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Introduction
3GPP has agreed on specifying subband full duplex operation [1]. In this contribution, we further discuss the matters of SBFD TX/RX/measurement procedures that are related.
SBFD operation
In this section we discuss the general SBFD configuration, i.e., time and frequency locations of SBFD subbands, link direction and collision handling.
[bookmark: _Ref162436175]Semi-static indication of SBFD subbands
Indication of time location
In RAN1 #116, RAN1 made the following agreements related to indication of time location for SBFD symbols [2]:
	Agreement
For RRC connected mode UEs, at least cell-specific configuration on time and frequency(working assumption) location of SBFD subbands is supported within a TDD carrier.
· FFS: Additional support of UE-specific configuration on time and/or frequency locations of SBFD subbands

Agreement:
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

Agreement
A slot can consist of SBFD symbols and non-SBFD symbols.
For semi-static indication of SBFD subband time location,
· When only one TDD-UL-DL pattern is configured, SBFD symbols are configured in consecutive manner within a TDD-UL-DL pattern period. When two TDD-UL-DL patterns are configured and if SBFD symbols are configured for only one of the patterns, SBFD symbols are configured in consecutive manner within the TDD-UL-DL pattern period. When two TDD-UL-DL patterns are configured and if SBFD symbols are configured for both patterns, SBFD symbols are configured in consecutive manner within each TDD-UL-DL pattern period.
· SBFD symbols are configured in DL and/or flexible symbols configured in TDD-UL-DL-ConfigCommon
· The configured SBFD symbols can start from any symbol within a slot and can end in any symbol within a slot.
· referenceSubcarrierSpacing in TDD-UL-DL-ConfigCommon is used as reference SCS.
· FFS details




According to the current specification, TDD-UL-DL-ConfigCommon configures a TDD pattern in which sets of symbols are indicated as cell-specific DL and UL symbols and the remaining symbols are flexible. Furthermore, some UEs in connected mode can be signaled with TDD-UL-DL-ConfigDedicated which configures some of the flexible symbols in the cell-specific TDD pattern as UE-specific DL or UL. For SBFD operation, another level of TDD configuration will be introduced which further configures some of the DL or flexible symbols from cell-specific TDD configurations as SBFD symbols.
Figure 1 illustrates TDD configuration in a cell with three different UEs. In a 5-slot TDD pattern periodicity, the cell-specific TDD pattern is configured as DFFFU; UE1 is not configured with dedicated TDD pattern; for UE2, slots 2, 3 and 4 are modified by dedicated configuration; for UE3, slots 2 and 4 are modified by dedicated configuration. However, configuring an SBFD symbol in a symbol that is also configured as UE-specific UL would imply transmission direction conflicts between a legacy UE’s UL and SBFD capable UE’s DL in the DL subbands of the UE-specific UL slots which would violate legacy operation. Hence, it is concluded that the symbols that can be modified to SBFD by cell-specific configuration (i.e., applicable to all UEs) is the intersection among DL + flexible symbols of all the UEs in the cell specified by common and dedicated TDD configuration. 
[image: ]
[bookmark: _Ref163235729]Figure 1: Illustration of common TDD pattern, dedicated TDD pattern and resulting constraints on SBFD time domain configuration.
Related to UE-specific TDD pattern is the management of flexible symbols that are also configured as SBFD symbols. In an SBFD symbols, there is no ambiguity regarding the transmission direction. For that reason, there is no need to have the ambiguity resolved by SFI in DCI format 2_0, and the UE can consequently disregard it.
[bookmark: _Toc163235687][bookmark: _Toc163246017][bookmark: _Toc163247135]Configuring symbols as both SBFD and UE-specific UL will violate backwards compatibility for legacy UEs.
[bookmark: _Toc163243886][bookmark: _Toc163246035][bookmark: _Toc163246673][bookmark: _Toc163247153]UE-specific UL may not be configured in symbols also configured as SBFD.
[bookmark: _Toc163243887][bookmark: _Toc163246036][bookmark: _Toc163246674][bookmark: _Toc163247154]An SBFD configured UE disregards SFI in DCI format 2_0 for SBFD symbols.
Another related topic is UE-specific SBFD configurations. On the network level, there are strong arguments opposing UE-specific SBFD configurations, for both time and frequency. In order to avoid simultaneous DL transmission from neighboring gNBs while a UE is transmitting in the UL subband, SBFD configuration must not only be cell specific, in fact it must be network specific, see Figure 2. That is, gNB A cannot use the UL subband of an SBFD symbol for transmission while gNB is using it for UL reception, since gNB A will be a direct aggressor in the UL subband, interfering with received signal in gNB B. Hence, the only configuration that is practically feasible is the cell-specific time and frequency configuration of the SBFD subbands. This is also one reason why any UE-specific TDD configuration of flexible symbols should be deprioritized in SBFD symbols, since also this will not be practically feasible and the ambiguity that it resolves no longer exists.
[image: ]
[bookmark: _Ref163210868]Figure 2: Illustration of interference between UE-specific and cell-specific SBFD confgurations.
[bookmark: _Toc163235688][bookmark: _Toc163246018][bookmark: _Toc163247136]SBFD time and frequency configuration needs to be network specific for interference reasons. UE-specific configurations of time and frequency has no use. 
[bookmark: _Toc163243888][bookmark: _Toc163246037][bookmark: _Toc163246675][bookmark: _Toc163247155]No UE-specific time configuration of SBFD symbols is supported.
An additional matter that was discussed in RAN1 #116 was the periodicity of the SBFD subbands. Here, the two options promote the same and different periodicities as the TDD pattern periodicity. In our view, the most common configuration would be to use the same periodicity for SBFD subbands as for the TDD pattern. Presumably, SBFD is configured for a reason, and the need is not only marginal. Consequently, a substantial amount of the resources can be expected to be configured as SBFD symbols. Hence, the default configuration should be that the SBFD period is the same as the TDD pattern period. However, we also acknowledge that the additional effort for introducing a longer periodicity and an offset for allowing longer SBFD periodicity than the TDD pattern period, is limited. As an optional configuration, such configurability would be acceptable.
[bookmark: _Toc163243889][bookmark: _Toc163246038][bookmark: _Toc163246676][bookmark: _Toc163247156]By default, the SBFD period is the same as the TDD-UL-DL pattern period. Optionally, an extended periodicity and offset can be configured.
Based on our proposals above, it is convenient to extend the current TDD-UL-DL-ConfigCommon IE with SBFD time domain configuration as shown in the ASN.1 code below. In the exemplary ASN.1 code, the current IE is extended with one or two TDD-Sbfd-Pattern, which define the start and stop slot/symbol for a set of consecutive SBFD symbols in the time period(s) specified by the existing TDD-UL-DL-Pattern(s).
TDD-UL-DL-ConfigCommon ::=          SEQUENCE {
    referenceSubcarrierSpacing          SubcarrierSpacing,
    pattern1                            TDD-UL-DL-Pattern,
    pattern2                            TDD-UL-DL-Pattern                OPTIONAL, -- Need R
    ...,
[[
    sbfdPattern1						TDD-Sbfd-Pattern,
    sbfdPattern2						TDD-Sbfd-Pattern				 OPTIONAL, -- Need R

]]
}

TDD-Sbfd-Pattern ::=       SEQUENCE {
	sbfdStartSlot						INTEGER (0..-1),	
	sbfdStartSymbol						INTEGER (1..maxNrofSymbols-1),
	sbfdEndSlot							INTEGER (0..-1),    OPTIONAL  -- Need S
	sbfdEndSymbol						INTEGER (0..maxNrofSymbols-1)  	OPTIONAL  -- Need S
}

Indication of frequency location
For frequency domain indication of SBFD symbols, RAN1 made the following agreements in RAN1 #116 [2]:
	[bookmark: _Hlk161665816]Agreement
For RRC connected mode UEs, at least cell-specific configuration on time and frequency(working assumption) location of SBFD subbands is supported within a TDD carrier.
FFS: Additional support of UE-specific configuration on time and/or frequency locations of SBFD subbands

Agreement:
The maximum number of UL subbands for SBFD operation in an SBFD symbol within a TDD carrier is one.
The UL subband can be located at one side of the carrier or can be located at the middle part of the carrier.
[bookmark: _Hlk162436760]For semi-static indication of SBFD subband frequency location, down-select from the following options.
· Option 1: Frequency locations of UL subband and 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: Frequency location of UL subband and the number of RBs for guardband(s), if any, are explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).

Agreement
The subband frequency-domain resources are same across different SBFD symbols within a TDD carrier. Frequency location of cell specific UL subband, and DL subband(s) if explicitly indicated, are indicated with reference to CRB grid.
· RB-level granularity is supported for semi-static indication of SBFD subband frequency location.
· Subject to RAN4 guidance on the size of subband/guardband, if any
· FFS reference starting RB and reference SCS

Agreement
For discussion purpose, UL subband frequency resources within active UL BWP are called UL usable PRBs and DL subband(s) frequency resources within active DL BWP are called DL usable PRBs.
For determining UL/DL usable PRBs, consider the following options.
· [bookmark: _Hlk162431236]Option 1: UL usable PRBs are determined as intersection between cell-specific UL subband and active UL BWP in SBFD symbols. DL usable PRBs are determined as intersection between cell-specific DL subband(s) and active DL BWP in SBFD symbols.
· Option 2: UL/DL usable PRBs are explicitly configured within active UL/DL BWP in SBFD symbols.




We have already jointly discussed UE-specific time and frequency domain configurations in Sec. 0 and the severe consequences on interference they would have, should they be agreed. Based on that discussion, we make an analogous proposal for the frequency domain as we have already done for the time domain: 
[bookmark: _Toc163243890][bookmark: _Toc163246039][bookmark: _Toc163246677][bookmark: _Toc163247157]No UE-specific frequency configuration of SBFD symbols is supported.
RAN1 #116 also discussed cell-specific configuration of the frequency location of SBFD subbands. In our understanding, without such cell-specific configuration, any IDLE mode SBFD operation will be made more complex since the equivalent information would need to be provided somehow. Moreover, SBFD ROs would mandate that flexible symbols were configured, since ROs in DL symbols are invalidated. This requirement would be valid not only for SBFD capable UEs but also legacy UEs since the same mapping pattern would be required to account also for legacy UEs. Legacy UEs does typically not support the use of flexible symbols implying an inefficient resource utilization. Hence, in practice, without a cell-specific frequency configuration, operation in RRC IDLE cannot be supported. Finally, also related to the PRACH discussions in AI 9.3.2, there would be no natural restriction in ROs in the frequency domain, unnecessarily complicating and restricting the flexibility of PRACH.
In the first session of RAN1 #116, a working assumption was made on cell-specific configuration of frequency location of SBFD subbands. In our view, this WA has already been turned into an agreement by the second agreement above, stating that “For semi-static indication of SBFD subband frequency location,” i.e., implicitly semi-static frequency domain configuration has been agreed.
[bookmark: _Toc163235689][bookmark: _Toc163246019][bookmark: _Toc163247137]Unless a cell-specific frequency configuration is specified, in practice, IDLE mode cannot be supported.
The WA on cell-specific frequency configuration has already been implicitly confirmed through other agreements.
In the current RRC specification, DL and UL frequency information for a serving cell is provided in different IEs. Consider servingCellConfigCommonSIB as an example, the DL and UL frequency information are provided by FrequencyInfoDL-SIB in DownlinkConfigCommonSIB and FrequencyInfoUL-SIB in UplinkConfigCommonSIB, respectively.  For an SBFD configuration in the frequency domain, it is natural to follow this approach and specify SBFD DL and UL subbands in FrequencyInfoDL-SIB and FrequencyInfoUL-SIB respectively. Furthermore, it is anticipated that the SBFD subband configuration is also SCS-specific, therefore we propose that the current SCS-SpecificCarrier is extended with SBFD subband configuration as demonstrated in the figure below.

