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Introduction
A new Rel-19 Work item for the evolution of NR duplex operation has been approved in RAN#102 [1]. The following objectives for the semi-static indication of SBFD resources have been captured as below:
· 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
In this Tdoc, we propose some techniques to specify the above enhancement. 
Semi-static indication of frequency domain location of SBFD sub-bands
In the Rel-18 SI, for the semi-static configuration of sub-band frequency locations for SBFD operation, it was agreed in [2]  that at least explicit indication of frequency location of UL sub-band is required. Two options are captured in TR 38.858 as potential solutions for frequency location configuration of DL sub-band(s) and guard-band(s):
· Option 1: Frequency locations of DL subband(s) are explicitly configured. Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s).  
· Option 2: The number of RBs for guardband(s), if any, is explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).
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Figure 1. Indication of frequency domain location of SBFD sub-bands
In option 1, both UL and DL sub-bands have their starting RB and size explicitly signaled (starting CRB and RB length). Guard-bands are then implicitly derived by identifying the RBs that remain unused by the UL and DL sub-bands.
In option 2, the UL sub-band's starting RB and size are explicitly signaled, as is the size of the guard-band(s) in terms of RBs. The configuration parameters for DL sub-band(s) are then implicitly derived by the UE using the remaining RBs not included in the UL sub-band and guard-band(s).
Both options are functionally viable and introduce minimal implementation complexity for the UE. Option 2 likely reduces signaling overhead compared to Option 1. This is because Option 1 requires explicit signaling of start and size for each DL sub-band, whereas Option 2 only signals UL sub-band parameters and the guard-band size(s) (generally smaller than DL sub-bands, hence smaller number of bits to encode it) and the UE infers DL sub-bands as the remaining resources. Also, there is no need to indicate the start of guard-band(s) as they are adjacent to the UL sub-bands, which means further signaling reduction. 
Guard-bands serve the primary purpose of mitigating self-interference and CLI. RAN4 should be involved to establish a supported range of guard-band sizes that optimizes the trade-off between interference reduction and resource efficiency. UEs can contribute by reporting their preferred minimum guard-band values based on their sub-band selection filters implementation.
Proposal 1:	Support Option 2 for the semi-static indication of the frequency domain location of SBFD sub-bands for its reduced signaling overhead  
· Option 2: The number of RBs for guard-band(s), if any, is explicitly configured. DL sub-band(s) are implicitly derived as RBs which are not within UL subband or guardband(s)
On whether the semi-static frequency locations of SBFD sub-bands are signaled via cell-common signaling or UE-specific signaling, we prefer the cell-common option for its simple resource allocation and better CLI impact management. Having different configuration for each UE might become very challenging to manage the inter-gNB and the inter-UE CLI. An UL/DL sub-band could be configured at the cell level together with some UE-specific configurations when needed (e.g., UE specific configured PUSCH resources, PUCCH, …).
Proposal 2:	SBFD sub-bands are configured per cell via cell-common signalling
The sub-band frequency location could be indicated using an RIV for the start RB and number of RBs, mirroring BWP configuration methods. The offset for this indication could reference Point A (CRB0) to mark the initial common RB within the sub-band. Also, the size of the guard-bands is explicitly indicated in terms of number of RBs.
Proposal 3:	Use the RIV formula to signal the start RB and number of RBs of the UL/DL sub-band(s)
Semi-static indication of time location of SBFD sub-bands
	[bookmark: _Hlk153407590]WID (RP-234035)
· 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


