1 would then not be configured for SBFD operation in every 8th frame.
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Figure 3: SBFD time-domain configuration: symbol level resolution

Even if the SBFD UL subband is configured in each of the SBFD slots #1, #2, and #3, different numbers of consecutive SBFD symbols are available in the SBFD slot. For example, 4 F symbols are configured in slot #3 for purpose of providing a guard period for the legacy UEs and 8 SBFD symbols are available for SBFD configuration. For a NR DL carrier BW of 100 MHz, slots #1 and #2 allow for 11 and 12 SBFD symbols, respectively. A different SBFD time-domain configuration must be applied to the case of NR DL carrier BW = 60 MHz where slots #1 and #2 are each configured with 14 SBFD symbols.
In summary, it may be expected that not all symbols in an SBFD slot will be configured with the SBFD UL subband but that the available SBFD symbols in the SBFD slot can be expected to be consecutive.
Most of the time, PUSCH allocations using the SBFD UL subband can be scheduled using a sufficient number of consecutive SBFD symbols. We note that SBFD operation when only few consecutive SBFD symbols are available in the SBFD slot is still meaningful for the short PUCCH formats. PDSCH/PUSCH allocations using less than a minimum of 4 symbols allocated by TDRA are not supported by Rel-15 NR and should not be introduced for purpose of SBFD operation. Short PUCCH transmissions using 1 or 2 symbols can be used even if the SBFD UL subband in an SBFD slot is configured only on 1 or 2 consecutive SBFD symbols.
Proposal 7: For SBFD subband configuration in time-domain, a slot can consist of both SBFD and non-SBFD symbols.
Proposal 8: For SBFD-aware UEs, support SBFD subband configuration in time-domain with symbol level resolution as baseline in RRC_CONNECTED mode.

Allowing for the possibility of SBFD configuration with symbol-level resolution in time-domain by RRC does not imply that scheduling or allocation of PDSCH, PUSCH, PUCCH or SRS across SBFD and non-SBFD symbols within a slot must be supported by the UE implementation.
First, we assume that a UE implementation according to FG 5-1 (basic Scheduling/HARQ operation) should be supported for the SBFD-aware UEs. Specifically, component (9) “TDD support at most one switch point per slot for actual DL/UL transmission(s)” should remain the baseline to minimize UE design impacts for the SBFD-aware UEs.
Second, we assume that PDSCH reception and PUSCH/PUCCH transmission behavior for the SBFD-aware UEs follows the existing Rel-15 NR principles. PDSCH and PUSCH can only be allocated for a consecutive number of symbols. When the first or the last symbols in the SBFD slot are not available as SBFD symbols, e.g., not configured with an SBFD UL subband for the SBFD-aware UE, any PDSCH reception or any PUSCH/PUCCH transmission across the SBFD/non-SBFD symbols is not supported unless phase coherency, the same RE/symbol processing for the channel/signal, and the same EPRE can be guaranteed. We further discuss these aspects in Section 5.1.1.
We note that the possibility to allocate and map a PDSCH, PUSCH or PUCCH across both non-SBFD and SBFD symbols in an SBFD slot is only meaningful when considering the gNB-side SBFD antenna configuration. For example, using SBFD antenna configuration option 1 where the number of antenna elements and the number of TRXs in the SBFD DL subband(s) are reduced when compared to legacy TDD, guaranteeing the same phase coherency, EPRE and QCL when allocating PDSCH or PUSCH across SBFD and non-SBFD symbols is not possible. A guard symbol may be needed for switching of the antenna configuration by the gNB which reduces cell aggregate throughput and penalizes per-UE peak data rate.
In summary, we consider the possibility of using SBFD configuration with symbol-level resolution in time-domain by RRC as a tool to significantly reduce NR specification effort in the later WID stage. Such an approach is inherently more flexible with respect to later SBFD enhancements. We expect that the number of supported UE switch points per slot for SBFD-aware UEs remains the same as in Rel-15.
We note that such an approach is already used by the Rel-15 NR core specifications. Rel-15 NR in principle allows to assign and signal the DL or UL transmission direction with symbol-level resolution. Further limitations such as the number of supported UE switch points per slot, or the number of allowed UL signal/channel combinations per slot in TDD are then imposed by the UE capabilities. The existing Rel-15 FG 5-1 should be the baseline for SBFD-aware UEs when SBFD operation in specified in the WID.
Proposal 9: For SBFD-aware UEs, assume Rel-15 FG 5-1 with TDD support for at most one switch point per slot for actual DL/UL transmission(s) is baseline.

2.2.3 Signaling for d-SBFD
If d-SBFD operation is supported, one design question is if existing group-common signaling such as SFI and DCI format 2_0 can provide benefits. Another design question is the need for an SBFD subband of flexible type.
The following FL proposal was discussed in RAN1#112bis-e and RAN1#113.