SCS-SpecificCarrier ::=             SEQUENCE {
    offsetToCarrier                     INTEGER (0..2199),
    subcarrierSpacing                   SubcarrierSpacing,
    carrierBandwidth                    INTEGER (1..maxNrofPhysicalResourceBlocks),
    ...,
    [[
    txDirectCurrentLocation         INTEGER (0..4095)                                       OPTIONAL            -- Need S
]]
[[
subbandConfig					SEQUENCE (SIZE (1..maxNrofSubbands)) OF SubbandConfig	OPTIONAL                             -- Cond SBFD
]]
}
Figure 3: Extension of SCS-SpecificCarrier IE to support SBFD subband configuration.
To facilitate this RRC signaling design approach, RAN1 should agree on that DL and UL subbands are configured separately and with decoupled parameter sets (such as starting RB and number of RBs). Bearing this consideration in mind we should support Option 1 in the agreement above. Additionally, RAN1 should allow specification of a single reference carrier SCS configuration and allow any additional carrier SCS configurations to inherit their configurations from the reference. In addition to overhead, a strong reason for that is that the guard bands are HW constrained and will thus anyway overlap among different carrier SCSs and providing multiple configurations risks misconfigurations.
[bookmark: _Toc163235690][bookmark: _Toc163246020][bookmark: _Toc163247138]The UL and DL carrier configurations (SCS-SpecificCarrier) in the current spec are signaled in separate IEs.
[bookmark: _Toc163235691][bookmark: _Toc163246021][bookmark: _Toc163247139]The UL and DL subband configurations need to be physically aligned among carrier SCS configurations.
[bookmark: _Toc163243891][bookmark: _Toc163246040][bookmark: _Toc163246678][bookmark: _Toc163247158]Support Option 1 regarding UL/DL subband configuration, i.e., frequency locations of UL subband and DL subband(s) are explicitly configured.
[bookmark: _Toc163243892][bookmark: _Toc163246041][bookmark: _Toc163246679][bookmark: _Toc163247159]If the SBFD frequency configuration is only provided for a single reference carrier SCS, it shall also be applied to the remaining carrier SCSs.
In RAN1 #116, some companies proposed additional configurability and restrictions for the UE’s usable bandwidth as reflected in Option 2. In our view, the BWP already fulfil that need and an additional quasi-BWP, in effect shrinking the active BWP for SBFD symbols, should not be introduced. A UE that is configured with a wide DL BWP, spanning both DL slots in an SBFD DUD configuration, can be expected to benefit from that bandwidth. In fact, the benefit increases by the fact that the UL subband will remove some DL resources without necessarily reducing the UE’s need for such resources. Hence, introducing additional configuration for this is not only unnecessary but also contradicts the objective with configuring the wide DL BWP to start with. On the other hand, a UE with a limited need for bandwidth resources can be configured with a narrower DL BWP, spanning only one of the two DL subbands, and thereby entirely ignore the second DL subband and benefit from a more narrowband receiver configuration.
[bookmark: _Toc163235692][bookmark: _Toc163246022][bookmark: _Toc163247140]Adding an additional parameter for the UE’s usable bandwidth for UL and DL subbands would in effect contradict the fundamental assumption in NR of a single active BWP.
[bookmark: _Toc163243893][bookmark: _Toc163246042][bookmark: _Toc163246680][bookmark: _Toc163247160]Support Option 1 regarding the UL and DL subbands’ usable resources configuration, i.e., UL and DL usable PRBs are determined as intersection between cell-specific UL and DL subband and active UL and DL BWP in SBFD symbols, respectively.
Link direction determination at the UE
Regarding link direction determination, RAN1 made the following agreements in RAN1 #116 [2]:
	Agreement
For SBFD-aware UE transmission and reception in an SBFD symbol, consider the following options to determine link direction, i.e. whether to transmit or to receive in the SBFD symbol. 
· Option 1: UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any).
· Option 2: link direction is indicated by gNB explicitly.
Other options are not precluded. 



With respect to the above agreement, we note that Option 1 is already supported by the specification and does not require further specification effort. Moreover, Option 2 is associated with some unnecessary challenges. First, it would involve unnecessary dynamic signaling overhead for doubtful gains. Second, introducing further restrictions by help of TDD-UL-DL-ConfigDedicated and DCI format 2_0 would result in restrictions in the scheduling of the UE and is not desirable. As previously discussed in Sec. 0, a natural consequence of agreeing to Option 1 would be that for a SBFD capable UE, tdd-UL-DL-ConfigurationDedicated [TS 38.213, §11.1] is only valid for flexible symbols that are not configured as SBFD symbols. That is, the ambiguity arising from the flexible configuration is resolved by the SBFD configuration in SBFD symbols whereas it is still resolved by tdd-UL-DL-ConfigurationDedicated for non-SBFD symbols.
[bookmark: _Toc163235693][bookmark: _Toc163246023][bookmark: _Toc163247141]Ambiguity resolved by DCI format 2_0 cannot apply to SBFD symbols. Hence DCI 2_0 shall be disregarded in SBFD symbols.
[bookmark: _Toc163243894][bookmark: _Toc163246681][bookmark: _Toc163247161][bookmark: _Hlk162972344]UE direction is resolved by configured/scheduled operations, i.e., support Option 1. 
Collision handling
During RAN1#116 collision handling between DL and UL was discussed. Six cases as presented in the below agreement were identified. In this section we give our view on these cases.
	Agreement:
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.



Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
According to our understanding this case is covered by existing collision handling principles for regular NR UEs. For example, we have the following text in 38.213 §11:
	For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	If the UE does not indicate the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a PDCCH reception where the UE detects the DCI format; otherwise, the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined from clauses 9, 9.2.5 and 9.2.6 or clause 6.1 of [6, TS 38.214], or the PRACH transmission in the set of symbols.
-	If the UE indicates the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in symbols from the set of symbols that occur within  relative to a last symbol of a PDCCH reception where the UE detects the DCI format. The UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined from clauses 9, 9.2.5 and 9.2.6 or clause 6.1 of [6, TS 38.214], or the PRACH transmission in remaining symbols from the set of symbols.  
-	The UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur within  relative to a last symbol of a PDCCH reception where the UE detects the DCI format. The UE cancels the SRS transmission in remaining symbols from the subset of symbols. 
	 is the PUSCH preparation time for the corresponding UE processing capability [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise .



A similar rule also exists for HD-UEs in 38.213 §17.2:
	If a HD-UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH in a set of symbols and the UE detects a DCI format indicating to the HD-UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	the HD-UE does not expect to cancel the transmission of the PUCCH or PUSCH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a PDCCH reception where the HD-UE detects the DCI format; otherwise, the HD-UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined from clauses 9 and 9.2.5 or clause 6.1 of [6, TS 38.214].
-	the HD-UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur within  relative to a last symbol of a PDCCH reception where the HD-UE detects the DCI format. The HD-UE cancels the SRS transmission in remaining symbols from the subset of symbols. 
	 is the PUSCH preparation time for UE processing capability 1 [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH.



This was also recognized by others and thus the proposal below was captured in the FL summary [4]:
	Proposal 2-16 [4]
Proposed Agreement:
For collision Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission) in a SBFD symbol for SBFD-aware UEs, reuse the existing collision handling principles and timeline in NR for operation on a single carrier /single cell in unpaired spectrum.



In our view, the proposed agreement from R1-2401654 should be agreed.
[bookmark: _Toc163243895][bookmark: _Toc163246682][bookmark: _Toc163247162]RAN1 to agree to Proposal 2-16 in R1-2401654
Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission 
According to our understanding this case is covered by existing collision handling principles for regular NR UEs. For example, we have the following text in 38.213 §11:
	For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to receive a PDCCH, or a PDSCH, or a CSI-RS, or a DL PRS in a set of symbols of a slot, the UE receives the PDCCH, the PDSCH, the CSI-RS, or the DL PRS if the UE does not detect a DCI format that indicates to the UE to transmit a PUSCH, a PUCCH, a PRACH, or a SRS in at least one symbol of the set of symbols of the slot; otherwise, the UE does not receive the PDCCH, or the PDSCH, or the CSI-RS, or the DL PRS in the set of symbols of the slot.



A similar rule also exists for HD-UEs in 38.213 §17.2:
	If a HD-UE is configured by higher layers to receive a PDCCH, or PDSCH, or CSI-RS, or DL PRS in a set of symbols, the HD-UE receives the PDCCH, or PDSCH, or CSI-RS, or DL PRS if the HD-UE does not detect a DCI format that indicates to the HD-UE to transmit a PUSCH, or PUCCH, or PRACH, or SRS in at least one symbol of the set of symbols; otherwise, the HD-UE does not receive the PDCCH, or PDSCH, or CSI-RS, or DL PRS in the set of symbols. 



One remaining issue is if ULCI is supported for SBFD UEs and if so how to handle it. This was discussed in RAN1#116 and was captured by the following proposal in the FL summary [4]:
	Proposal 2-17 [4]
Proposed Agreement:
For collision Case 2 (semi-statically configured DL reception vs. dynamically scheduled UL transmission) in a SBFD symbol for SBFD-aware UEs, reuse the existing collision handling principles in NR for operation on a single carrier /single cell in unpaired spectrum.
· The semi-statically configured DL reception may include PDCCH (excluding ULCI), SPS PDSCH, CSI-RS or PRS. 
· FFS on PDCCH carrying ULCI, including whether or not it is supported by SBFD-aware UEs 
· The dynamically scheduled UL transmission may include PUSCH, PUCCH, SRS or PRACH triggered by PDCCH order



In our view, the proposed agreement from [4] is reasonable and we agree that the discussion about ULCI can be treated separately.
[bookmark: _Toc163243896][bookmark: _Toc163246683][bookmark: _Toc163247163]RAN1 to agree to Proposal 2-17 in R1-2401654
Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission
According to our understanding this case is covered by existing collision handling principles for regular NR UEs. For example, we have the following text in 38.213 §11:
	For a set of symbols of a slot that are indicated to a UE as flexible by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated if provided, the UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception by the UE in the set of symbols of the slot. 



A similar rule also exists for HD-UEs in 38.213 §17.2 (see below). The behaviour for transmission/reception configured using dedicated signaling is the same as for regular NR UEs, but when it comes to collisions between transmission configured using dedicated signaling and reception configured using cell specific signaling, there is an exception for Type-2-PDCCH CSS (paging) colliding with configured-grant based PUSCH transmissions for RRC_INACTIVE UEs.
	A HD-UE does not expect to receive both dedicated higher layer parameters configuring transmission in a set of symbols and dedicated higher layer parameters configuring reception in the set of symbols. A HD-UE does not expect to receive both a Type-0/0A/0B/1/2-PDCCH CSS set configuration for PDCCH reception in a set of symbols and dedicated higher layer parameters configuring transmission in the set of symbols, except Type-2-PDCCH CSS set configuration for PDCCH reception in a set of symbols and configured-grant based PUSCH transmission as described in clause 19.1 in the set of symbols for which case the UE follows the procedure as in clause 5.1B.2.6 in [10, TS 38.133]. The UE expects to be configured with a Type-2-PDCCH CSS set configuration for PDCCH reception such that there is at least one paging occasion that does not overlap with configured-grant based PUSCH transmission as described in clause 19.1 per SI modification period.



This was also recognized by others and thus the proposal below was captured in the FL summary [4]:
	Proposal 2-18 [4]
Proposed Agreement:
For collision Case 3 (semi-statically configured DL reception vs. semi-statically configured UL transmission) in a SBFD symbol for SBFD-aware UEs, discuss the following options.
Option 1 (error case): 
An SBFD-aware UE does not expect to receive both dedicated higher layer parameters configuring transmission in UL subband from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception in DL subband(s) in the set of symbols of the slot
An SBFD-aware UE does not expect to receive both dedicated higher layer parameters configuring transmission in UL subband from the UE in the set of symbols of the slot and cell specific higher layer parameters configuring reception in DL subband(s) in the set of symbols of the slot
Cell-specifically configured DL reception refers to PDCCH in Type-0/0A/1/2 CSS set
Option 2 (valid case): 
Option 2-1: An SBFD-aware UE is indicated by gNB whether to transmit in UL subband or to receive in DL subband(s) in the SBFD symbol
Option 2-2: An SBFD-aware UE transmits in UL subband or receive in DL subband(s) a physical channel/signal with higher priority in the SBFD symbol
Option 2-3: An SBFD-aware UE transmits in UL subband or receives in DL subband(s) in the SBFD symbol according to predefined rules
Other options are not precluded




In our view using the same rule as for regular NR UEs is the most reasonable. Thus, we support Option-1 in proposal 2-18 in [4].
[bookmark: _Toc163243897][bookmark: _Toc163246684][bookmark: _Toc163247164]RAN1 to agree to Option 1 in Proposal 2-18 in R1-2401654 
Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
For this case regular NR does not seem to have an explicit statement precluding dynamic scheduling in different directions, but because a TDD base station can only receive or transmit, hence such a statement is not needed.
For HD-UEs however, there is a statement in 38.213 §17.2:
	A HD-UE does not expect to detect a DCI format scheduling a reception in a set of symbols and detect a DCI format scheduling a transmission in any symbol from the set of symbols.



