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Introduction
In RAN#102, a new work item was endorsed in RP- 234035, to specify Evolution of NR duplex operation: Sub-band full duplex (SBFD) in Rel-19, where one of the objectives is related SBFD TX/RX/measurement procedures as follows (with some arrangements): 
	· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· Specify semi-static indication of time location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of time location of SBFD subbands in SIB is not precluded
· Specify semi-static indication of frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of frequency domain location of SBFD subbands in SIB is not precluded
· [bookmark: _Hlk153407590]Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]
· Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only
· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands
Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols
· Enhancement on resource allocation in frequency domain in SBFD symbols, including
· resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols
· handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG
· Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, including
· resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
· CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots
· Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol



In this contribution, we share our views on objectives related to SBFD TX/RX/measurement procedures.   

Enhancements for SBFD operation at gNB 
Indication of time/frequency location of SBFD subbands
WID is clear that the indication of sub-bands in time and frequency are semi-static and such indication assumes UE is in RRC Connected mode. In addition, WID is clear that SBFD subbands are configured only in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon. Further, in RAN1#113, the following Conclusion was made: 
Conclusion:
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.

In RAN1#116, two options were discussed for SBFD configuration time; where one option assumes configuration within the TDD-UL-DL pattern and another one assumes a configuration on top of TDD-UL-DL pattern, as shown in the following agreement [1]:

Agreement (116)
For RRC connected mode UEs, SBFD subband time locations are configured within a period. At least when only one TDD-UL-DL pattern is configured, the period is down-selected from one of the following options.
· Option 1: The period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· Option 2: The period is integer multiple of TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· FFS: Further details
FFS: Details when two TDD-UL-DL patterns are configured

In comparison with Option 1, Option 2 potentially configures SBFD symbols less frequently, although we should note that for a given SBFD density, Option 2 is achievable by Option 1 with a proper TDD-UL-DL configuration. The advantage of Option 1 over Option 2 is less specification effort where SBFD pattern is defined as part of each (or any of) TDD pattern(s), as it will be explained below.  

Proposal 1: SBFD subband locations in time are configured within a dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.

Note that TDD-UL-DL-Pattern has some legacy parameters that identifies TDD pattern where for a given periodicity, the pattern may start with DL slots/symbols, if any, and ends with UL slots/slots, if any, any anything in between DL and UL symbols will be flexible symbols/slots, if any. Now with the assumptions in WID and conclusions/agreements in R18, for SBFD slots/symbols, UE should be indicated the transition points from non-SBFD to SBFD and vice versa. An example is shown in Fig. 1, where SBFD symbols/slots are configured within legacy indicated DL symbols/slots, and newly introduced parameters within TDD-UL-DL-Pattern are marked as red. 


Based on this discussion, we have the following proposal:

Proposal 2: Indication of SBFD configuration in time including transition from non-SBFD to SBFD, and vice versa, required guard symbols for transition between legacy TDD and SBFD symbols, and vice versa, will be as TDD-UL-DL-Pattern
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Figure 1: semi-static indication of SBFD symbols/slots
For SBFD sub-band indication in frequency, some related agreements were achieved as part of R18 study item. 
For instance, in RAN1#110b-e, it was agreed that:
Agreement (110b-e)
For SBFD operation within a TDD carrier, it is agreed that SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies is the baseline.

Indeed, the above baseline agreement represents SBFD sub-bands in frequency for SBFD operation from gNB perspective, and it does not mean that UE in SBFD slot must support both DL sub-bands. In fact, some UE implementations may prefer to be scheduled in only one of the DL sub-bands in SBFD slots/symbols, as shown in Fig.2, where UE in this example can only be scheduled in the upper DL sub-band within the SBFD slot. One way to address this issue is to configure UE with upper (and/or lower) DL BWP(s) of the size of upper (or lower) DL sub-band(s) which can be only indicated in SBFD symbols/slots when UE is scheduled to receive in downlink. Such a DL BWP is not corresponding with a center-aligned UL BWP, given that such a DL BWP is only valid in DL sub-band within the SBFD symbol/slot, where UE is only receiving in downlink.
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Figure 2: Concept of SBFD sub-band from UE and gNB perspectives
Based on the above discussion, we have the following proposal.

