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Introduction
Following the objectives that specifying semi-static indication of time frequency location of SBFD subbands to UEs in RRC_CONNECTED mode, and specifying UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE as listed in the WID of the Rel-19 work item on SBFD [1], this contribution provides our consideration on indication of SBFD subbands and TX/RX/measurement procedures for SBFD aware UE.
Semi-static indication of time location of SBFD subbands
For the signaling aspects of SBFD subbands time location indication, at least cell-specific configuration was agreed in RAN1 #116 [2]. Regarding the FFS point for additional support of UE-specific configuration on time location of SBFD subbands, RAN1 #116bis had the discussion precluding reverting symbol type via UE-specific configuration or group-common signaling [3].
	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
A symbol configured as SBFD symbol via cell-specific configuration cannot be reverted to a non-SBFD symbol via any UE-specific configuration or group-common signaling.
A symbol not configured as SBFD symbol via cell-specific configuration cannot be reverted to an SBFD symbol via any UE-specific configuration or group-common signaling.



The period and signalling details for cell-specific SBFD subbands time location configuration are remaining issues.
Period for SBFD subbands time location
Options for SBFD subbands time location period were discussed in RAN1 #116 with options for further down-selection listed as below [2]:
	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



Between the two options, we slightly prefer option 2 since it is more flexible than option 1. When the integer is set to one, the period configured by option 2 becomes the same as option 1. When two TDD-UL-DL patterns are configured, the period is integer multiple of the sum of the two TDD-UL-DL pattern periods, i.e. [image: ].
Proposal 1: The period for SBFD subbands time location is integer multiple of TDD-UL-DL pattern period, which is configured by dl-UL-TransmissionPeriodicity for only one TDD-UL-DL pattern configuration or the sum of two values configured respectively by dl-UL-TransmissionPeriodicity for two TDD-UL-DL patterns configuration.
Configuration within a TDD-UL-DL pattern
Within each TDD-UL-DL pattern, SBFD symbols are configured in consecutive manner to limit maximum of two symbol type transition points [2].
	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



Introducing new fields in TDD-UL-DL-Pattern in TDD-UL-DL-ConfigCommon is considered for the indication of consecutive time location of SBFD subbands within a TDD-UL-DL pattern. The new fields can be configured in one or two TDD-UL-DL-Pattern IEs when two TDD-UL-DL patterns are configured. The SBFD slot/symbol configured by the new fields can override the legacy DL and/or flexible symbols configuration by TDD-UL-DL-Pattern and is transparent for legacy UEs.
For legacy TDD-UL-DL configuration, consecutive DL/UL symbols are indicated by semi-static signaling resulting maximum one DL UL transition point in a TDD-UL-DL pattern. For SBFD subbands time location indication within a TDD-UL-DL pattern, the DL UL transition point should also be minimized to reduce the DL UL switching guard period. As shown in figure 1(a), arbitrary time location of SBFD subbands within a TDD-UL-DL pattern may have DL symbols between SBFD symbols and UL symbols. Then at the frequency location of UL subband, there are three DL UL transition points, i.e. DL -> UL in UL subband -> DL -> UL symbol, which should be avoided. Instead, SBFD symbols can be configured adjacent to UL symbols illustrated in figure 1(b), in which there is only one DL UL transition point within a TDD-UL-DL pattern. In this way, the number of SBFD slots before UL slot (e.g. 3 is configured in figure 1(b)), and the number of SBFD symbols in the first SBFD slot (e.g. 7 is configured in figure 1(b)) can be configured by the new fields.
A guard period between SBFD and non-SBFD symbols may or may not be required at gNB and/or UE side depending on gNB/UE implementation and/or SBFD operation based on the SI outcome [4]. Whether the guard period needs to be explicitly configured between SBFD and non-SBFD symbols can be further studied.
         