This was also recognized by others and thus the proposal below was captured in the FL summary [4]:
	Proposal 2-19  [4]
Proposed Agreement:
For collision Case 4 (dynamically scheduled DL reception vs. dynamically scheduled UL transmission) in a SBFD symbol for SBFD-aware UEs, discuss the following options.
· Option 1 (error case): 
· It is considered as an error case if a dynamically scheduled DL reception in DL subband(s) overlaps with a dynamically scheduled UL transmission in UL subband
· Option 2 (valid case): 
· Option 2-1: An SBFD-aware UE is indicated by gNB whether to transmit in UL subband or to receive in DL subband(s) in the SBFD symbol
· Option 2-2: An SBFD-aware UE transmits in UL subband or receives in DL subband(s) a physical channel/signal with higher priority in the SBFD symbol
· Option 2-3: An SBFD-aware UE transmits in UL subband or receives in DL subband(s) a physical channel/signal which is scheduled by a later DCI
· Other options are not precluded



In our view using the same rule as for HD-UEs is the most reasonable. Thus, we support Option-1 in proposal 2-19 in [4].
[bookmark: _Toc163243898][bookmark: _Toc163246685][bookmark: _Toc163247165]RAN1 to agree to Option 1 in Proposal 2-19 in R1-2401654 
Case 5: SSB vs. dynamically scheduled or configured UL transmission 
Even for Case 5, there seems to be no precedent in the spec. The FL proposed the following agreement:
	Proposal 2-20  [4]
Proposed Agreement:
SBFD subbands can be configured in SSB symbols.
· Note: It is SSB from serving cell perspective, which can be CD-SSB or NCD-SSB.
For collision Case 5 (configured SSB vs. dynamically scheduled or configured UL transmission) in a SBFD symbol for SBFD-aware UEs, discuss the following options.
· Option 1 (SBFD-aware UEs are not allowed to transmit UL in SSB symbols): 
· Re-use the existing collision handling principles for NR TDD that SSB is prioritized over configured UL transmission and dynamically scheduled UL transmission 
· Option 2 (SBFD-aware UEs are allowed to transmit UL within UL subband in SSB symbols):
· An SBFD-aware UE can transmit UL within UL subband in SSB symbols subject to some conditions
· FFS conditions
· Other options are not precluded




SSBs are typically transmitted every 20ms, at least for cells supporting initial access. If the existing collision handling rules are followed a considerable number of slots will be excluded from UL transmission, which will reduce the gains from SBFD especially if latency is of importance. Similar to Case 2 above, one could for example envision that dynamically scheduled UL transmissions have priority over SSB reception. Thus, we think Option 2 in Proposal 2-20 in [4] is a better option than Option 1.
[bookmark: _Toc163243899][bookmark: _Toc163246686][bookmark: _Toc163247166]RAN1 to agree to Option 2 in Proposal 2-20 in R1-2401654
We further observe that SS/PBCH blocks are not only used by the UE for various measurements on the serving cell, but also for RRM measurements on neighbor cells. Time domain resources for neighbor cell measurements are configured by so called SMTC windows. In addition, the UE can be configured with a bitmask (ssb-ToMeasure) indicating which SS/PBCH blocks to measure. According to 38.133, scheduling restrictions apply during the time when intra-frequency RRM measurements on SSB occur. These scheduling restrictions imply that the UE is not expected to transmit UL during, and just before/after symbols used for RRM measurements. If ssb-ToMeasure is not provided, the scheduling restrictions apply in the whole SMTC window (max 5ms).
If for example the SS/PBCH blocks are transmitted every 20ms, the number of slots where UL would be prohibited constitutes a considerable amount of time. Taking the worst case above, 5/20 = 25% of the slots would be affected. In addition, the claimed UL latency reductions from SBFD might be significantly reduced if a can UE experience up to 5ms in “UL outage”. In our view these aspects need to be considered when deciding if UL transmission is allowed in SSB symbols. Instead of simply allowing/disallowing UL in SSB symbols, we think it is preferable to have more configurability when it comes to the UE prioritization between UL transmissions and SSB reception to cater to different deployments.
Based on this we propose the following:
[bookmark: _Toc159244015][bookmark: _Toc163243900][bookmark: _Toc163246687][bookmark: _Toc163247167]If an SBFD symbol overlaps an SSB symbol used for RRM measurements, a UE shall/shall not transmit in the UL subband of this symbol depending on configuration. Example configurability is to (a) prioritize UL transmissions, or (b) prioritize SS/PBCH block reception.
Case 6: Dynamic or semi-static DL vs. valid RO
The standard NR rule is to prioritize ROs regardless of if the colliding DL is dynamically scheduled or semi-statically configured as the following text in 38.213 §11 states:
	For a set of symbols of a slot corresponding to a valid PRACH occasion and symbols before the valid PRACH occasion, as described in clause 8.1, the UE does not receive PDCCH, PDSCH, or CSI-RS in the slot if a reception would overlap with any symbol from the set of symbols.



For a half-duplex TDD base station this UE rule makes perfect sense because it can anyway not transmit DL while receiving PRACH. For a SBFD capable base station on the other hand, this rule would effectively mean that no UE would receive DL in symbols colliding with valid ROs and thus those DL resources will be wasted. 
HD-UEs have a similar issue and for those it was left to UE implementation if they receive the DL or transmit PRACH:
	If a HD-UE would transmit a PRACH or MsgA PUSCH triggered by higher layers in a set of symbols and would receive a PDCCH, or a PDSCH, or a CSI-RS, or a DL PRS, or is indicated presence of SS/PBCH blocks within the active DL BWP by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon or by NonCellDefiningSSB in symbols that include any symbol from the set of symbols, the HD-UE can select based on its implementation whether to either transmit the PRACH or the MsgA PUSCH or receive the PDSCH, or the CSI-RS, or the PL RS, or the PDCCH, or the SS/PBCH blocks. 



Leaving the prioritization for UE implementation has the drawback that there could be instances where the base station transmits DL, but the UE does not try to receive because it is transmitting PRACH. That said, we believe those cases should be rare and for that reason mandating an RO to always be prioritized is not justified. It should also be noted that it is only left for UE implementation in the case of PRACH triggered by higher layers. For PDCCH ordered PRACH, the UE would prioritize PRACH.
Another option could be to treat this case under Case 1 (dynamic DL) and Case 3 (semi-static DL). That said, due to the rather inflexible PRACH configuration, we think it could be hard to guarantee that semi-static DL would not overlap with valid ROs. Even if Case 1 in principle could be applied, we see a risk that such behaviour could affect RACH MAC procedures. 
In our view, the best option is if the UE prioritizes valid ROs when it would transmit PRACH and receives DL otherwise. That is somewhat of a compromise between the regular NR behaviour (DL not received) and the HD-UE behaviour (up to UE implementation). Based on the above discussion we make the following proposal:
[bookmark: _Toc163243901][bookmark: _Toc163246688][bookmark: _Toc163247168]The UE prioritizes valid ROs when it would transmit PRACH, otherwise it receives the DL.
Physical channels/signals
Physical channel/signal across SBFD and non-SBFD symbols in same slot

	Proposal 2-2 [4]
Proposed Agreement: 
For a physical channel/signal with transmission/reception occasion mapped to SBFD and non-SBFD symbols within a slot, SBFD aware UE does not transmit or receive the physical channel/signal within the slot.



As mentioned in Section 2.1.1, it has been agreed that one set of consecutive symbols are configured as SBFD symbols in a TDD pattern period. The transition points can be aligned with slot boundary or within a slot. Therefore, a slot can consist of several legacy DL or UL symbols and a set of consecutive SBFD symbols if a transition point between non-SBFD and SBFD symbols is scheduled within the slot. Moreover, a guard period between non-SBFD and SBFD symbols is anticipated, to allow system reconfiguration in the gNB and timing compensation for propagation delay. If a UE is scheduled or configured to transmit/receive a physical channel/signal in such a slot with mixed type of symbols, it needs to be discussed that whether the channel/signal can be transmitted across SBFD and non-SBFD symbols.
[image: ]
[bookmark: _Ref159242307]Figure 4: PDSCH transmission across DL and SBFD symbols.
Figure 4 demonstrates a slot where a switching from DL symbols to SBFD symbols occurs wherein OFDM symbol 4 is reserved as switching gap. Now let’s consider a PDSCH allocation consists of a set of DL symbols (OFDM 2-3) and SBFD symbols (OFDM 5-13) as shown in the figure.
First of all, there ought to be a mechanism to indicate to the UE different FDRA and VRB-to-PRB mapping in the DL and the SBFD symbols due to the different DL resource availability in the different symbols. This is similar to the problem discussed in Section 3.2 for PDSCH/PUSCH repetition across symbols of different types. Furthermore, due to the presence of the switching gap between the DL and SBFD OFDM symbols, gNB might not be able to maintain phase continuity throughout the PDSCH transmission, and hence separate DMRS needs to be provided for each part of the transmission to support separate channel estimation at the UE receiver. From performance perspective, considering reduced channel estimation samples for channel demodulation, different interference in different OFDM symbols and more complicated link adaptation situation, PDSCH performance degradation can be expected.
The issues mentioned above are also valid for PUSCH transmission across SBFD and UL symbols in a slot. Moreover, UL transmission is expected to be more vulnerable to increased CLI in SBFD symbols and hence separate power control parameters should be used in SBFD and UL symbols. It would be very difficult, if not impossible, for UE transmitter to configure different UL transmission power within a slot on a symbol basis.
By considering all these standardization and implementation complexities and negative impact on performance, we don’t think transmissions across SBFD symbols and non-SBFD symbols within a slot should be supported.
There are two exceptions that are brought-up for discussion: one is RACH Msg1 transmission and the other is PUSCH repetition Type B across SBFD and non-SBFD symbols. In our view, RACH Msg1 should be discussed in agenda item 9.3.2. In the following we present an analysis on PUSCH repetition Type B.
In PUSCH repetition Type B in the existing specifications, a set of PUSCH "nominal repetitions" are partitioned to a set of "actual repetitions" with splitting at slot boundaries (i.e., no cross slot boundary coherent demodulation is supported). For SBFD, some companies propose that if an “actual repetition” consists of both SBFD and non-SBFD symbols, a further split of the repetition should be done (at the boundary between SBFD and non-SBFD symbols). In Figure 5 an example is demonstrated for PUSCH repetition Type B in a SBFD carrier. The PUSCH repetition is indicated with S = 7, L = 14 and number of nominal repetitions is 2. Nominal repetition 0 is segmented into actual repetition 0 and 1 at the first slot boundary, and Nominal repetition 1 is segmented into actual repetition 2, 3, and 4 at the SBFD to UL symbol transition as well as at the second slot boundary. Different FDRA, beam index and power control might need to be applied to the two different sets of actual repetitions (i.e., actual repetition 0, 1, and 2 in SBFD symbols and actual repetition 3, 4 in UL symbols).
[image: ]
[bookmark: _Ref163031819]Figure 5 PUSCH Repetition Type B across SBFD and non-SBFD symbols

From the above example, one can see that if PUSCH repetitions are further segmented around the transition between SBFD and UL symbols, then larger DMRS overhead would be required due to lack of phase coherency across the transition (see analogous discussion above in the case of DL). Moreover, such a design would require  significant standardization complexity and a significant increase in and implementation complexity. For this reason, we do not support enhancements to PUSCH repetition Type B for the case that a nominal repetition spans both SBFD and non-SBFD symbols. 
[bookmark: _Toc163246689][bookmark: _Toc163243902][bookmark: _Toc163247169]Physical channels/signals with transmission/reception occasion mapped to SBFD and non-SBFD symbols within a slot are not supported.
[bookmark: _Toc163243903][bookmark: _Toc163246690][bookmark: _Toc163247170]Note: PRACH should be separately discussed in the 9.3.2 agenda item.