Proposal 3: For unpaired spectrum, UE may be configured with UL and DL BWPs (cell-specific or UE specific) that have different center frequencies as an indication of UL and DL sub-bands within SBFD symbols/slots. UL & DL BWPs:
· May have different (or the same) numerology,
· May have the same or different bwp-Ids

In the example shown in Figure 2, a guard band is assumed between UL and DL sub-bands. In practice, UE should be able to indicate as part of UE capability, minimum required guard band between UL and DL sub-bands.

Proposal 4: UE indicates as part of UE capability signaling, the minimum required guard band between UL and DL sub-bands, in the unit of frequency, or number of PRBs for each tone spacing.
Indication of cell duplex (or dynamic TDD) operation mode 
If gNB is able to perform full-duplex (or dynamic TDD) operation, this operation has to be transparent to legacy UEs. On the other hand, for a SBFD-aware UE, it may be useful to know if a cell that it is camping on will support duplex operation or not. For example, if UE may require enhanced uplink coverage, it may benefit to camp on a cell with full-duplex operation. On the other hand, if UE is potentially a victim UE, it may prefer to camp to a cell with legacy TDD operation, so UE is more protected from UE-to-UE CLI. Therefore, it may be desired by a future release UE a signaling and procedure to indicate UE(s) about duplex operation at a cell before/during cell acquisition.  Of course, it will be up to UE whether to camp to this cell or perform cell re-selection. One solution could be indication through MIB, by repurposing intraFreqReselection bit in the MIB. Here we should note that for legacy UEs, if the cellBarred in the acquired MIB is NOT set to barred, then intraFreqReselection is a don’t care bit. Thus, for SBFD-aware UEs, if the cellBarred in the acquired MIB is NOT set to barred, intraFreqReselection can be repurposed to indicate whether this cell will be operating in full-duplex or half-duplex in TDD bands. Based on this discussion, we have the following proposal:

Proposal 5: When the cellBarred in the acquired MIB is NOT set to barred, intraFreqReselection is repurposed to indicate whether this cell will be operating in full-duplex or half-duplex in TDD bands.
· If intraFreqReselection is set to 1 (0), it indicates cell will be operating FD (HD), or vise-versa.


FDRA and TDRA considerations
It is commonly understood that each transmission/reception occasion shall happen within the symbols of the same type, i.e., all SBFD symbols or all non-SBFD symbols. But here we should note that, at least for UL transmission and under some conditions that is discussed below, transition from SBFD to non-SBFD symbols (or vice versa) within a slot can be transparent to UE. If so, depending on gNB implementation, UE transmission can survive and no need to drop or segment an UL transmission. The first and most important condition here to keep this transition transparent to UE is to assure FDRA does not change in different symbol types, as shown in Fig. 3. 

Proposal 6: Support UL transmission within a slot that spans both SBFD and non-SBFD symbols, when UE does not expect frequency domain allocation to change across different symbol types:
· A single FDRA indication is applied to all symbol types.
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Figure 3: PUSCH transmission occasion spans SBFD, non-SBFD and possibly transition symbols.
On the other hand, if FDRA in different type of symbols changes, and/or UE is supposed to apply different UL power control parameters in different type of symbols (e.g., to manage UE-to-UE and/or gNB-to-gNB CLI), a consistent UL transmission within a slot is impossible. 
Regarding UL or DL repetitions that span non-SBFD and SBFD slots, where each repetition occasion involves either all SBFD or all non-SBFD symbols, when the repetition occasion includes a symbol type different from the initial repetition occasion, the repetition occasion can be used for transmission, or reception, subject to current spec in 38.213 Sec 11.1, if there is no change in FDRA across different repetition occasions, as shown in Fig. 4. Otherwise, the repetition occasion is dropped.

Proposal 7: When the repetition occasion includes a symbol type different from the initial repetition occasion, that repetition occasion can be used for transmission, or reception, subject to current spec in 38.213 Sec 11.1, if there is no change in FDRA across different repetition occasions.


[image: ]
Figure 4: Repetitions over SBFD and non-SBFD Symbols

More on resource configurations for SBFD operation
For an activated CG-PUSCH, where different repetitions span different slot types (non-SBFD vs SBFD), different CG-PUSCH parameters may be desired. This is due to the facts that UE may follow different power control parameters, and/or gNB may experience self-interference, wider beam indication etc for SBFD slots vs non-SBFD slots. In Fig. 5, an example is shown where CG PUSCH is configured with RRC parameter periodicity as 2 slots (sym2x14). In this example, MCS corresponding to those occasions within legacy non-SBFD slots (CG_PUSCH 1 and CG_PUSCH_3) is different from the MCS for occasions that happen in a SBFD slot (CG_PUSCH_2). 