FL Proposal 1-8f
Study at least the following options for dynamic SBFD.
· Option 1: Dynamic SBFD is achieved by scheduling DCI which is used to indicate whether the RBs in flexible subband where RBs in flexible subband can be dynamically are used for UL transmission and or DL transmission. 
· FFS definition of flexible subband, e.g. flexible subband is defined as 1 RB or a set of consecutive flexible RBs, which can be used for UL transmission, DL transmission, and guard band 
· FFS benefit of introducing flexible subband in addition to UL/DL subbands
· Option 2: Dynamic SBFD is achieved by scheduling DCI which is used to determine whether DL receptions outside semi-statically configured DL subband and/or UL transmission outside semi-statically configured UL subband are allowed.
· Option 3: Dynamic SBFD is achieved by non-scheduling DCI which indicates whether a symbol is SBFD symbol or not.
Note: whether or not dynamic SBFD is beneficial from a performance perspective is a separate discussion


In our view, proposed Options 2 (“scheduling DCI based”) and 3 (“non-scheduling DCI based”) are well-defined in the sense that existing Rel-15 NR specification features are taken as the starting point for the design options. If dynamic SBFD operation is found beneficial and feasible, some form of signaling is required to support DL scheduling on the legacy D and/or F symbols. The proposed Options 2 and 3 are based on DCI-based assignment(s) of the transmission direction(s) and the use group-common signaling to indicate the transmission direction(s), respectively. However, it will first be necessary to decide on the supported UE scheduling options for SBFD-aware UEs on legacy D and F symbols before scenarios for support of SFI or extended SFI functionality for SBFD operation can be meaningfully discussed and evaluated.
When semi-static SBFD operation DL-symbol Option 1 (D-1) and F-symbol Option 1 (F-1) are considered baseline, extension of existing SFI functionality may not be necessary. When dynamic SBFD DL-symbol Option 2 (D-2) and F-symbol Option 2 (F-2) are considered, more scheduling flexibility exists. For example, from the UE perspective, consideration must then be given to the UE processing timeline when scheduling PDSCH in the SBFD UL subband on the legacy D and legacy F symbols according to D-2a (see Section 2.1). The use of group-common signaling according to proposed Option 3 in the RAN1#113-e FL proposal is then one possible design approach. We note that group-common, i.e., SFI based signaling, if needed and found beneficial, may then be considered primarily from the time-domain perspective, e.g., indicating symbol allocations of type {D, F, U, SBFD}.
Proposed Option 1 in the RAN1#113 FL proposal suggests the use of an SBFD flexible subband type. In our view, there are issues with agreeing on an SBFD flexible subband type.
If only semi-static SBFD operation (D-1) is supported, the configured SBFD UL subband is necessarily an UL subband type from the UE perspective.
If DL-symbol Option 2 (D-2a) is supported, it might be reasoned that the configured SBFD UL subband from the perspective of the UE under consideration is then in fact an SBFD “semi-flexible” subband in the sense that the SBFD symbol configured with the SBFD UL subband for the symbol can be scheduled by the gNB as either SBFD symbol or as DL-only symbol. However, DL scheduling of another UE2 in the configured SBFD UL subband of UE1 by the gNB according to D-2b occurs only from the gNB perspective. The notion of a configured SBFD flexible subband type from the UE perspective is not necessary because the subband is semi-flexible only from the gNB perspective. gNB side transmission/reception behavior in the SBFD subbands will not be specified. Similar considerations apply to DL scheduling in legacy F symbols based on F-symbol Option 2.
If F-symbol Option 3 (F-3) is supported, it is questionable if any SBFD subband configuration at all is needed for the SBFD-aware UEs on the F symbol. The legacy F-symbol can then potentially be scheduled as UL-only symbol by the gNB. Scheduling behavior for SBFD-aware UEs in Rel-19 can then simply follow the legacy Rel-15 NR specification behavior for the F symbols.
Therefore, we consider the introduction of an SBFD flexible subband type option as premature.
Proposal 10: For support of d-SBFD operation, if found beneficial, the following design options may be considered:
· Option 2: Dynamic SBFD is achieved by scheduling DCI which is used to determine whether DL receptions outside semi-statically configured DL subband and/or UL transmission outside semi-statically configured UL subband are allowed.
· Option 3: Dynamic SBFD is achieved by non-scheduling DCI which indicates whether a symbol is SBFD symbol or not.