Physical channel/signal across SBFD and non-SBFD symbols in multiple slots
	Proposal 2-3 [4]
Proposed Agreement:
For physical channels/signals 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, the transmissions/receptions can be in SBFD symbols and non-SBFD symbols.
· FFS physical channels/signals across SBFD symbols and non-SBFD symbols in a same slot, where each transmission/reception occasion has either all SBFD or all non-SBFD symbols



In SBFD operation some symbols are configured semi-statically as SBFD, where the carrier is partitioned into multiple DL and UL subbands, while some other symbols remain as DL or UL as in legacy TDD operation. The problem arises that, for UL or DL transmissions that involve multiple slots, whether it is allowed to map the transmissions across SBFD symbols and non-SBFD symbols in different slots. In the Rel-18 study item on SBFD the problem was delved, and two alternative solutions were summarized in the technical report. Option 1 restricts multi-slot transmissions to either on SBFD slot only or on non-SBFD slot only, while Option 2 allows multi-slot transmissions to be on both SBFD and non-SBFD slots. In this section we will present further discussion on these options for different multi-slot transmissions. In the following discussion in this section, for a multi-slot transmission, the channel allocation within a slot is restricted to either SBFD or non-SBFD symbols, while the issues for channel allocation involving both SBFD and non-SBFD symbols within a slot has already been addressed in the previous section.
Restricting multi-slot transmission to either SBFD or non-SBFD symbols in multiple slots
Specifying enhancements for multi-slot transmission in SBFD operation needs to evaluate the trade-off between standardization and implementation complexities and the benefit they bring in. In our view, restricting multi-slot transmission to either SBFD or non-SBFD slots can be supported with least specification effort.
In the current specifications, PDSCH (dynamic and SPS), PUSCH (dynamic, CG and TBoMS) and PUCCH repetitions across multiple slots are restricted to the same slot type (i.e., either DL or UL slots). In SBFD operation where DL/UL transmissions can also be done in DL/UL subbands in legacy DL or Flexible slots, the existing rules can be updated to further restrict PDSCH, PUSCH or PUCCH multiple slot transmissions to either SBFD or non-SBFD slots.
· Current NR TDD UEs support processing one unicast DL scheduling DCI and two unicast UL scheduling DCIs per slot per scheduling CC. It’s possible to use one UL scheduling DCI for PUSCH repetitions over SBFD slots and the other for PUSCH repetitions over non-SBFD slots. For DL, SBFD-capable UE can be specified to support two unicast DL scheduling DCIs per slot. It is anticipated that transmission occasions for two active DL or UL multi-slot transmissions can interleaved in time, which does not happen with the current specs.
· The same time domain and frequency domain resource assignment can be used across the slots with the same type (i.e., SBFD or non-SBFD slots).
· In case it becomes too few transmission opportunities for a multi-slot transmission due to the restrictions to the same slot type, the maximum repetition number can be increased and/or the mechanism of available slot counting for PUSCH Repetition Type A introduced in Rel-17 can be used.
Multi-PDSCH and multi-PUSCH scheduling in Rel-17 supports indicating scheduling delay (K0/K2) for every PDSCH/PUSCH scheduled by a single DCI. By selecting proper K0/K2 values it is already possible to restrict scheduling multiple PDSCH/PUSCH transmissions only in SBFD or non-SBFD slots.
For periodic transmission of CSI-RS, SRS and PUCCH, restricting transmissions to either SBFD or non-SBFD slots can be achieved by configuring the periodicity in synchronous with the existing TDD patterns.

[bookmark: _Hlk158621721][bookmark: _Toc158951487][bookmark: _Toc163235694][bookmark: _Toc163246024][bookmark: _Toc163247142]Restricting multi-slot transmissions to either in SBFD slot or non-SBFD slot (i.e., Option 1) can be supported with least specification impact.
Restricting multi-slot transmissions to either in SBFD slot or non-SBFD slot also simplifies link adaptation and power control (for PUSCH and PUCCH). The channel condition in SBFD and non-SBFD slots can be expected to be significantly different mainly due to different CLI situations and different antenna configurations. Link adaptation and power control might become much more difficult if repetitions of a TB (in case of repetition) or multiple PDSCHs/PUSCHs scheduled by a single DCI (in case of multi-PDSCH/PUSCH scheduling) are transmitted in different types of slots. Restricting multi-slot transmission to slots of the same type can avoid this problem.
[bookmark: _Toc158951488][bookmark: _Toc163235695][bookmark: _Toc163246025][bookmark: _Toc163247143]Restricting multi-slot transmissions to either in SBFD slot or in non-SBFD slot can simplify link adaptation and power control (for PUSCH and PUCCH).
[bookmark: _Toc163243905][bookmark: _Toc163246691][bookmark: _Toc163247171]Restricting multi-slot transmissions to either in SBFD or non-SBFD slot should be supported.

Allowing multi-slot transmission on both SBFD and non-SBFD symbols in multiple slots
DL/UL resource available for physical channel or signal transmission in the DL/UL subbands in a SBFD slot is different compared to a legacy DL/UL slot. If a multi-slot transmission can be allowed across SBFD and non-SBFD slots, it needs to be specified that how resource assignment and beam indication should be done in different types of slots. Furthermore, for PUSCH/PUCCH repetition across SBFD and non-SBFD slots, if frequency hopping is enabled, the frequency range for hopping is also different in different type of slots. In general we make the following observations on the specification impact if this feature of multi-slot transmission across SBFD and non-SBFD slots is to be supported. More detailed discussion on supporting multi-slot transmission across SBFD and non-SBFD slots for each type of physical channel/signal will be provided in the respective sections in this paper.
[bookmark: _Hlk158210371][bookmark: _Toc158951489][bookmark: _Toc163235696][bookmark: _Toc163246026][bookmark: _Toc163247144]Allowing multi-slot transmission across SBFD and non-SBFD symbols in multiple slots requires specification updates to specify different resource allocation, beam indication, power control and frequency hopping for different type of symbols.
In general, we believe that allowing physical channels/signals transmission across SBFD and non-SBFD symbols in multiple slots requires much more significant specification updates. It is beneficial to provide the configuration flexibility by introducing some cell-specific or UE-specific RRC parameter/flag.
[bookmark: _Toc163243906][bookmark: _Toc163246692][bookmark: _Toc163247172]Allowing physical channels/signals transmission across SBFD and non-SBFD symbols in multiple slots requires much more significant specification updates compared to the other option of restricting them to either SBFD or non-SBFD symbols. Therefore, it is beneficial to have the configuration flexibility between both options if supported. 

UL power control configurations in SBFD and non-SBFD symbols

	Proposal 2-14 [4]
Proposed Agreement:
· Support separate UL power control on SBFD symbols and non-SBFD symbols. 
· FFS transmissions across SBFD symbols and non-SBFD symbols.



In Full Duplex systems the interference level during UL reception can differ significantly between SBFD symbols and non-SBFD symbols. There are multiple sources of interference. For non-SBFD symbols interference comes from other UE’s UL transmissions. For SBFD slots, in addition to the interference from other UE’s UL transmissions, there can be interference from gNB transmissions in DL. This interference can be from the same cell (self-interference), from other cells of the same network in the same site location (inter-sector interference) or from other cells in other locations (inter-site interference). In addition, other network’s cells can also generate interference.
In traditional TDD or FDD systems the interference conditions on all symbols are typically similar, thus using the same UL power in all symbols is sufficient in most cases. However, in SBFD systems as discussed above, interference conditions can vary considerably between symbols. 
There are two interference cases, one where the interference is unknown and one where the interference is (at least partly) known.
Unknown Interference
It is expected that the interference level in general will be higher in SBFD symbols than in UL symbols. Exactly when this interference will occur is in general unknown to the gNB because it depends on DL transmissions from other cells. To compensate for this kind of interference, at least partly, it could be beneficial to configure the UE with a different set of static open loop power control parameters, for example alpha and P0_PUSCH in the (simplified) equation from 38.213 below:


One further optimization that could be considered is to keep closed loop adjustments f separated for SBFD and UL symbols, as illustrated in the (simplified) equation from 38.213 below:




Known Interference
At least for self-interference the receiving gNB is aware that the interference level will be higher because it is caused by its own DL transmission. For such cases it could be considered to introduce more dynamic mechanisms for example by adding an additional offset g that is signaled in the scheduling DCI, as illustrated in the (simplified) equation from 38.213 below:



One additional thing to keep in mind is that UL power control is a complex area with dependencies also to for example RAN4. The RAN1 specification in 38.213 consists of 13 pages alone. Thus, our view is that RAN1 should spend some more time to study different options and their implications before agreeing on if it should be supported or not.
[bookmark: _Toc163235697][bookmark: _Toc163246027][bookmark: _Toc163247145]Supporting separate UL power control for SBFD and non-SBFD symbols could be beneficial, but UL power control is a complex area with dependencies also to RAN4.
[bookmark: _Toc134802286][bookmark: _Toc163243907][bookmark: _Toc163246693][bookmark: _Toc163247173]For SRS, PUCCH and PUSCH continue to study different UL power adjustment in SBFD vs. non-SBFD symbols. It can be further discussed how to signal this to the UE, e.g., by different configured power control parameters and/or different TPC commands.

Beam/Spatial relation in SBFD and non-SBFD symbols

	Proposal 2-15 [4]
Proposed Agreement:
· Support separate beam/spatial relation on SBFD symbols and non-SBFD symbols. 
· FFS transmission/reception across SBFD symbols and non-SBFD symbols.




To reach the conclusion of whether supporting separate beam/spatial relation on SBFD symbols and non-SBFD symbols or not, we believe that RAN1 shall discuss multiple aspects in this context. First, if we consider conventual deployment with single TRP serving the UEs in a cell, it is not necessary to have different spatial directions to be used by the UE even if there exits gNB-to-gNB CLI. We don’t really see the benefits of having a different spatial relation in this case given that there exists only one serving point.
Next, it is also important to consider the time scales that spatial relations are configured in the legacy, and the time scale the gNB-to-gNB CLI is changing. For instance, if a specific channel spatial relation is configured in RRC (that is semi-static) which is configured over larger timescales while the CLI changes dynamically over relatively smaller timescales, then we don’t see the relevance of configuring separate spatial relations across SBFD and non-SBFD symbols.
Additionally, it is also necessary to consider which reference signals are used by the gNB to configure the spatial/beam relation while investigating the necessity for separate beam/spatial relation on SBFD symbols and non-SBFD symbols. One should discuss separately the case of gNB utilizing the CSI-RS/SSB transmitted in the DL as the spatial relation and the case of utilizing the SRS transmitted in the UL as the spatial relation. If downlink reference signals are used by the gNB, there is no impact of the gNB-gNB CLI in the UE measurements done across SBFD symbols and in the regular DL symbols. The only additional interference present during the UE measurements in the SBFD symbols is the UE-to-UE CLI, which does not affect the transmission direction to be used by the UE in the uplink. Hence, if a DL signal is used as spatial relation, we don’t see how the gNB would learn that potentially different spatial relations should be used for SBFD vs. non-SBFD symbols. In the case of uplink reference signals are used by the gNB for configuring the spatial relations, gNB-gNB interference may or may not be present on the SBFD symbols during the instance of SRS measurements performed by the gNB, subject to the scheduling. Overall, the situations for the necessity of having separate spatial/beam relations on SBFD and non-SBFD symbols are very limited.

[bookmark: _Toc163243908][bookmark: _Toc163246694][bookmark: _Toc163247174]In the context of separate beam/spatial relation on SBFD symbols and non-SBFD symbols, RAN1 should discuss aspects such as single TRP vs. multi-TRP deployments, relevant time scales for indicating spatial relations relative vs. the time scale on which gNB-gNB CLI varies, as well as DL vs. UL reference signals used by the gNB to configure the spatial/beam relations. RAN1 should also discuss PUCCH, PUSCH, and SRS separately since the mechanism for configuring spatial relations can be different in different cases.
[bookmark: _Toc163235698][bookmark: _Toc163246028][bookmark: _Toc163247146]The situations for the necessity of having separate spatial/beam relations on SBFD and non-SBFD symbols are very limited.
We don’t think it is efficient to directly agree first such a broad proposal of “Support separate beam/spatial relation on SBFD symbols and non-SBFD symbols” and then discussing the corresponding enhancement later. Instead, it is better to discuss and resolve the issues in the above proposal first.
As one last point, although written in the WID, we don’t understand what is the meaning of “beam relation” vs. “spatial relation.” While spatial relation is a normative term in 3GPP specifications, “beam relation” is not. We suggest that the discussion focuses only on “spatial relation,” to avoid any confusion.