[image: A diagram of a band

Description automatically generated with medium confidence]
Figure 5: CG-PUSCH configuration with different MCS configurations
Proposal 8: For a type-1 CG-PUSCH, ConfiguredGrantConfig may include a pair of parameters for some of the fields like as follows, where the second value indicates the parameter for CG-PUSCH transmission in SBFD slot:  
· (p0-PUSCH-Alpha, p0-PUSCH-Alpha2)
· (srs-ResourceIndicator, srs-ResourceIndicator2)
· (pathlossReferenceIndex, pathlossReferenceIndex2)
· (mcsAndTBS, mcsAndTBS2)


Proposal 9: For a type-2 CG-PUSCH, UE can be additionally configured with some parameters that are originally indicated by the activation DCI, where 
· the activation DCI indicates PUSCH parameters for all occasions that have the same symbol type as the first PUSCH, coming with the activation DCI. 
· The configured parameters are applied to the CG-PUSCH occasions that will be transmitted on slot types different from the slot type associated to the first PUSCH.
 
In current specification a single DCI can schedule multiple PDSCHs (or PUSCHs), where most of the parameters are the same across different grants, e.g., they all follow the same MCS and FDRA, although TDRA (SLIV) could be different for different grants. Here again, similar o CG-PUSCH (or SPS-PDSCH), it is desired to apply different parameters to different grants, depending on the slot type, i.e., SBFD vs non-SBFD.

Proposal 10: DCI for multi-grant scheduling can have two different MCS fields for PDSCHs (or PUSCHs) in SBFD and non-SBFD slots, the first MCS bit-field is applied to grants in SBFD slots and the second bit-field is applied to grants in non-SBFD slots (or vice versa)
Conflict resolution
It was agreed in RAN1#110b-e that:
Agreement
Identify if there are any cases of time domain conflict of UE’s UL and DL operation in the same SBFD symbol for SBFD aware UE 
· If there are, whether/how to avoid/handle such collision cases (as second step)

Later in RAN1#116. It was agreed that:
Agreement (116)
For SBFD-aware UEs, collisions between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol may be addressed or alleviated with proper scheduling. The following cases of potential collisions, [if link direction indication is not supported or provided], can be further studied to see if any change to the current specs is necessary:
· Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
· e.g., dynamic PDSCH or CSI-RS collides with configured SRS, PUCCH, or CG PUSCH
· Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
· e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH
· Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
· Case 5: SSB vs. dynamically scheduled or configured UL transmission
· e.g., PUSCH, PUCCH, PRACH, SRS
· Case 6: Dynamic or semi-static DL vs. valid RO
Note: In addition to collision between UL transmission and DL reception in the same SBFD symbol(s), collision between UL transmission and DL reception in different symbol(s) due to lack of sufficient transition time between Tx/Rx at UE side is also included.

In our view, such collision should be limited to the scenarios that at least one of the resources is a higher configured resource, e.g., a SPS, CSI-RS etc for DL or UL-CG, periodic PUCCH, periodic SRS, ETC FOR UL. In other words, UE does not expect to be indicated to simultaneously transmit and receive within a SBFD symbol by two dynamic indications. This behaviour is consistent with legacy TDD symbols.   

Proposal 11: If within a SBFD symbol a SBFD aware UE is scheduled to simultaneously receive and transmit, respectively on DL and UL sub-bands, dynamic grant is prioritized. If neither UL nor DL are dynamically indicated, UL resource is prioritized.

We should note that once a dynamic grant cancels another grant, a cancellation timeline is defined which shall be met by the scheduler. Example is given in Fig. 6, where the PUSCH is an UL CG.
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Figure 6: Dynamic grant for PDSCH cancels UL CG PUSCH. 

If SBFD slot and SSB have different periodicities, there can be SSB blocks that lie within SBFD slots. In RAN1, it has been discussed whether such overlapping is allowed. Some pros and cons related to support of UL sub-band in SSB symbols are observed, like providing more UL opportunities (depending on the SSB configuration, SBFD configuration etc) to the aggressor UE, while a half-duplex aggressor UE cannot make SSB measurement if needed, and in addition, UE-to-UE CLI may degrade the performance of SSB detection/measurement at the victim UE. The following agreement was reached in RAN1#112b-e

Agreement
Study the following options for SBFD operation in SSB symbols.
· Option 1: UL subband cannot be configured in an SSB symbol
· FFS handling of misaligned periodicities between SSB and semi-static SBFD subband time location configuration
· Option 2: An UL subband can be configured in an SSB symbol
· FFS whether/when and/or under which conditions an SBFD-aware UE transmits in the UL subband or may receive SSB in the symbol.