SBFD enhancements
SBFD operation in the NR TDD network can benefit from gNB coordinated scheduling in time/frequency domain including gNB-to-gNB spatial domain coordination and the use of gNB advanced receivers. In addition, power-domain enhancements such as gNB DL transmit power coordination or UE transmit power control can be used to mitigate CLI. Some of these features require new Xn/F1AP signaling support. Network-side coordinated transmissions of CSI-RS resources for purpose of inter-gNB CLI signal power measurements and interference estimation are of particular interest when considering advanced gNB scheduler implementations.
SBFD performance can be improved by a number of candidate enhancements for SBFD-aware UEs with varying degrees of associated design and specification impact depending on the identified design options:
· Time-domain resource allocation enhancements for PDSCH/PUSCH/PUCCH across SBFD/non-SBFD slots and when mapped to SBFD/non-SBFD symbols within a slot
· Frequency-domain resource allocation enhancements for PDSCH/PUSCH/PUCCH including FDRA/FH and RBG/PRG handling in presence of a configured SBFD subband
· Separate parameterization for SRS, PUCCH and PUSCH across SBFD/non-SBFD slots, e.g., separate resources, FH parameters, UL power control parameters and/or beam/spatial relations
· PDCCH enhancements
· CSI-RS resource configuration and CSI reporting enhancements
· UE-to-UE inter-subband CLI measurement and associated reporting
We do not further discuss these in our contribution considering that RAN1 agreements and agreed TR observations for these areas of SBFD enhancements are deemed sufficient to conclude the RAN1 part of the Rel-18 study item. For details we refer to our earlier SBFD contribution [3]. It can be expected that further evaluation and down-selection of the identified design options for those SBFD enhancements included into the WID objectives will occur during the Rel-19 work item.
In Section 3.1 we discuss the potential usefulness to enable SBFD operation for the random-access signals/channels. In Section 3.2 we discuss SBFD impacts on transmission and reception timing.

3.1	Random Access signals/channels
In RAN1#113 the following FL proposal was made.
Proposal 1-12a
Proposed Conclusion:
If PRACH and Msg3 transmissions are allowed in UL subband for SBFD-aware UEs, it can potentially reduce the latency of random access, reduce the collision probability, improve the coverage of PRACH and Msg3 and avoid the UL resource fragmentation in full UL symbols.
In order to support PRACH and Msg3 transmissions in UL subband for SBFD aware UEs in RRC_IDLE and RRC_INACTIVE states, SBFD time and frequency locations need to be configured in SIB and higher specification impact is expected.


Using the SBFD UL subband for PRACH transmissions (Figure 4) has the benefit that fragmentation of the contiguous UL scheduling BW in the UL slot can be avoided. UL throughput and spectral efficiency is increased in the TDD cell with SBFD. UEs in good SINR conditions can be scheduled by the gNB with high instantaneous UL data rates and benefit from the availability of a larger available contiguous UL scheduling BW in the UL slot. UEs in good SINR conditions or UEs requiring high UL data rates are best scheduled in the UL slot(s) where the CLI is controlled network-wide.
It should be considered that RACH occasions in the UL slot are rarely configured at the carrier edges in practical NR TDD deployments for various reasons. RACH in the UL slot then segments part of the schedulable contiguous UL bandwidth. Most UEs support only the mandatory PUSCH resource allocation type 1, e.g., contiguous PUSCH allocations. When configuring PRACH ROs in the SBFD slots, PRACH creates CLI only when actually used by a UE after selection of a random-access resource. A PRACH RO which is configured, but not used by any UE in the SBFD slot does not create CLI towards other UEs in the SBFD slot. Note that when PRACH ROs are configured in the normal UL slot, they can seldom be re-used for UL data scheduling and shared data/random access reception by the gNB, e.g., when configured, such resources are not available for UL data.
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Figure 4: SBFD operation using the SBFD UL subband or UL slot

Allowing for configuration of PRACH in the SBFD UL subband and use of the SBFD UL subband for RRC and NAS signaling exchanges during the 5G Initial Attach procedure also reduces UE initial acquisition time in NR TDD. It should be considered that about 8-10 DL and UL messages must be exchanged by the network and UE during the Initial Attach procedure. These signaling exchanges are mostly “atomic” and “in sequence”, e.g., successful completion of a NAS procedure such as Authentication Request/Response is first required before a subsequent NAS procedure such as NAS Identity Request can be initiated. NR TDD 30 kHz when compared to NR FDD 15 kHz in the NR low band is penalized by the average UL frame alignment delay incurred for each of the UL RRC and NAS messages due to the limited number of UL slots in TDD. This typically results in 2x longer initial acquisition duration when comparing NR TDD to FDD.
Therefore, we see several potential benefits in allowing for the possibility to use PRACH transmission in the SBFD UL subband. We note that operator contributions in RAN have similarly pointed out that enabling random access signals/channels on SBFD subbands can solve a number of UL coverage bottleneck issues related to the de-facto required use of the short preamble formats in the commercial TDD mid-band deployments.
SBFD operation should prioritize full-duplex operation for UEs in RRC_CONNECTED mode. RACH using the SBFD UL subband in SBFD slots is of relevance for SBFD-aware UEs in RRC_CONNECTED mode, e.g., for network-controlled cell-level mobility handling using the contention-free random-access procedure where access information to the target cell is provided through RRC Handover Command message.
Proposal 11: For SBFD-aware UEs, support at least contention-free random access in SFBD subbands for RRC_CONNECTED mode.
Proposal 12: For SBFD-aware UEs, decide if to support random access in SBFD subbands for RRC_IDLE/INACTIVE mode as part of Rel-19 WID objectives discussion in RAN.