[bookmark: _Toc163235699][bookmark: _Toc163246029][bookmark: _Toc163247147]“Beam relation” does not appear to be a normative term in 3GPP specifications.

PDCCH

In the previous meeting the below conclusion was proposed by the FL on PDCCH enhancement in SBFD operation.
	Proposal 2-5a [4]
Proposed Conclusion:
For PDCCH, consider the following options for SBFD-aware UEs.
· Option 1: No enhancements for SBFD operation in Rel-19.
· Option 2: If MOs of the search space occur in both SBFD and non-SBFD symbols and the associated CORESET overlaps the boundary of a DL subband in SBFD symbols, UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).



The proposal tries to address potential enhancements for PDCCH monitoring in a SBFD carrier for SBFD-aware UEs. 
First of all, we need to understand what can be done with the existing specifications to support SBFD operation in a carrier. According to the existing specifications, PDCCH MOs are periodic, with frequency domain allocation specified in the associated CORESET and time locations determined by the periodicity, offset, and duration configured for the search space. By appropriate configuration of the periodicity, offset, and duration for a search space, it is possible to avoid the situation where the MOs occur in both SBFD and non-SBFD slots if that is preferrable.
In the current specification CORESET0 comprises a number of consecutive resource blocks in a number of consecutive symbols as specified in TS 38.213 Clause 13. For backward compatibility purpose, in a SBFD carrier, CORESET0 can be configured with the following two options:
· Option 1, frequency domain resource for CORESET0 is confined within a DL subband.
· Option 2, all PDCCH MOs associated with CORESET0 are mapped to non-SBFD symbols.
Both options can be supported with the existing specifications.
In the current specification other CORESETs than CORESET0 are configured in frequency domain in a bitmap with a granularity of 6 RBs, allowing intermittent configuration around an UL subband in a SBFD carrier. More specifically, non-contiguous frequency domain resource allocation for a CORESET provides significant flexibility to avoid the CORESET overlapping with an UL subband by appropriate configuration of the bitmap freqDomainResources to ensure that groups of 6 RBs are fully contained within a DL subband. As the configuration of multiple search spaces and multiple CORESETs is supported, it is also possible to have one CORESET/search space combination that is tailored for SBFD symbols and another that is tailored for non-SBFD symbols.
Since the existing spec is already very flexible and the required efforts to make any type of enhancements to PDCCH at this point are significant, our strong preference is to avoid going down the road of PDCCH enhancement to avoid such major spec effort.
In the proposed agreement, Option 2 addresses the situation where some PDCCH candidates are mapped to one or more REs that overlap with REs outside DL subband. In our view, this situation can be avoided by proper CORESET and search space configuration given all the PDCCH configuration flexibilities as mentioned above. In the worst case, if such a situation does occur, SBFD-aware UEs can skip evaluating such PDCCH candidates while legacy UEs will still have to monitor all PDCCH candidates. In our view this is sufficient to support SBFD operation. Further PDCCH enhancement should not be pursued.
[bookmark: _Toc163243909][bookmark: _Toc163246695][bookmark: _Toc163247175]The existing specifications for CORESET and search space configuration are sufficiently flexible to support SBFD operation. It is not recommended to pursue further PDCCH enhancements other than facilitating SBFD-aware UEs to skip evaluating such PDCCH candidates mapped to one or more REs that overlap with REs outside DL subband(s).
PDSCH
RA Type 0

For DL Resource Allocation Type 0, the resource block assignment includes a bitmap indicating the RBGs that are allocated to the scheduled UE where a RBG is a set of consecutive VRBs.
According to the current specifications, the size of the RBG allocation bitmap, NRBG, is given by the downlink bandwidth part (DL BWP) size in VRBs and the number of VRBs per RBG, so that all RBGs in the DL BWP are addressable, including those that completely fall into the UL subbands and the guard-bands according to the SBFD configuration. The BS may then simply not allocate in the bitmap the RBGs in the invalid positions to any UE. In this case the VRB to PRB mapping rule specified in Rel-15 (non-interleaving mapping) can be reused in transparent manner to the legacy UEs.
[bookmark: _Toc163243910][bookmark: _Toc163246696][bookmark: _Toc163247176]RA Type 0 can be directly applied to SBFD. UEs are not expected to be allocated with RBGs that are not in the DL subband(s) in a SBFD symbol.

	Proposal 2-12a [4]
Proposed Agreement:
RBG size for RA type 0 in SBFD symbols is determined based on one of the following options.
· Option 1: RBG sizes for UE effective DL subband(s) and UL subband are determined based on the sizes of DL BWP and UL BWP respectively
· Option 2: RBG sizes for UE effective DL subband(s) and UL subband are determined based on the sizes of UE effective DL subband(s) and UL subband respectively


During the last meeting the following agreement was proposed by the FL regarding DL RA Type 0:

The above proposed agreement aims to optimize DL/UL RBG size considering different number of DL/UL RBs in SBFD and non-SBFD symbols. In Option 1 the same DL/UL RBG size based on the size of the DL/UL BWP is used in SBFD and non-SBFD symbols while in Option 2 the DL/UL RBG size is determined based on the number of available DL/UL RBs in each type of symbols.
We admit that Option 2 can provide smaller RBG size in some scenarios which implies better frequency resource allocation granularity, but it is unclear to us whether such ‘advantage’ is beneficial in reality. Moreover, Option 2 doesn’t always provide smaller RBG size, especially in the DL. According to Table 5.1.2.2.1-1 and 6.1.2.2.1-1 in TS38.214, the RBG size reduces only if the BWP size is reduced by more than half. That is, unless the DL/UL subband allocation is less than 50% of the BWP size, otherwise Option 2 give the same RBG size as Option 1. Consider the same DL BWP example mentioned above. The DL subbands are designated with 212 RBs in the DL BWP of 272 RBs. According to the nominal RBG size table the RBG size is 16 for both SBFD symbol and non-SBFD symbol. In this scenario Option 2 doesn’t bring any advantage over Option 1.
Option 2 can provide smaller RBG size in some scenarios, typically in the UL, which implies better frequency resource allocation granularity, but it is unclear to us whether such ‘advantage’ is really beneficial in reality. Meanwhile, for the UL it is more motivated to used RA Type 1 which provides contiguous RB allocation with singularity as small as 1 RB.
Option 2 requires larger specification impact compared to Option 1. For multi-slot transmission, repetition within a slot (such as PDSCH repetition with tdmSchemeA) or configured transmission, with Option 2, frequency resource allocation can become quite complicated. If PDSCH transmission across SBFD and non-SBFD symbols within a slot is supported, with Option 2, frequency resource allocation can also become very complicated. With Option 2, it becomes difficult for gNB to schedule SBFD-aware UEs and legacy UEs in the same slot (in DL/UL subbands) because of different RBG sizes.
[bookmark: _Toc163243911][bookmark: _Toc163246697][bookmark: _Toc163247177]For proposed agreement on RBG size for RA type 0 in SBFD symbols, adopt Option 1 (i.e., RBG sizes for UE effective DL subband(s) and UL subband are determined based on the sizes of DL BWP and UL BWP respectively).

RA Type 1
	Proposal 2-4a [4]
Proposed Agreement:
Support [/Study] enhancement on PDSCH frequency domain RA type 1 at least for the following cases.
· PDSCH RA type 1 across two DL subbands in SBFD symbols with non-interleaved VRB-to-PRB mapping 
· PDSCH RA type 1 with PRBs overlapping with RBs outside DL subband(s) with interleaved VRB-to-PRB mapping.



For PDSCH Resource Allocation Type 1, the frequency resource allocation indicates through RIV (resource indication value) a range of consecutive RBs, which can span one or more DL subbands in SBFD symbols, and some of the RBs can fall into UL subband or guard-bands. For Release 18 and older UEs, PDSCH frequency resource allocation across multiple DL subbands cannot be supported. For Release 19 and onwards UEs, PDSCH RA type 1 FDRA can be enhanced to support FDRA across two DL subbands. Many companies provided input in the last meeting on the enhancements of PDSCH RA Type 1. The following options were summarized by the FL.
	Enhancements for PDSCH RA type 1 FDRA across two DL subbands
· Option 1: Rate matching is performed for PDSCH, including its DM-RS, around the UL subband and guardband(s) if any.
· Option 2: New RB indexing within RBs in DL subbands only, and legacy VRB-to-PRB mapping is used 
· Option 3: Legacy RB indexing, and modified interleaver for VRB-to-PRB mapping 
· Option 4: Legacy RB indexing, and modified VRB-to-PRB mapping rule such that one VRB bundle is mapped to two PRB bundles to allow “mirror image” FDRA
· Option 5: wrapped-around index to ensure allocated PRB within DL subbands
· Option 6: Enhancing the frequency resource indication method



Option 1 suggests that if PDSCH type 1 FDRA includes RBs mapped to UL subband or guard-bands, rate-matching should be performed around these RBs. In our view this is not a proper solution. In the current specification the PDSCH Transport Block Size (TBS) is determined based on the RB allocation before rate-matching is evaluated. If too many RBs are not usable (because they fall outside of the DL subbands in SBFD symbols), rate-matching around these unusable RBs will significantly reduce the number of REs for the PDSCH transmission and hence results in too high code-rate, unless the legacy TBS determination is changed. 
[bookmark: _Toc163235700][bookmark: _Toc163246030][bookmark: _Toc163247148]For enhancement on PDSCH RA type 1 FDRA across two DL subbands, PDSCH rate-matching around UL subband and guardband(s) (Option 1) can significantly reduce the number of usable REs and result in too high code-rate.
Therefore, in the following discussion we mainly focus on Option 2 and Option 3, for both non-interleaved and interleaved VRB-to-PRB mapping. The other options (Option 4, 5 and 6) require more significant specification changes and should be down-prioritized.
Non-interleaved VRB-to-PRB mapping
Option 2
For the case where non-interleaved VRB-to-PRB mapping is configured, the legacy RB space in SBFD symbols can be reduced by excluding RBs that falls into UL subband and guard-band(s). In VRB-to-PRB mapping, for a SBFD-aware UE, an RB with index smaller than the size of the first DL subband should be mapped to the first DL subband; an RB with index larger than the size of the first DL subband should be mapped to the second DL subband.
	For 

If  
		 
End
End
where  is the number of allocated VRBs,   is the size of DL subband i (i = 1,2) and offset is the block shift determined as  ( and  are the size of UL subband and guard-band in number of RBs respectively).
For example, let’s assume a DL BWP consisting of 272 RBs, of which 216 are allocated to 2 DL subbands, 48 to an UL subband and 8 to guard-bands, following a D-U-D SBFD configuration: 108-4-48-4-108 (in RBs). In this option, the RIV rule is modified so that the VRB range is the number of RBs in the DL subbands, equivalent to 216 VRBs. Let’s assume RA Type 1 is configured and the RIV indicates a set of contiguous non-interleaved VRB with start VRB 0 and a length of 136 VRBs. Receiving this RIV and being aware of the SBFD configuration, the UE can derive that PDSCH is mapped to PRBs 0, …, 107 in the first DL subband, and since 136>108, it has to apply a block-wise shift of 56 (the size of UL subband and guard-bands), and in the second DL subband the allocated PRBs are 164, …, 191.
[image: ]
Figure 6: Example of enhancement for RA Type 1 with non-interleaved VRB-to-PRB mapping (Option 2)
The solution described above corresponds Option 2 in FL’s summary. In our view, this solution provides a simple approach for VRB-to-PRB mapping in SBFD symbols while requires minimum specification changes. The legacy mapping rule can be mostly reused.