In our view, assuming that SSB blocks are within the DL sub-bands and there is enough gap between UL sub-bands and SSB blocks, such overlapping may be allowed. Next, the question is what should be the aggressor and victim UE behavior in case of such overlapping between SSB and SBFD symbols. Here we should note that in current specification, ssb-ToMeasure defines the set of SS blocks to be measured within the SMTC measurement window. A similar procedure can be used to indicate whether a SSB overlapping with UL sub-band is supposed to be measured or not. 

Proposal 12: gNB indicates a new bitmask based on which UE is indicated if a SSB block overlapping with SBFD symbols can be used for SSB measurement or for UL transmission. The bitmask can be cell-specific or UE specific.

Conclusion
In this contribution, we shared our views on different aspects related to UE TX/RX/measurement procedures for SBFD operation at the gNB. Based on what we discussed, the following proposals are made:
Proposal 1: SBFD subband locations in time are configured within a dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.

Proposal 2: Indication of SBFD configuration in time including transition from non-SBFD to SBFD, and vice versa, required guard symbols for transition between legacy TDD and SBFD symbols, and vice versa, will be as TDD-UL-DL-Pattern

Proposal 3: For unpaired spectrum, UE may be configured with UL and DL BWPs (cell-specific or UE specific) that have different center frequencies as an indication of UL and DL sub-bands within SBFD symbols/slots. UL & DL BWPs:
· May have different (or the same) numerology,
· May have the same or different bwp-Ids

Proposal 4: UE indicates as part of UE capability signaling, the minimum required guard band between UL and DL sub-bands, in the unit of frequency, or number of PRBs for each tone spacing.

Proposal 5: When the cellBarred in the acquired MIB is NOT set to barred, intraFreqReselection is repurposed to indicate whether this cell will be operating in full-duplex or half-duplex in TDD bands.
· If intraFreqReselection is set to 1 (0), it indicates cell will be operating FD (HD), or vise-versa.

Proposal 6: Support UL transmission within a slot that spans both SBFD and non-SBFD symbols, when UE does not expect frequency domain allocation to change across different symbol types:
· A single FDRA indication is applied to all symbol types.

Proposal 7: When the repetition occasion includes a symbol type different from the initial repetition occasion, that repetition occasion can be used for transmission, or reception, subject to current spec in 38.213 Sec 11.1, if there is no change in FDRA across different repetition occasions.

Proposal 8: For a type-1 CG-PUSCH, ConfiguredGrantConfig may include a pair of parameters for some of the fields like as follows, where the second value indicates the parameter for CG-PUSCH transmission in SBFD slot:  
· (p0-PUSCH-Alpha, p0-PUSCH-Alpha2)
· (srs-ResourceIndicator, srs-ResourceIndicator2)
· (pathlossReferenceIndex, pathlossReferenceIndex2)
· (mcsAndTBS, mcsAndTBS2)


Proposal 9: For a type-2 CG-PUSCH, UE can be additionally configured with some parameters that are originally indicated by the activation DCI, where 
· the activation DCI indicates PUSCH parameters for all occasions that have the same symbol type as the first PUSCH, coming with the activation DCI. 
· The configured parameters are applied to the CG-PUSCH occasions that will be transmitted on slot types different from the slot type associated to the first PUSCH.
 
Proposal 10: DCI for multi-grant scheduling can have two different MCS fields for PDSCHs (or PUSCHs) in SBFD and non-SBFD slots, the first MCS bit-field is applied to grants in SBFD slots and the second bit-field is applied to grants in non-SBFD slots (or vice versa)

Proposal 11: If within a SBFD symbol a SBFD aware UE is scheduled to simultaneously receive and transmit, respectively on DL and UL sub-bands, dynamic grant is prioritized. If neither UL nor DL are dynamically indicated, UL resource is prioritized.

Proposal 12: gNB indicates a new bitmask based on which UE is indicated if a SSB block overlapping with SBFD symbols can be used for SSB measurement or for UL transmission. The bitmask can be cell-specific or UE specific.
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