According to the WID, the time location for SBFD sub-band is semi-statically indicated to a UE, where the applicable time location can associate with DL and/or flexible symbols indicated by TDD-UL-DL-ConfigCommon. However, in the legacy TDD configuration, a UE can additional indicated with a TDD-UL-DL-ConfigDedicated to override flexible symbols configured in TDD-UL-DL-ConfigCommon. Moreover, if the UE is configured with DCI format 2_0 (slot format indicator, SFI), the slot format can override flexible symbols configured in TDD-UL-DL-ConfigCommon and TDD-UL-DL-ConfigDedicated. Thus it is unclear how a UE determines the transmission direction among time location for SBFD sub-band, TDD-UL-DL-ConfigDedicated, and SFI indicated by DCI 2_0.
Observation 1: For flexible symbols indicated by TDD-UL-DL-ConfigCommon, indication collision among time location for SBFD sub-band, TDD-UL-DL-CondfigDedicated, and SFI configurations should be addressed.
[bookmark: _GoBack]One way to resolve the issue is to specify priorities among configurations, similar to the current UE behaviour to determine symbol directions from TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated, and SFI. Another way is leave it to base station implementations, assuring that for a flexible symbol configured in TDD-UL-DL-ConfigCommon the UE will not receive plural indications from these configurations.
Proposal 4: It is up to base station implementation to avoid indication collision among time location for SBFD sub-band, TDD-UL-DL-CondfigDedicated, and SFI. For a flexible symbol configured in TDD-UL-DL-ConfigCommon, UE is not expect to receive plural indications from time location for SBFD sub-band, TDD-UL-DL-CondfigDedicated, and SFI.
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Figure 2. An example of SBFD with TDD pattern DDDSU
Figure 2 illustrates an example of SBFD frequency and time domain resource configuration with a TDD pattern DDDSU. As addressed in the TR 38.858, flexible symbols are applicable for SBFD operation, thus, it is reasonable to have UL SB preceding the first UL symbol in the special slot (e.g., slot #n+3). In this regard, the original guard period (e.g., flexible symbols in slot #n+3) may need to be replaced to the beginning of the UL sub-band. As captured in the TR 38.858, 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. If the description also implies a behaviour between non-SBFD DL and SBFD UL symbols, the time location indication for SBFD sub-band should consider the case where a guard period can be configured in the beginning of the UL sub-band.
Proposal 5:	The configuration of time location for SBFD sub-band should include an indication for a number of consecutive guard period or flexible symbols in the beginning of the UL sub-band. 
Proposal 6:	Detailed RRC signalling design is up to RAN2
Conclusion
In this contribution, we have presented several proposals to specify the support of semi-static indication of SBFD resources.
We made the following proposals: 
Proposal 1:	Support Option 2 for the semi-static indication of the frequency domain location of SBFD sub-bands for its reduced signaling overhead  
· Option 2: The number of RBs for guard-band(s), if any, is explicitly configured. DL sub-band(s) are implicitly derived as RBs which are not within UL subband or guardband(s)
Proposal 2:	SBFD sub-bands are configured per cell via cell-common signalling
Proposal 3:	Use the RIV formula to signal the start RB and number of RBs of the UL/DL sub-band(s)
Observation 1: For flexible symbols indicated by TDD-UL-DL-ConfigCommon, indication collision among time location for SBFD sub-band, TDD-UL-DL-CondfigDedicated, and SFI configurations should be addressed.
Proposal 4: It is up to base station implementation to avoid indication collision among time location for SBFD sub-band, TDD-UL-DL-CondfigDedicated, and SFI. For a flexible symbol configured in TDD-UL-DL-ConfigCommon, UE is not expect to receive plural indications from time location for SBFD sub-band, TDD-UL-DL-CondfigDedicated, and SFI.
Proposal 5:	The configuration of time location for SBFD sub-band should include an indication for a number of consecutive guard period or flexible symbols in the beginning of the UL sub-band. 
Proposal 6:	Detailed RRC signalling design is up to RAN2


References
[1] [bookmark: _Ref158626532][bookmark: _Ref158202246]RP-234035 “New WID: Evolution of NR duplex operation: Sub-band full duplex (SBFD)”, CMCC (Moderator, RAN1 VC), RAN#102, Edinburgh, Scotland, December 11-15, 2023.
[2] [bookmark: _Ref158658947][bookmark: specType1][bookmark: specNumber][bookmark: specVersion]3GPP TR 38.858 V18.0.0 “Study on Evolution of NR Duplex Operation”


Appendix

SBFD subband information element
-- ASN1START
-- TAG-SBFDsubband-START

SBFD-subband ::=                          SEQUENCE {
    locationAndBandwidth                 INTEGER (0..37949),
    SubbandDirection                     ENUMERATED {downlink},
    Guardband1Size                       INTEGER (0..maxGBSize),
    Guardband2Size                       INTEGER (0..maxGBSize)     
}

-- TAG-SBFDsubband-STOP
-- ASN1STOP


	SBFD subband field descriptions

	locationAndBandwidth

Indicated the starting RB of the SBFD subband and the length of the SBFD subband. The value of the field shall be interpreted as resource indicator value (RIV) as defined TS 38.214 [19] with assumptions as described in TS 38.213 [13], clause 12, i.e. setting =275. 

	SubbandDirection                     
Indicates the direction of the subband whether UL or DL. If not set, the UE assumes UL direction.

	Guardband1Size  
  PRB-level guard band between this SBFD subband and the previous FDMed SBFD subband on the lower side.  If not configured, the UE assumes no guardband.          