Option 3
In an alternative solution, the legacy RB space and indexing (0, …, ) can be maintained even in SBFD symbols, where  is the number of PRBs in the active DL BWP. A SBFD-aware UE first identifies that the VRBs that fall into the UL subband or guard-band(s) after the VRB-to-PRB are invalid and not used for PDSCH data mapping. Then the legacy VRB-to-PRB mapping rule is applied to the valid RBs indicated by the resource assignment. It is noted that the invalid RBs should be excluded in the TBS determination for the PDSCH transmission.
	For 
 
If  and 
		
End
End
where  is the number of allocated VRBs,   is the size of DL subband i (i = 1,2) and offset is the block shift determined as  ( and  are the size of UL subband and guard-band in number of RBs respectively).
Let’s assume the same DL BWP configuration and the same SBFD configuration as in the previous example. RA Type 1 is configured and the RIV indicates a set of contiguous non-interleaved VRB with start VRB 0 and a length of 192 VRBs (including the VRBs in the UL subband and the guard-bands). Receiving this RIV and being aware of the SBFD configuration, the UE can derive that PDSCH is mapped to PRBs 0, …, 107, 164, …, 191. VRBs from 108 to 163 fall into the UL subband and the guard-bands according to the SBFD configuration and are therefore considered as invalid.

[image: ]
Figure 7: Example of enhancement for RA Type 1 with non-interleaved VRB-to-PRB mapping (Option 3)
In our understanding this alternative corresponds to Option 3 in the FL’s summary. One benefit of this solution is that same RB indexing can be used in both SBFD and non-SBFD symbols. However, this solution requires UE to identify the invalid RBs in SBFD symbols, which increases the UE processing complexity especially for interleaved VRB-to-PRB mapping (see the next section).

Interleaved VRB-to-PRB mapping
Interleaved VRB-to-PRB mapping is supported for DL Resource Allocation Type 1 in the current specification. When SBFD is deployed, strict application of VRB-to-PRB mapping rule may end up with DL VRBs mapped to UL subband or guard-band PRBs. A simple solution may be to disable interleaving for SBFD operation. Alternatively, the current VRB indexing or VRB-to-PRB mapping rule can be adjusted so that VRBs are mapped to DL subbands and not to PRBs allocated to the UL subband and guard-bands. Option 2 and 3 in the FL’s summary for enhancement of RA Type 1 with interleaved VRB-to-PRB mapping are discussed in the following.
Option 2
In this solution the legacy RB space can be reduced in SBFD symbols by excluding RBs that falls into UL subband and guard-band(s). The legacy interleaved VRB-to-PRB mapping rule is applied to the set of contiguous VRBs in the resource allocation. If a resulting PRB index is larger than the size of the first DL subband, a block wise shift of the size of the UL subband and the guard-bands is applied to the PRB index. 
	For 
		
If  
		 
End
End
where  is the number of allocated VRBs,  is the size of DL subband i (i = 1,2) and offset is the block shift determined as  ( and  are the size of UL subband and guard-band in number of RBs respectively).  is the legacy interleaved VRB-to-PRB mapping function.
Considering the same example as in section 3.4.2.1, Figure 8 shows graphically this alternative.
[image: ]
[bookmark: _Ref163240216][bookmark: _Hlk163121846]Figure 8: Example of enhancement for RA Type 1 with interleaved VRB-to-PRB mapping (Option 2)

Option 3
In this solution the VRB-to-PRB mapping is applied to the bandwidth of the full DL BWP as in non-SBFD scenarios, which means that the interleaving is applied also to VRBs that will be mapped to PRBs in the UL subband and the guard bands. The UE, who is previously provided with the SBFD configuration, can identify the PRBs in UL subbands and guard bands as invalid and mask out the corresponding VRBs.
	For  
 
If  and 
		
End
End
where  is the number of allocated VRBs,   is the size of DL subband i (i = 1,2) and offset is the block shift determined as  ( and  are the size of UL subband and guard-band in number of RBs respectively).  is the legacy interleaved VRB-to-PRB mapping function.
Considering the same example as in section 3.4.2.1, Figure 9 shows graphically this alternative.
[image: ]
[bookmark: _Ref158988112]Figure 9: Example of enhancement for RA Type 1 with interleaved VRB-to-PRB mapping (Option 3)

It can be seen that both Option 2 and 3 can reuse the existing VRB-to-PRB mapping mechanisms. However, Option 3 requires UE to evaluate if a scheduled RB is valid or not. In this sense Option 2 is simpler. Based on the above discussion, we come to conclusion that Option 2 should be selected for enhancement of PDSCH RA Type 1 FDRA across two DL subbands in SBFD symbols.
[bookmark: _Toc163243912][bookmark: _Toc163246698][bookmark: _Toc163247178]In connected mode, support “New RB indexing within RBs in DL subbands only, and legacy VRB-to-PRB mapping is used” (i.e., Option 2 in the FL’s summary) for enhancements of PDSCH RA Type 1 FDRA across two DL subbands.

Precoding
For PDSCH transmission in NR, a UE may assume that the same precoding matrix is used across a set of contiguous allocated PRBs denoted as Precoding Resource Block Group (PRG). The size of PRG can be 2 or 4 PRBs, which is specified in the specification or indicated in RRC configuration ('staticBundling’) or indicated by the scheduling DCI (‘dynamicBundling’). The transmitter may use different precoder matrix for different parts of the transmission bandwidth, resulting in frequency selective precoding. Alternatively, PRG size can be indicated as ‘wideband’ in which case the UE can assume the PRB allocation is contiguous, and the same precoding matrix is used throughout the allocated resource associated with the same TCI state.
In principle the legacy PRG based frequency selective precoding concept can be reused for PDSCH transmission in the DL subband(s). With the partitioning of a carrier into multiple DL or UL subbands, the PRG at the edge of the DL subband(s) can overlap with the subband boundary. In this case, the PRBs in the DL PRG inside the DL subband can still be allocated to the UE.
[bookmark: _Toc159244020][bookmark: _Toc163243913][bookmark: _Toc163246699][bookmark: _Toc163247179]If PRG based precoding is configured for PDSCH, for a DL PRG that overlaps with subband boundary, the part of the DL PRB inside the DL subband can be used for PDSCH transmission.
As mentioned above, in the current specification wideband precoding can be used only if the PRB allocation is contiguous. In SBFD operation with SBFD configuration D-U-D, when PRB allocation is across two DL subbands, we think wideband precoding can still be used within each DL subband, as long as the PRB allocation in each DL subband is contiguous.
[bookmark: _Toc159244021][bookmark: _Toc163243914][bookmark: _Toc163246700][bookmark: _Toc163247180]If wideband precoding is configured for PDSCH, adopt option 1 in Section 6.1.2 in TR 38.858, i.e., non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated.

In the last meeting the following proposal was made by the FL:
	Proposal 2-7 [4]
Proposed Agreement:
If PRG is determined as wideband, non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated.
· SBFD-aware UE makes no assumption of same precoding across two DL subbands
· FFS conditions for wideband precoder determination when precoding bundling is determined dynamically.



[bookmark: _Hlk162386081]We are supportive to the above proposal.
Regarding the FFS, according to the current specification, for dynamic bundling, the gNB may indicate to the scheduled UE in the PDSCH scheduling DCI the first set of bundling size [image: ][image: ][image: ] (in number of consecutive RBs) which consists of two values (‘n2-wideband’ or ‘n4-wideband’), the bundling size is determined according to the following rule (TS38.214, Section 5.1.2.2.3):
If the scheduled PRBs are contiguous and the size of the scheduled PRBs is larger than [image: ][image: ][image: ][image: ][image: ], [image: ] is the same as the scheduled bandwidth, otherwise [image: ][image: ][image: ] is set to the remaining configured value of 2 or 4, respectively.
For a SBFD-aware UE, the rule can be slightly modified, so that if the frequency resource allocation is across two DL subbands and contiguous within each DL subband and the size of the scheduled PRBs is larger than [image: ][image: ][image: ], the bundling size is determined as wideband, for which the UE can assume the same precoding is used in each DL subband. In our view this is the general principle for PDSCH precoding when the bundling size is determined as ‘wideband’ and the frequency resource allocation is across two DL subbands in SBFD symbols.
[bookmark: _Toc163243915][bookmark: _Toc163246701][bookmark: _Toc163247181]RAN1 to confirm the proposed agreement from the last meeting on PDSCH precoding. Resolve the FFS in the proposed agreement about dynamic bundling by clarifying that same precoding is restricted to each DL subband if bundling size is determined to be ‘wideband’.

CSI-RS
In current specifications, a UE may be configured with multiple CSI-RS resources, where the frequency domain resource allocation of a CSI-RS is restricted to occupy a contiguous set of RBs, which is defined by a starting RB and a number of RBs that can be as small as 24 and as large as 276 in CSI-FrequencyOccupation. Each configured CSI-RS resource has an associated ID NZP-CSI-RS-ResourceId which has index space of 0, 1, …, 191. In many cases, multiple CSI-RS resources are configured as part of a CSI-RS resource set, and measurements are performed based on the resources in the set. A set is constructed by providing a list of CSI-RS resource IDs. Starting from two options discussed in TR 38.858, RAN1 mainly discussed option 2 that is based on one CSI-RS resource.  We inspect now different options discussed in the last meeting.
	Proposal 2-8a [4]
Proposed Agreement:
For the frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs, down-select from the following options.
· Option 2-1: One CSI-RS resource with non-contiguous resource allocation
· Option 2-2: One CSI-RS resource with contiguous resource allocation. Non-contiguous CSI-RS resource is derived by excluding frequency resources outside DL subband(s).
· Option 2-3: One contiguous CSI-RS resource allocation with contiguous CSI-RS resource derived by wrapping-around the frequency resources over the two DL subbands.



In Option 2-1, one CSI-RS resource is defined with non-contiguous frequency domain resource allocation (FDRA) rather than linking two resources as shown Figure 10. This could be achieved by defining two starting PRB indices and use the existing length indicator (in CSI-FrequencyOccupation) to enable equal number of CSI-RS PRBs in each DL subband. Alternatively, for even more flexibility, two starting PRB indices and two lengths could be defined, i.e., a second instance of the parameter CSI-FrequencyOccupation, which can be optional such that it is configured only for (Rel-19) SBFD-aware UEs. The second instance would provide second values of the starting RB and number of RBs corresponding to the second DL subband thus allowing the allocation of CSI-RS resources in the two non-contiguous DL subbands. Option 2-1 requires new RRC structure to facilitate the indication of non-contiguous RBs for one CSI-RS resource from the gNB to the UE.
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[bookmark: _Ref163118290]Figure 10: Illustration of one CSI-RS resource with non-contiguous frequency domain resource allocation.
In Option 2-2, one CSI-RS is configured with contiguous resource allocation as in current specifications, but the SBFD-aware UE derives the corresponding non-contiguous CSI-RS resource by excluding frequency resources outside DL subband (s) by leveraging the configuration of SBFD allocation. While this is transparent to the legacy UEs, the SBFD-aware UE interprets the RBs that intersect with the UL subband and the guardbands, if any, are not available for CSI-RS. Option 2-2 is beneficial in some situations, e.g., for periodic CSI-RS in the case that different instances occur in SBFD or non-SBFD symbol(s) in different slots.

As illustrated in [4], Option 2-3 is seen as Option 2-2, which is reproduced in Figure 11 for the discussion. 
[image: ]
[bookmark: _Ref163118826]Figure 11: Option 2-3 (Modified Option 2-2) for frequency resource allocation for a CSI-RS resource across two DL subbands for SBFD-aware UEs: One contiguous CSI-RS resource allocation with contiguous CSI-RS resource derived by wrapping-around the frequency resources over the two DL subbands.

Compared to Option 2-2 and its modified version, Option 2-1 is advantageous due to its flexible CSI-RS allocation within each DL subband, i.e., arbitrary start and length within each subband can be supported as well as the UE complexity point of view as pointed out by some companies in [4].
[bookmark: _Toc159243999][bookmark: _Toc163235701][bookmark: _Toc163246031][bookmark: _Toc163247149]Option 2-1 offers the most flexible CSI-RS resource allocation within the DL subband(s) and does not consume additional CSI-RS resources from the UE capability budget.

[bookmark: _Toc159244025][bookmark: _Toc163243916][bookmark: _Toc163246702][bookmark: _Toc163247182]For CSI-RS resource configuration, while both Options 2-1 and 2-2 are available under one CSI-RS resource configuration, Option 2-1 is preferred due to its flexibility and the minor specification impact. 