3.2	Transmission and reception timing
In RAN1#112bis-e the following agreement was made.

Conclusion
Time misalignment at gNB between UL receptions and DL transmissions due to configuration of non-zero NTA,offset at UE can lead to increased interference assuming no gNB transmit chain impairments and no filtering of DL subband(s) in the gNB Rx chain.
· FFS the case with gNB transmit chain impairments and/or filtering of DL subband(s) in the gNB Rx chain
· FFS whether/how to mitigate the interference increase, including impact to legacy UEs


In RAN1#113 the following FL proposal was made.
Proposal 2-1
Proposed Conclusion:
One company observes that the increase in interference due to misaligned timing between UL reception and DL transmission at the gNB can be quite small when impairments in the gNB transmit chains and filtering of DL subbands in the gNB Rx chains are considered.
One company observes that a subband Rx filter can reduce the interference due to misaligned timing between UL reception and DL transmission at the gNB but it requires special handling by gNB implementation to bypass the filter in UL symbols which could incur some switching time/delay and could introduce some insertion loss.


In our view, it is beneficial to introduce enhancements to gNB transmission and reception timing in SBFD slots. The DL symbol transmission and UL symbol reception timing alignment at the gNB is one key aspect affecting the achievable gNB SIC and demodulation performance.
The existing Rel-15 UE timing advance procedure controls the UL transmit timing of the UE with respect to the propagation delay of the UE to the gNB. The purpose of the existing timing advance procedure is to align the Rx timings of multiple UL signals transmitted by multiple UEs at the location of the gNB, e.g., ideally within a CP.
The UL reception timing at the gNB for a particular UE can be made to align with the DL transmission timing symbol boundaries during SBFD operation. This however then creates issues when UE DL reception timing in the SBFD DL subband(s) is considered. In the TDD cell supporting SBFD, the desired DL signal received by the victim UE will be subjected to a relative Rx timing difference with respect to the interfering UL signal transmitted by an aggressor UE transmitting in the UL subband of the SBFD symbol. The relative Rx timing difference experiences by the victim UE depends on the 3 relative distances, i.e., between the victim UE and the gNB, between the aggressor UE and the gNB and the distance between victim UE and aggressor UE. The relative Rx timing difference observed by the victim UE in the DL subband then actually becomes largest when the victim UE and UE are co-located (or at least very close) and can become zero even at non-zero distance between the victim UE and UE. When multiple aggressor UEs transmit in the UL, the Rx timing spread of the undesired interfering signals experienced by the DL victim UE is larger. Different SBFD slots are subject to different UE pairings with gNB scheduling. It can often be expected that different SBFD slots co-schedule different UL and DL UEs. The relative Rx timing differences experiences by victim UEs in the DL subband of a slot will generally be different and vary per-SBFD slot. Misalignment of the Tx and Rx symbol boundaries beyond the CP length occurs during SBFD operation. This can negatively affect UE demodulation performance under some conditions despite aggressor UE IBE dominating the UE-to-UE CLI incurred by the victim UE.
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Figure 5: UE UL transmit timing using different TA offset values in SBFD/non-SBFD slots

One possible approach for UE-side transmission and reception timing enhancements to support better gNB side DL and UL symbol alignment at the gNB in the SBFD slots is to use separate Toffset settings for SBFD operation (Figure 5). In order to better align the DL symbol boundaries of transmissions by the gNB in the SBFD DL subband(s) and the UL symbol boundaries of receptions by the gNB in the SBFD UL subband, a zero Toffset offset value can be used for UL transmissions using the SBFD UL subband in SBFD symbols. Another possible approach which has been proposed is to use multiple TAGs per UE on a serving cell to separately control and align the desired UL transmission timing from a particular UE in SBFD slots and non-SBFD slots, respectively. We think either of these techniques are suitable because they can introduce some degree of per-slot transmission timing control for SBFD operation. We note that a similar approach is already being taken in the Rel-18 MIMO enhancements work item.
Using either approach, due to the use of different TA values by the UE for its UL transmissions in the SBFD and non-SBFD slots, respectively, potential overlap of the last symbol in the SBFD slot and the first symbol of the normal UL slot can result. Such an overlap can be handled by symbol dropping rules.
Proposal 13: For SBFD-aware UEs, support configuration with different TA offset values or use of 2 TAGs in the SBFD and non-SBFD slots.