	Guardband2Size  
  PRB-level guard band between this SBFD subband and the following FDMed SBFD subband on the upper side.  If not configured, the UE assumes no guardband.          




ServingCellConfigCommon information element
-- ASN1START
-- TAG-SERVINGCELLCONFIGCOMMON-START

ServingCellConfigCommon ::=         SEQUENCE {
    physCellId                          PhysCellId                                                          OPTIONAL,   -- Cond HOAndServCellAdd,
    downlinkConfigCommon                DownlinkConfigCommon                                                OPTIONAL,   -- Cond HOAndServCellAdd
    uplinkConfigCommon                  UplinkConfigCommon                                                  OPTIONAL,   -- Need M
   sbfd-sub-band                        SBFD-sub-band
    supplementaryUplinkConfig           UplinkConfigCommon                                                  OPTIONAL,   -- Need S
    n-TimingAdvanceOffset               ENUMERATED { n0, n25600, n39936 }                                   OPTIONAL,   -- Need S
    ssb-PositionsInBurst                CHOICE {
        shortBitmap                         BIT STRING (SIZE (4)),
        mediumBitmap                        BIT STRING (SIZE (8)),
        longBitmap                          BIT STRING (SIZE (64))
    }                                                                                                       OPTIONAL, -- Cond AbsFreqSSB
    ssb-periodicityServingCell          ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2, spare1 }   OPTIONAL, -- Need S
    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},
    lte-CRS-ToMatchAround               SetupRelease { RateMatchPatternLTE-CRS }                            OPTIONAL, -- Need M
    rateMatchPatternToAddModList        SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPattern   OPTIONAL, -- Need N
    rateMatchPatternToReleaseList       SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPatternId OPTIONAL, -- Need N

< Unchanged parts are omitted >



	SBFD subband field descriptions

	sbfd-sub-band

If present, it indicates the SBFD subband(s) parameters including start and size, guard band(s).




ServingCellConfigCommonSIB information element
-- TAG-SERVINGCELLCONFIGCOMMONSIB-START

ServingCellConfigCommonSIB ::=      SEQUENCE {
    downlinkConfigCommon                DownlinkConfigCommonSIB,
    uplinkConfigCommon                  UplinkConfigCommonSIB                                       OPTIONAL, -- Need R
    sbfd-sub-band                       SBFD-sub-band
    supplementaryUplink                 UplinkConfigCommonSIB                                       OPTIONAL, -- Need R
    n-TimingAdvanceOffset               ENUMERATED { n0, n25600, n39936 }                           OPTIONAL, -- Need S
    ssb-PositionsInBurst                SEQUENCE {
        inOneGroup                          BIT STRING (SIZE (8)),
        groupPresence                       BIT STRING (SIZE (8))                                   OPTIONAL  -- Cond FR2-Only
    },
    ssb-PeriodicityServingCell          ENUMERATED {ms5, ms10, ms20, ms40, ms80, ms160},
    tdd-UL-DL-ConfigurationCommon       TDD-UL-DL-ConfigCommon                                      OPTIONAL, -- Cond TDD
    ss-PBCH-BlockPower                  INTEGER (-60..50),
    ...,
    [[
    channelAccessMode-r16               CHOICE {
        dynamic                             NULL,
        semiStatic                          SemiStaticChannelAccessConfig-r16
    }                                                                                               OPTIONAL, -- Cond SharedSpectrum
    discoveryBurstWindowLength-r16      ENUMERATED {ms0dot5, ms1, ms2, ms3, ms4, ms5}               OPTIONAL, -- Need R
    highSpeedConfig-r16                 HighSpeedConfig-r16                                         OPTIONAL  -- Need R
    ]],
    [[
    channelAccessMode2-r17              ENUMERATED {enabled}                                        OPTIONAL, -- Cond SharedSpectrum2
    discoveryBurstWindowLength-v1700    ENUMERATED {ms0dot125, ms0dot25, ms0dot5, ms0dot75, ms1, ms1dot25} OPTIONAL,  -- Need R
    highSpeedConfigFR2-r17              HighSpeedConfigFR2-r17                                      OPTIONAL, -- Need R
    uplinkConfigCommon-v1700            UplinkConfigCommonSIB-v1700                                 OPTIONAL  -- Need R
    ]]
}

-- TAG-SERVINGCELLCONFIGCOMMONSIB-STOP
-- ASN1STOP

< Unchanged parts are omitted >



	SBFD subband field descriptions

	sbfd-sub-band

If present, it indicates the SBFD subband(s) parameters including start and size, guard band(s).
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