For CSI reporting, a UE can be configured via higher layer signaling with one out of two possible subband sizes, depending on the total number of PRBs in the bandwidth part. The reportFreqConfiguration contained in a CSI-ReportConfig indicates the frequency granularity of the CSI Report via the csi-ReportingBand as a contiguous or non-contiguous subset of subbands in the bandwidth part for which CSI shall be reported. This can be leveraged by the gNB to obtain the CSI corresponding to the two DL subbands that are non-contiguous from the UE.
[bookmark: _Toc159244000][bookmark: _Toc163235702][bookmark: _Toc163246032][bookmark: _Toc163247150]By explicitly configuring csi-ReportingBand in the reportFreqConfiguration, the gNB can request the UE to report the CSI for the contiguous or non-contiguous subset of subbands in the bandwidth part.
	From TR.38858:
For SBFD-aware UEs, the following options are studied for CSI report associated with periodic/semi-persistent CSI-RS, in case the periodicity is such that CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots (each CSI-RS resource within a slot has either all SBFD or all non-SBFD symbols):
-	Option 1: two CSI-ReportConfigs, where one is associated with SBFD symbols and the other is associated with non-SBFD symbols
-	Option 1-1: One CSI-ReportConfig is associated with a CSI-RS restricted to SBFD symbols only and the second CSI-ReportConfig is associated with a second CSI-RS restricted to non-SBFD symbols only;
-	Option 1-2: Both CSI-ReportConfigs are associated with the same CSI-RS. The CSI report associated with one CSI-ReportConfig is derived based on CSI-RS instances in SBFD symbols only. The CSI report associated with the second CSI-ReportConfig is derived based on CSI-RS instances in non-SBFD symbols only.
-	Option 2: one CSI-ReportConfig associated with both SBFD symbols and non-SBFD symbols
-	Option 2-1: One CSI-ReportConfig is associated with two CSI-RSs which are restricted to SBFD symbols and non-SBFD symbols respectively. Separate CSI measurements are derived based on the first and second CSI-RSs respectively.
-	Option 2-2: One CSI-ReportConfig is associated with one CSI-RS. The CSI report is derived based on CSI-RS which can be in SBFD symbols or non-SBFD symbols in different time instances.
Note that whether the CSI-RS resource can be used for SBFD and non-SBFD symbols may depend on, e.g., gNB implementation of same/different antenna configuration in both symbols.



We note from the above that, two of the options 1-1 and 2-2 can be supported based on the existing specifications. To facilitate Option 1-1, the gNB needs a) to ensure by appropriate configuration that  the CSI-RS associated with each CSI-ReportConfig is confined to either SBFD symbols or non-SBFD symbols only.
[bookmark: _Toc159244026][bookmark: _Toc163243917][bookmark: _Toc163246703][bookmark: _Toc163247183]For SBFD-aware UEs, consider to support option 1-1 and 2-2 for CSI report configuration.  

	Proposal 2-13a [4]
Proposed Agreement:
CSI reporting subband size is determined based on one of the following options.
· Option 1: CSI reporting subband size is determined based on the size of DL BWP
· Option 2: CSI reporting subband size is determined based on the size of UE effective DL subband(s).



[bookmark: _Toc163243918][bookmark: _Toc163246704][bookmark: _Toc163247184]As it is unclear to us the benefits of having different RBG size or CSI reporting subbands size in SBFD symbols and legacy symbols is unclear, Option 1 is preferred.
PUCCH

In TR 38.858 the following paragraph states that the following two options are considered for UL transmissions across SBFD symbols and non-SBFD symbols in different slots.
	[bookmark: _Hlk157416447]TR 38.858:
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), the following options are studied for SBFD-aware UEs:
-	Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
-	Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols



PUCCH transmissions are scheduled across multiple slots in two different situations, PUCCH repetitions over multiple slots and periodic/semi-persistent PUCCH. To have the backward compatibility, it is straightforward to let the legacy UEs transmit PUCCH only in non-SBFD slots, which can be handled by gNB scheduling.
[bookmark: _Toc159244027][bookmark: _Toc163235703][bookmark: _Toc163246033][bookmark: _Toc163247151]Legacy UEs, non-supportive of SBFD, can only transmit PUCCH in non-SBFD slots.
Each of the PUCCH resources can be associated with either SBFD slots or non-SBFD slots, but not both. With Option 1, only one slot type can be scheduled at a given time. Possible impacts of such splitting of PUCCH resources across both slot types are that it may take longer to convey all the repetitions of PUCCH and that time domain scheduling for periodic/semi-persistent PUCCH may become more complicated and spread out in time. The main advantage of supporting Option 1 is that it minimizes specification impact. By restricting multi-slot PUCCH transmissions to either SBFD or non-SBFD slots the current FDRA can be reused, and no specification changes are needed for PUCCH inter-slot frequency hopping. 
[bookmark: _Toc163243919][bookmark: _Toc163246705][bookmark: _Toc163247185]For PUCCH, support the option of restricting the transmissions/receptions to the same symbol type (SBFD only or non-SBFD only).
The limited availability of resource for PUCCH under Option 1 can be addressed by means of Option 2, whereby more slots become available for PUCCH transmissions compared to Option 1. However, one issue to be resolved for Option 2, if supported, is frequency domain scheduling, which currently only supports one set of parameters meaning that only the same frequency resources can be used in a multi-slot configuration across SBFB or non-SBFD slots, without discriminating the slot type. This can be solved by introducing a second set of scheduling parameters and associated scheduling rules. These associated scheduling rules also need to handle the special case of PUCCH inter-slot frequency hopping.
[bookmark: _Toc159244028][bookmark: _Toc163243920][bookmark: _Toc163246706][bookmark: _Toc163247186]Multi-slot PUCCH scheduling across SBFD and non-SBFD slots should be studied further.
PUCCH repetitions with inter-slot frequency hopping 
The resources used for PUCCH inter-slot frequency hopping are indicated by RRC parameters startingPRB and secondHopPRB. Which of these to use in a specific slot is determined by the slot repetition counter, even values use startingPRB and odd values use secondHopPRB, according to Figure 12.
[image: ]
[bookmark: _Ref156834463]Figure 12: Legacy resource indication and the slot repetition counter for PUCCH inter-slot frequency hopping.

If the same indication would be used in all slots for inter-slot frequency hopping the resources would be limited by the resources of the SBFD slots according to Figure 13 which would severely reduce the frequency hopping gain in non-SBFD slots.
[image: ]
[bookmark: _Ref156835105][bookmark: _Ref158801415]Figure 13: Undesirable PUCCH inter-slot frequency hopping resource allocation using same indication in all slots.
To improve the frequency hopping gain a second set of indication parameters, startingPRB2 and secondHopPRB2, can be defined which would make it possible to select resources differently in SBFD and non-SBFD slots, see Figure 14. Note that using a single slot repetition counter could prevent optimal frequency separation of resources across slots since both non-SBFD slot allocations in Figure 14 end up in the same resources, see slot repetitions 3 and 7.
[image: ]
[bookmark: _Ref156835564]Figure 14: PUCCH inter-slot frequency hopping resource allocation using a second set of indication parameters.
To improve on this, two slot counters can be used, one counting repetitions on SBFD slots and one counting repetitions on non-SBFD slots, this would ensure optimal frequency hopping allocation across slots, see Figure 15.
[image: ]
[bookmark: _Ref156836444]Figure 15: PUCCH inter-slot frequency hopping resource allocation using a second set of indication parameters and two slot counters.

[bookmark: _Toc163243921][bookmark: _Toc163246707][bookmark: _Toc163247187]Resources used for PUCCH inter-slot frequency hopping over a mix of SBFD and non-SBFD slots should be configured separately for SBFD slots and non-SBFD slots allowing for optimal frequency diversity.
[bookmark: _Toc163243922][bookmark: _Toc163246708][bookmark: _Toc163247188]Two slot counters, one for SBFD slots and one for non-SBFD slots, should be used for PUCCH inter-slot frequency hopping to ensure optimal frequency resource allocation across the slots.
PUSCH
In TR 38.858 the following paragraph states that the following two options are considered for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots.
	TR 38.858:
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), the following options are studied for SBFD-aware UEs:
-	Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
-	Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols
UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols include the following:
-	PDSCH/PUSCH/PUCCH repetitions
-	SPS PDSCH/CG PUSCH
-	TBoMS
-	Multi-PUSCH/PDSCH scheduled by a single DCI
-	Periodic/semi-persistent SRS/CSI-RS/PUCCH
-	PDCCH



Transmission across SBFD symbols and non-SBFD symbols in different slots

In the following, we discuss the two options mentioned above.
Option 1
There is concern that latency and coverage performances could be affected by Option 1 if UL transmissions in other symbol type is postponed or dropped. In our view, Option 1 is restricted to scenarios where multiple PUSCH transmission/receptions is semi-statically configured or scheduled by a single DCI as stated in TR 38.858. However, gNB could still schedule UEs to transmit consecutive UL transmissions both in SBFD symbols and non-SBFD symbols, e.g., by scheduling the UEs to transmit in SBFD symbols and non-SBFD symbols by separated DCIs. There is limit to UE capability to receive up to 2 UL DCIs. This is sufficient to schedule 2 groups of UL transmissions/repetitions in SBFD symbols and non-SBFD symbols within one TDD pattern. 
[image: ]
Figure 16: Option1, different DCIs for scheduling multiple PUSCH transmissions/repetitions in SBFD symbols and non-SBFD symbols.
By using different DCIs for scheduling PUSCHs in SBFD symbols and non-SBFD symbols, one could schedule those PUSCHs with different transmit powers, MCS selections, and so on for transmissions/repetitions over SBFD symbols and non-SBFD symbols. 
[bookmark: _Toc159244001][bookmark: _Toc163235704][bookmark: _Toc163246034][bookmark: _Toc163247152]Restricting multi-slot UL transmissions to either in SBFD slot or non-SBFD slot (i.e., Option 1) can be supported without degrading on latency or coverage by using multiple DCIs scheduling.
[bookmark: _Toc163243923][bookmark: _Toc163246709][bookmark: _Toc163247189]For PUSCH transmission support the option of restricting the UL transmissions to the same symbol type (SBFD only or non-SBFD only).
Option 2
In our view, Option 2 could allow UL transmissions/repetitions in both SBFD symbols and non-SBFD symbols including scenarios that multiple UL transmissions/repetitions scheduled by a single DCI. In existing specifications, a single indication of frequency domain resource assignment (FDRA) applies to all PUSCH transmissions/repetitions. FDRA includes frequency domain resource allocation and frequency offset if frequency hopping is supported. Since the availabilities of frequency resources in SBFD symbols and non-SBFD symbols are different, different FDRAs could be required for Option 2. Depending on scheduling flexibility, following alternatives could be considered for Option 2.
1. [bookmark: _Hlk156388271]Different frequency domain resource allocations could be scheduled for SBFD symbols and non-SBFD symbols. This alternative gives high scheduling flexibility but requires multiple FDRA indicators/configurations and large specification impact. This corresponds to Option 1-1 in TR38.858 Under “Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots” and illustrated in Figure 17.
2. Same frequency domain resource allocation but different frequency offsets (if frequency hopping is supported) could be scheduled for SBFD symbols and non-SBFD symbols. This alternative gives scheduling flexibility (and frequency diversity), could require some enhancement for FDRA indicators/configurations and small specification impact. This corresponds to Option 1-2 in TR38.858 Under “Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots” and illustrated in Figure 18. 
3. Same frequency domain resource allocation and same frequency offset (if frequency hopping is supported) could be scheduled for SBFD symbols and non-SBFD symbols. This alternative has restricted scheduling flexibility and less frequency diversity, but requiring no or small specification impact. This corresponds to Option 1-3 in TR38.858 Under “Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots” and illustrated in Figure 19.


[image: ]
[bookmark: _Ref159229202]Figure 17: Different frequency domain resource allocations could be scheduled for PUSCH transmissions/repetitions in SBFD symbols and non-SBFD symbols.
[image: ]
[bookmark: _Ref159229323]Figure 18: Same frequency domain resource allocations, but different frequency offsets could be scheduled for PUSCH transmissions/repetitions in SBFD symbols and non-SBFD symbols.
[image: ]
[bookmark: _Ref159229404]Figure 19: Same frequency domain resource allocation and same frequency offset could be scheduled for PUSCH transmissions/repetitions in SBFD symbols and non-SBFD symbols.