Rel-19 WID scope and objectives
Based on the quite extensive RAN1 SLS and LLS SBFD performance evaluation results for FR1 and FR2-1 submitted by a large number of companies, we observe that gNB-side SBFD support can result in enhanced UL coverage, reduced latency, and improved spectral efficiency in the identified SBFD deployment scenarios in a number of evaluation cases. SBFD can provide gains in many practical NR mid-band TDD and FR2-1 deployments. SBFD is backwards-compatible with respect to legacy UEs. The legacy UEs can also benefit from the availability of the gNB-side SBFD feature when relying on the network implementation to operate SBFD transparent mode.
We therefore recommend to conclude the RAN1 part of 38.858 Section 13 accordingly, i.e., SBFD can provide gains and is backwards-compatible.
A number of candidate enhancements for SBFD-aware UEs with varying degrees of expected design and specification impact depending on the design options have been proposed and discussed in the Rel-18 Duplex study item. We do not expect that all SBFD enhancements documented in TR 38.858 can be part of the Rel-19 work item. The detailed objectives and their associated specification effort for the proposed Rel-19 Duplex work item will also need to remain commensurate with respect to the available TUs when considering the overall Rel-19 WI/SI package.
In our view, the Rel-19 work item SBFD enhancements for SBFD-aware UEs should prioritize SBFD operation in RRC_CONNECTED mode and de-prioritize UE-side support of d-SBFD operation.
UE-side support for d-SBFD can be expected to result in a number of additional L1 design impacts such as DCI signaling and processing timeline for PDSCH and PUSCH. Note that gNB-side and UE transparent d-SBFD operation is still supported (and needed) to avoid system-level penalties resulting from hard resource partitioning of the configured SBFD DL and UL subbands. SBFD enhancements part of the Rel-19 Duplex work item objectives should attempt to prioritize enhancements which minimize the expected L1 design and specification impacts.
While a detailed scope and detailed set of objectives for the Rel-19 Duplex work item will only be discussed during and after RAN#101, we think it is meaningful to consider at least the following areas of SBFD enhancements for inclusion in the WID:
· Resource allocation enhancements for PDSCH/PUSCH/PUCCH
· Separate parameterization for SRS, PUCCH and PUSCH across SBFD/non-SBFD slots, e.g., separate resources, FH parameters, UL power control parameters and/or beam/spatial relations
· CSI-RS resource configuration and CSI reporting enhancements
· UE-to-UE inter-subband CLI measurement and associated reporting

Conclusion
In this contribution, we made the following proposals:
Proposal 1: On a symbol configured as DL in TDD-UL-DL-ConfigCommon, support Option 1 as baseline.
Proposal 2: On a symbol configured as F in TDD-UL-DL-ConfigCommon, support Option 1 as baseline.
Proposal 3: On a symbol configured as F in TDD-UL-DL-ConfigCommon, do not support Option 3.
Proposal 4: On a symbol configured as F in TDD-UL-DL-ConfigCommon, support only Alt.1
Proposal 5: Cell-common SIB1-based indication of SBFD subband configuration(s) for SBFD-aware UEs is supported only if SBFD operation for UEs in RRC_IDLE/INACTIVE mode is supported.
Proposal 6: For SBFD-aware UEs, support UE-dedicated SBFD subband and time-domain configuration as baseline in RRC_CONNECTED mode.
Proposal 7: For SBFD subband configuration in time-domain, a slot can consist of both SBFD and non-SBFD symbols.
Proposal 8: For SBFD-aware UEs, support SBFD subband configuration in time-domain with symbol level resolution as baseline in RRC_CONNECTED mode.
Proposal 9: For SBFD-aware UEs, assume Rel-15 FG 5-1 with TDD support for at most one switch point per slot for actual DL/UL transmission(s) is baseline.
Proposal 10: For support of d-SBFD operation, if found beneficial, the following design options may be considered:
· Option 2: Dynamic SBFD is achieved by scheduling DCI which is used to determine whether DL receptions outside semi-statically configured DL subband and/or UL transmission outside semi-statically configured UL subband are allowed.
· Option 3: Dynamic SBFD is achieved by non-scheduling DCI which indicates whether a symbol is SBFD symbol or not.
Proposal 11: For SBFD-aware UEs, support at least contention-free random access in SFBD subbands for RRC_CONNECTED mode.
Proposal 12: For SBFD-aware UEs, decide if to support random access in SBFD subbands for RRC_IDLE/INACTIVE mode as part of Rel-19 WID objectives discussion in RAN.
Proposal 13: For SBFD-aware UEs, support configuration with different TA offset values or use of 2 TAGs in the SBFD and non-SBFD slots.