In our view, if multi-slot UL transmissions are restricted to Option 2, the last two alternatives provide trade-off between scheduling flexibility and specification impact. 
[bookmark: _Toc163243924][bookmark: _Toc163246710][bookmark: _Toc163247190]Multi-slot PUSCH scheduling across SBFD and non-SBFD slots should be studied further. Among the different options for enhancement on frequency resource assignment, support same frequency domain resource allocation but different frequency offsets, i.e.,   Options 1-2 under “Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots” in TR38.858 are preferrable. 
PUSCH TBoMS
In PUSCH TBoMS, a single TB is transmitted over multiple slots. Its transport block size (TBS) is determined based on all the allocated REs in these slots and is no larger than the maximum size of one code block. TBoMS uses PUSCH repetition Type A-like time domain and frequency domain resource allocation, that is, the same UL symbols and the same number of PRBs are allocated across the slots of a TBoMS. TBoMS can be used in combination with PUSCH repetition, when the number of repetitions is present in the indicated row in the configured time domain resource allocation table, generating N*K PUSCH transmission occasions (K is the number of repetition and N is the number of slots for each PUSCH transmission). TBoMS can also be used with available slot counting. When available slot counting is enabled, TBoMS transmits only in UL slots determined based on the common and/or dedicated TDD configuration and SSB transmission.
TBoMS can be considered as an extension of PUSCH repetition Type A, where each PUSCH is transmitted in multiple consecutive physical slots (when consecutive slot counting is used) or consecutive UL slots (when available slot counting is enabled). In this sense the discussion presented in the previous section on PUSCH repetition in SBFD operation is also applicable to TBoMS. If Opion 1 (PUSCH transmissions are restricted to SBFD symbols only or non-SBFD symbols only in multiple slots) is adopted, TBoMS transmissions can only occur in either SBFD or non-SBFD slots. If Option 2 (PUSCH transmissions can be in SBFD symbols or non-SBFD symbols in multiple slots) is adopted, TBoMS transmissions can occur in both SBFD and non-SBFD slots. According to the current specification TBoMS transmission occasions colliding with DL slots should be omitted. In this case a single FDRA included in the scheduling DCI or in the CG PUSCH configuration can indicate a set of VRBs which is mapped to different set of PRBs in the SBFD or non-SBFD slots. Per slot rate matching can be performed when there are not enough PRBs due to reduced resource in UL subband in SBFD slots.
[image: ]
[bookmark: _Ref157589443]Figure 20: TBoMS in a SBFD system.

Figure 20 illustrates two examples of TBoMS transmission in 8 consecutive slots in a SBFD system with TDD pattern DXXXU and SBFD configuration D-U-D. The left example is for Option 1 where TBoMS transmissions are restricted to SBFD slots only and the right example is for Option 2 with TBoMS transmissions occur in SBFD and non-SBFD slots.
Inter-slot frequency hopping is supported for TBoMS. The discussion on inter-slot frequency hopping for multi-slot PUSCH transmission in the previous section is also applicable to TBoMS.
In general we think that TBoMS is a special case of PUSCH repetitions Type A. The observations and proposal we conclude in in the previous sub-sections for PUSCH are also applicable for TBoMS in SBFD operation.
[bookmark: _Toc159244002][bookmark: _Toc163243925][bookmark: _Toc163246711][bookmark: _Toc163247191]TBoMS can be considered as a special case of PUSCH Repetition Type A. The TBoMS behaviors in SBFD operation can be discussed together with the normal PUSCH repetition.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Configuring symbols as both SBFD and UE-specific UL will violate backwards compatibility for legacy UEs.
Observation 2	SBFD time and frequency configuration needs to be network specific for interference reasons. UE-specific configurations of time and frequency has no use.
Observation 3	Unless a cell-specific frequency configuration is specified, in practice, IDLE mode cannot be supported.
Observation 4	The UL and DL carrier configurations (SCS-SpecificCarrier) in the current spec are signaled in separate IEs.
Observation 5	The UL and DL subband configurations need to be physically aligned among carrier SCS configurations.
Observation 6	Adding an additional parameter for the UE’s usable bandwidth for UL and DL subbands would in effect contradict the fundamental assumption in NR of a single active BWP.
Observation 7	Ambiguity resolved by DCI format 2_0 cannot apply to SBFD symbols. Hence DCI 2_0 shall be disregarded in SBFD symbols.
Observation 8	Restricting multi-slot transmissions to either in SBFD slot or non-SBFD slot (i.e., Option 1) can be supported with least specification impact.
Observation 9	Restricting multi-slot transmissions to either in SBFD slot or in non-SBFD slot can simplify link adaptation and power control (for PUSCH and PUCCH).
Observation 10	Allowing multi-slot transmission across SBFD and non-SBFD symbols in multiple slots requires specification updates to specify different resource allocation, beam indication, power control and frequency hopping for different type of symbols.
Observation 11	Supporting separate UL power control for SBFD and non-SBFD symbols could be beneficial, but UL power control is a complex area with dependencies also to RAN4.
Observation 12	The situations for the necessity of having separate spatial/beam relations on SBFD and non-SBFD symbols are very limited.
Observation 13	“Beam relation” does not appear to be a normative term in 3GPP specifications.
Observation 14	For enhancement on PDSCH RA type 1 FDRA across two DL subbands, PDSCH rate-matching around UL subband and guardband(s) (Option 1) can significantly reduce the number of usable REs and result in too high code-rate.
Observation 15	Option 2-1 offers the most flexible CSI-RS resource allocation within the DL subband(s) and does not consume additional CSI-RS resources from the UE capability budget.
Observation 16	By explicitly configuring csi-ReportingBand in the reportFreqConfiguration, the gNB can request the UE to report the CSI for the contiguous or non-contiguous subset of subbands in the bandwidth part.
Observation 17	Legacy UEs, non-supportive of SBFD, can only transmit PUCCH in non-SBFD slots.
Observation 18	Restricting multi-slot UL transmissions to either in SBFD slot or non-SBFD slot (i.e., Option 1) can be supported without degrading on latency or coverage by using multiple DCIs scheduling.


Based on the discussion in the previous sections we propose the following:
Proposal 1	UE-specific UL may not be configured in symbols also configured as SBFD.
Proposal 2	An SBFD configured UE disregards SFI in DCI format 2_0 for SBFD symbols.
Proposal 3	No UE-specific time configuration of SBFD symbols is supported.
Proposal 4	By default, the SBFD period is the same as the TDD-UL-DL pattern period. Optionally, an extended periodicity and offset can be configured.
Proposal 5	No UE-specific frequency configuration of SBFD symbols is supported.
Proposal 6	Support Option 1 regarding UL/DL subband configuration, i.e., frequency locations of UL subband and DL subband(s) are explicitly configured.
Proposal 7	If the SBFD frequency configuration is only provided for a single reference carrier SCS, it shall also be applied to the remaining carrier SCSs.
Proposal 8	Support Option 1 regarding the UL and DL subbands’ usable resources configuration, i.e., UL and DL usable PRBs are determined as intersection between cell-specific UL and DL subband and active UL and DL BWP in SBFD symbols, respectively.
Proposal 9	UE direction is resolved by configured/scheduled operations, i.e., support Option 1.
Proposal 10	RAN1 to agree to Proposal 2-16 in R1-2401654
Proposal 11	RAN1 to agree to Proposal 2-17 in R1-2401654
Proposal 12	RAN1 to agree to Option 1 in Proposal 2-18 in R1-2401654
Proposal 13	RAN1 to agree to Option 1 in Proposal 2-19 in R1-2401654
Proposal 14	RAN1 to agree to Option 2 in Proposal 2-20 in R1-2401654
Proposal 15	If an SBFD symbol overlaps an SSB symbol used for RRM measurements, a UE shall/shall not transmit in the UL subband of this symbol depending on configuration. Example configurability is to (a) prioritize UL transmissions, or (b) prioritize SS/PBCH block reception.
Proposal 16	The UE prioritizes valid ROs when it would transmit PRACH, otherwise it receives the DL.
Proposal 17	Physical channels/signals with transmission/reception occasion mapped to SBFD and non-SBFD symbols within a slot are not supported.
Note: PRACH should be separately discussed in the 9.3.2 agenda item.
Proposal 18	Restricting multi-slot transmissions to either in SBFD or non-SBFD slot should be supported.
Proposal 19	Allowing physical channels/signals transmission across SBFD and non-SBFD symbols in multiple slots requires much more significant specification updates compared to the other option of restricting them to either SBFD or non-SBFD symbols. Therefore, it is beneficial to have the configuration flexibility between both options if supported.
Proposal 20	For SRS, PUCCH and PUSCH continue to study different UL power adjustment in SBFD vs. non-SBFD symbols. It can be further discussed how to signal this to the UE, e.g., by different configured power control parameters and/or different TPC commands.
Proposal 21	In the context of separate beam/spatial relation on SBFD symbols and non-SBFD symbols, RAN1 should discuss aspects such as single TRP vs. multi-TRP deployments, relevant time scales for indicating spatial relations relative vs. the time scale on which gNB-gNB CLI varies, as well as DL vs. UL reference signals used by the gNB to configure the spatial/beam relations. RAN1 should also discuss PUCCH, PUSCH, and SRS separately since the mechanism for configuring spatial relations can be different in different cases.
Proposal 22	The existing specifications for CORESET and search space configuration are sufficiently flexible to support SBFD operation. It is not recommended to pursue further PDCCH enhancements other than facilitating SBFD-aware UEs to skip evaluating such PDCCH candidates mapped to one or more REs that overlap with REs outside DL subband(s).
Proposal 23	RA Type 0 can be directly applied to SBFD. UEs are not expected to be allocated with RBGs that are not in the DL subband(s) in a SBFD symbol.
Proposal 24	For proposed agreement on RBG size for RA type 0 in SBFD symbols, adopt Option 1 (i.e., RBG sizes for UE effective DL subband(s) and UL subband are determined based on the sizes of DL BWP and UL BWP respectively).
Proposal 25	In connected mode, support “New RB indexing within RBs in DL subbands only, and legacy VRB-to-PRB mapping is used” (i.e., Option 2 in the FL’s summary) for enhancements of PDSCH RA Type 1 FDRA across two DL subbands.
Proposal 26	If PRG based precoding is configured for PDSCH, for a DL PRG that overlaps with subband boundary, the part of the DL PRB inside the DL subband can be used for PDSCH transmission.
Proposal 27	If wideband precoding is configured for PDSCH, adopt option 1 in Section 6.1.2 in TR 38.858, i.e., non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated.
Proposal 28	RAN1 to confirm the proposed agreement from the last meeting on PDSCH precoding. Resolve the FFS in the proposed agreement about dynamic bundling by clarifying that same precoding is restricted to each DL subband if bundling size is determined to be ‘wideband’.
Proposal 29	For CSI-RS resource configuration, while both Options 2-1 and 2-2 are available under one CSI-RS resource configuration, Option 2-1 is preferred due to its flexibility and the minor specification impact.
Proposal 30	For SBFD-aware UEs, consider to support option 1-1 and 2-2 for CSI report configuration.
Proposal 31	As it is unclear to us the benefits of having different RBG size or CSI reporting subbands size in SBFD symbols and legacy symbols is unclear, Option 1 is preferred.
Proposal 32	For PUCCH, support the option of restricting the transmissions/receptions to the same symbol type (SBFD only or non-SBFD only).
Proposal 33	Multi-slot PUCCH scheduling across SBFD and non-SBFD slots should be studied further.
Proposal 34	Resources used for PUCCH inter-slot frequency hopping over a mix of SBFD and non-SBFD slots should be configured separately for SBFD slots and non-SBFD slots allowing for optimal frequency diversity.
Proposal 35	Two slot counters, one for SBFD slots and one for non-SBFD slots, should be used for PUCCH inter-slot frequency hopping to ensure optimal frequency resource allocation across the slots.
Proposal 36	For PUSCH transmission support the option of restricting the UL transmissions to the same symbol type (SBFD only or non-SBFD only).
Proposal 37	Multi-slot PUSCH scheduling across SBFD and non-SBFD slots should be studied further. Among the different options for enhancement on frequency resource assignment, support same frequency domain resource allocation but different frequency offsets, i.e.,   Options 1-2 under “Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots” in TR38.858 are preferrable.
Proposal 38	TBoMS can be considered as a special case of PUSCH Repetition Type A. The TBoMS behaviors in SBFD operation can be discussed together with the normal PUSCH repetition.
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