In this contribution, we made the following observations in Annexes A (on SBFD backwards compatibility) and B (on SBFD principles):
Observation 1: Functional backwards-compatibility for legacy UEs when SBFD-operation is supported in the NR TDD cell can be achieved by configuring DDDSU in the SIB1 tdd-UL-DL-ConfigCommon.
Observation 2: SBFD transparent mode for legacy UEs when configuring DFFFU in the SIB1 tdd-UL-DL-ConfigCommon can rely on network implementation.
Observation 3: SBFD transparent mode for legacy UEs when configuring DFFFU in the SIB1 tdd-UL-DL-ConfigCommon can be supported on NR TDD cells configured as PCell, SCell or SpCell for CA or DC.
Observation 4: CA-based SBFD transparent mode in FR2-1 using 3CC or 4CC intra-band contiguous carrier aggregation can be supported based on Rel-17 band combinations.
Observation 5: CA-based SBFD operation in FR2-1 can benefit from enhancements such as improved directional collision handling.
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Annex A: SBFD backwards compatibility
When SBFD operation is supported by the gNB in the TDD NR cell, backwards compatibility for legacy UEs is required. Functional UE backwards compatibility and operational backwards compatibility must be considered.
Functional UE backwards compatibility implies that legacy Rel-15 to Rel-18 UEs can still connect to the NR TDD cell and establish service. Transmission and reception of data and the RRC/NAS control signaling should still be possible without undue performance impact. In addition, legacy UEs can potentially benefit from the availability of SBFD operation in the NR TDD cell, e.g., using tdd-UL-DL-ConfigCommon configured with DFFFU and scheduling simultaneous transmissions and receptions for legacy UEs on the flexible symbols.
Operational backwards compatibility means that legacy UEs should still be able to use any existing deployed NR network features such as NR intra-band or inter-band or FR1-FR2 CA, EN-DC, or NR-DC when SBFD operation is introduced in the NR TDD cell.
Legacy UEs using SA mode on the NR TDD cell with gNB-side SBFD operation access the NR TDD cell as their serving cell. These UEs must be able to acquire the NR TDD cell with gNB-side SBFD operation during initial cell-selection and complete initial network access involving NAS and AS. These UEs perform cell re-selection procedures when in RRC_IDLE or RRC_INACTIVE modes when camped on the NR TDD cell.
Using n78, NR channel BW = 100 MHz, SCS = 30kHz and DXXXU with gNB-side SBFD operation in slots #1, #2, and #3 as example in Figure A.1, the gNB can configure SIB1 for the legacy UEs with tdd-UL-DL-ConfigCommon as {dl-UL-TransmissionPeriodicity, nrofDownlinkSlots, nrofDownlinkSymbols, nrofUplinkSlots, nrofUplinkSymbols} = {P = 2.5ms, 3 DL slots, 12 DL sym, 0 UL sym, 1 UL slot}, or DDDSU. The legacy NR UEs then consider only the last 2 symbols in slot #3 as flexible symbols. This disables any possibility to schedule UL transmissions for the legacy UEs in the SBFD UL subband. When SIB1 tdd-UL-DL-ConfigCommon for the legacy UEs is configured with {dl-UL-TransmissionPeriodicity, nrofDownlinkSlots, nrofDownlinkSymbols, nrofUplinkSlots, nrofUplinkSymbols} = {P = 2.5ms, 1 DL slot, 0 DL sym, 0 UL sym, 1 UL slot}, or DFFFU, the gNB can schedule or configure UL transmissions using the SBFD UL subband for the legacy UEs in the flexible symbols of slots #1, #2 and #3. The UL BWPs of the legacy UEs must be configured inside the BS channel BW such that they contain the SBFD UL subband. There is no specification impact.
Note that we assume here that no UE-dedicated, e.g., no UE-specific RRC UL-DL frame configuration is provided to the UEs by RRC. Similarly, the available but optional SFI feature, e.g., DCI format 2_0 is not assumed as configured. This assumption corresponds to typical real-life NR TDD deployments. FG 5-1 (Basic scheduling/HARQ operation) is UE mandatory, but FG 5-1a (UE-specific RRC UL-DL frame configuration) and FG 3-6 (SFI) are optional UE features and not usually found implemented.
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Figure A.1: SBFD operation for legacy UEs, i.e., SBFD transparent mode

When SBFD transparent mode based on DFFFU is configured in the NR TDD cell, the gNB can schedule UL transmissions to the legacy UEs using the SBFD UL subband of slots #1, #2 and #3. PUSCH resource allocation type 1 must be used. Some limitations exist with respect to the CSI-RS resource configurations when configured in these slots. For legacy UEs, UL scheduling by the gNB using the SBFD UL subband cancels reception for the RRC configured DL signals. Similar considerations apply to RRC configured UL signals/channels. Reception of a scheduling DCI by the UE will cancel the configured UL transmission and the UE transmits or receives the scheduled signal/channel. Different Rel-15 based UE modem chipsets and stacks may implement different behaviors when following the gNB scheduling assignments for the semi-static symbols/slots configured as F based on Rel-15 specifications. This can be accounted for by network implementation when SBFD transparent mode is supported for the legacy devices.
Legacy UEs can benefit from improved UL coverage and reduced latency when SBFD transparent mode is available on the NR TDD cell. Cell aggregate throughput and spectral efficiency can increase if low SINR legacy UEs are offloaded to the SBFD UL subband. We note that several inter-operability tests based on actual NR TDD deployments have demonstrated backwards-compatibility and benefits of SBFD transparent mode for legacy UEs.
Observation 1: Functional backwards-compatibility for legacy UEs when SBFD-operation is supported in the NR TDD cell can be achieved by configuring DDDSU in the SIB1 tdd-UL-DL-ConfigCommon.
Observation 2: SBFD transparent mode for legacy UEs when configuring DFFFU in the SIB1 tdd-UL-DL-ConfigCommon can rely on network implementation.

When SBFD operation is supported in a TDD cell in the NR band, the legacy NR UEs can be configured for NR intra-band CA, NR inter-band CA, FR1-FR2 CA, EN-DC, or NR-DC. For operational backwards compatibility, the NR TDD cell with gNB-side SBFD support must be able to operate as PCell, SCell or SpCell at least for the legacy UEs. We note that this is desirable also for the SBFD-aware UEs in order to not impact existing operator deployments. Introduction of gNB-side SBFD support in selected network region for a given NR band by the operator should not affect the existing deployment assumptions with respect to SA or NSA mode supported for network access, and should not affect the CA or DC features with respect to achievable DL UE peak throughput or DL MIMO performance when UCI offloading to lower band carriers is used.
Using the example of NR (FR1-FR1) inter-band CA in Figure A.2, it can be expected that a mid-band NR TDD cell with SBFD support will often be configured as an SCell. Some relevant deployment cases are n3+n78 or n41+n78. The n78 (3.5 GHz) NR TDD cell with SBFD support can use up to 100 MHz channel BW. An n3 (1.7 GHz) NR FDD carrier or an n41 (2.5 GHz) NR TDD carrier can provide the coverage layer and are then configured as the PCell for the legacy UEs. Note that simultaneous Tx/Rx capability is mandated for the UE for n3+n78, but not for n41+n78. In this case, the PCell is located in a different band and the NR TDD SCell with SBFD support will then carry DL data. The NR TDD SCell with SBFD support will then mostly be used for DL data transmission, so the NR TDD SCell UL does not benefit from the availability of gNB-side SBFD support.
Using the example of NR FR1-FR2 CA, it is possible that the mid-band NR TDD cell with SBFD support is configured as the PCell. One relevant deployment case is n78+n257. For example, the n257 (28 GHz) NR TDD cell is then configured with 200 MHz and SCS=120 kHz. Note that simultaneous Tx/Rx capability is mandatory for the UE in this band combination (like for any FR1-FR2 band combination). The FR1 NR TDD PCell with SBFD support carries the DL and UL control signaling in L1, RRC, and NAS for both CCs. The FR1 NR TDD PCell with SBFD support can also carry DL and UL data, so improved UL performance in the PCell with SBFD support is beneficial.
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Figure A.2: SBFD operation on NR SCell with FR1 inter-band CA (n41+n78)

For the EN-DC or NR-DC deployment cases, an example for EN-DC is DC_1A_n78A and for NR (FR1-FR2) inter-band DC an example is DC_n78A-n257A using 2 NR bands. Note that UL data on the n78 NR TDD cell with SBFD support is then present in both example deployment cases. Any potential benefits or penalties resulting from the introduction of SBFD operation on the NR TDD cell can affect the effective network and/or the perceived UE performance.
In summary, SBFD deployment in an NR TDD band in a network region by the operator should not result in the need for the operator to separate or operate the legacy and the SBFD-aware UEs using different frequency layers of the NR deployment. When an SBFD UL subband is configured, a TDD cell with SBFD support may be configured as PCell, SCell or SpCell for CA or DC for either legacy UEs or SBFD-aware UEs.
Observation 3: SBFD transparent mode for legacy UEs when configuring DFFFU in the SIB1 tdd-UL-DL-ConfigCommon can be supported on NR TDD cells configured as PCell, SCell or SpCell for CA or DC.


Annex B: SBFD operation
When gNB-side SBFD operation is supported in the NR TDD cell, two different approaches exist for the network: based on NR single-carrier or based on intra-band carrier aggregation.
One approach and the focus of the Rel-18 SID Duplex is that the gNB configures the SBFD UL and DL subband(s) for the UE inside the UE channel BW, e.g., using NR single-carrier operation. Single-carrier based SBFD is relevant for NR operation in either FR1 or FR2-1. The other approach is the use of intra-band (contiguous) carrier aggregation where an SBFD UL subband is configured by the gNB using one of the component carriers for UL transmissions from the UEs and the other component carriers for DL receptions by UEs. Similar to SBFD transparent mode for legacy UEs, CA-based SBFD can be considered supported by existing core specifications and for some FR2-1 band combinations from Rel-17 onwards.
Using NR single-carrier operation for SBFD, full-duplex transmission/reception by the gNB on a symbol/slot is configured in the BS channel bandwidth. In an SBFD slot, the gNB schedules or assigns the DL and UL resources to UEs using non-overlapping frequency-domain resources.
When a half-duplex TDD UE is scheduled for DL reception in a slot, no simultaneous UL transmission from the same UE can then occur on the same time-domain resource. The gNB must account for sufficient Rx-Tx and Tx-Rx switching times for the UE when scheduling the DL and UL transmissions in different symbols/slots. The UL transmission from a UE in an SBFD slot occur in the configured SBFD UL subband. The DL transmissions to UEs in the SBFD slot occur in one or two SBFD DL subbands located at higher and lower range of the BS channel BW using ‘DUD’ as shown in Figure B.1.
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Figure B.1: SBFD configuration using ‘DUD’

In frequency-domain, it can be expected that the SBFD UL subband is often located at the center of the BS channel BW, e.g., using ‘DUD’. An SBFD configuration of type ‘DUD’ provides most frequency-domain separation and interference isolation for coexistence towards the adjacent channels in band segments of another operator. In cases where an operator holds an NR band segment at the edge of the NR band, or for specialized TDD deployment types such as an NR industrial or factor-floor deployment, configuring the SBFD UL subband at the edge of the BS channel BW, e.g., using ‘DU’ or ‘UD’, is often possible. For the SBFD configurations of type ‘DU’ or ‘UD’, there will then be only 1 SBFD DL subband located at the upper or at the lower edge of the BS channel bandwidth.
It is not meaningful to assume that a single fixed size of the SBFD UL subband will always be sufficient for all deployment needs. At least for FR1 evaluation purposes, it may be assumed that the operator owns a contiguous 100 MHz band segment in n78 and that the SBFD UL subband is from 20 to 25 MHz wide. However, many operators own n78 band segments of smaller size, e.g., 40 or 60 MHz. Some operators may only hold 2 disjoint band segments in n78. The need to configure an SBFD UL subband of smaller size than 20 MHz exists. Similar considerations with respect to the need for flexible SBFD UL subband configuration suitable to deployment needs hold true for FR2-1 or when considering the NR industrial type deployments. A configurable size and location for the SBFD UL subband in frequency-domain does not imply that the size and the location, e.g., the frequency-domain occupancy, of the SBFD UL subband needs to change on a per-symbol allocation basis. It may be expected that the gNB-side SBFD implementation imposes practical limits with respect to the feasibility of UL receptions outside a maximum possible reception bandwidth while respecting the KPIs due to antenna design, SIC implementation and/or filtering. These constraints will then be the same for all symbols/slots where SBFD operation is possible.
Another approach for the network to configure the UE for SBFD operation is the use of intra-band (contiguous) carrier aggregation when SBFD is deployed in FR2-1 (Figure B.2).
Using intra-band carrier aggregation in FR2-1, either 3 or 4 contiguous CCs can be configured for the UE in the aggregated BS channel BW. With 3CC contiguous intra-band CA, the SBFD UL subband can be configured in the center of the aggregated transmission BW. Using 3CC intra-band CA in FR2-1, the SBFD UL subband is configured with an UL-heavy UL-DL frame configuration in one of the CCs and the SBFD DL subband(s) are configured on the 2 remaining CCs.
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Figure B.2: SBFD using 3 CC contiguous intra-band CA in FR2-1

Using FR2-1 intra-band carrier aggregation for SBFD operation, more flexibility exists to deploy SBFD in the NR TDD cell when compared to the FR1 upper mid-band. When FR2-1 intra-band CA is configured for the UE, it is in principle possible to configure the DL BWPs corresponding to the SBFD DL subbands independently from the size of the SBFD UL subband, or to use features such as R16 SCell Dormancy for reception in the SBFD DL subbands, or to configure the CCs with unaligned frame boundaries and the slot offset. NR FR2-1 can support Independent Beam Management (IBM) and Common Beam Management (CBM) features with simultaneous DL reception on different CCs from the co-located and non-collocated TRPs in Rel-16 and Rel-17. IBM implies that a UE is capable of DL simultaneous reception on different UE panels/chains using separate beams on different CCs and requires improved UE BB and RF capabilities, e.g., multiple BB chains and support of multiple antenna panels. The Rel-18 FR2 enhancements are ongoing and will introduce requirements for FR2-1 UEs capable of multi-beam/multiple Rx chain simultaneous DL reception on a single CC to achieve improved RF, RRM and UE demodulation performance. Note that the use of FR1 intra-band TDD CA for purpose of enabling SBFD operation would be significantly more challenging than using a single NR carrier for SBFD operation in FR1 for a variety of reasons.
While the focus of the Rel-18 SID is on SBFD operation using a single NR carrier, several enhancements for SBFD operation based on the use of intra-band contiguous CA in FR2-1 are meaningful to consider at a later stage. One area for such potential FR2-1 enhancements is the Rel-16 directional collision handling.
Observation 4: CA-based SBFD transparent mode in FR2-1 using 3CC or 4CC intra-band contiguous carrier aggregation can be supported based on Rel-17 band combinations.
Observation 5: CA-based SBFD operation in FR2-1 can benefit from enhancements such as improved directional collision handling.
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