(a)DL symbols between SBFD symbols and UL symbols   (b) SBFD symbols and UL symbols are consecutive
Figure 1 Indication of consecutive time location of SBFD subbands within a TDD-UL-DL pattern
Proposal 2: Restriction of maximum number of DL UL transition point for SBFD-aware UE within a TDD-UL-DL pattern needs to be discussed in RAN1.
Proposal 3: Introduce new fields in TDD-UL-DL-Pattern in TDD-UL-DL-ConfigCommon to indicate the number of SBFD slots before UL slot and the number of SBFD symbols in the first SBFD slot for cell specific configuration of SBFD subbands time location.
Semi-static indication of frequency location of SBFD subbands
Explicitly configuration for guardband(s) or DL subband(s)
For frequency location configuration of DL subband(s) and guardband(s) if any, the following two viable solutions are to be down-selected [2]:
	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.
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).



Option 1 requires the signaling to configure the frequency locations of at most two DL subbands, i.e. two fields would be introduced to configure the ending RB of the low frequency DL subband and the starting RB of the high frequency DL subband when the UL subband locates at the middle of the carrier. The signaling required by option 2 is one optional field to configure the number of RBs for guardband(s) if any, as the guardbands reserved next to the low and high frequency edge of the middle UL subband could be symmetric. In our view, the signaling for Option 2 is simpler than the signaling for Option 1, thus option 2 is preferred.
In some companies’ view, option 1 can also use one field to configure the number of RBs for DL subband(s) which is the same signaling overhead as option 2. One or two DL subbands is determined by the configured RB number at one or two edges of the carrier. We think the proposed way is still no better than option 2. For one thing, the signaling size to indicate number of RBs for DL subband(s) may be larger than the size to indicate the number of RBs for guardband(s). For another thing, the proposed way restricts the two DL subbands should be symmetric at edges of the carrier when UL subband locates at the middle.
Proposal 4: 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).
Cell-specific or UE-specific
The support of cell-specific configuration on frequency location of SBFD subbands was made as working assumption in RAN1 #116. At least UL subband frequency location should be cell-specifically configured. Reusing the BWP frequency location indication mechanism, the starting and bandwidth of the UL subband can be indicated separately for each SCS configuration by a field being interpreted as resource indicator value (RIV).
Some companies think the guardband between UL subband and DL subband depends on UE capability. Sending LS to RAN4 was discussed in the last meeting regarding guard bands for SBFD aware UEs [5]. We are open to discuss whether there are UE specific guardband size and DL subband(s).
Proposal 5: As least SBFD UL subband frequency location is cell-specifically configured within a TDD carrier for RRC connected mode UEs.
Proposal 6: For the cell-specific explicit indication of one UL subband each SCS configuration, a field being interpreted as resource indicator value (RIV) is used to indicate starting and bandwidth of the UL subband.
Usable PRBs determination
For the following considered options to determine UL/DL usable PRBs in RAN1#116 [2], since cell-specific configuration of SBFD UL subband frequency location is supported for a serving cell and UE should use the resource in active BWPs, UL/DL usable PRBs could be determined as intersection between UL/DL subband(s) and active UL/DL BWP in SBFD symbols.
	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.
· 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.



Proposal 7: UL/DL usable PRBs are determined as intersection between UL/DL subband(s) and active UL/DL BWP in SBFD symbols.
TX/RX/measurement procedures
Transmission and reception behaviors on SBFD subbands
From SBFD-aware UE perspective, it needs to decide whether to transmit or to receive in the SBFD symbol. The link direction determination for SBFD-aware UE in an SBFD symbol was discussed in previous meetings achieving agreements as below [2][3].
	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. 
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.
Agreement
If link direction indication is not supported nor provided for a SBFD symbol, for collision Case 2 (semi-statically configured DL reception vs. dynamically scheduled UL transmission) in the SBFD symbol for SBFD-aware UEs, reuse the existing collision handling principles in NR for operation on flexible symbols on a single carrier in unpaired spectrum, i.e. UE does not receive DL channel/signal.
· The above does not imply link direction indication is supported
· FFS on dynamically scheduled UL transmission with repetition
Agreement
If link direction indication is not supported nor provided for a SBFD symbol, for collision Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission) in the SBFD symbol for SBFD-aware UEs, reuse the existing collision handling principles and timeline in NR for operation on flexible symbols on a single carrier in unpaired spectrum, i.e. UL transmission is cancelled if cancellation timeline is met.
· The above does not imply link direction indication is supported
· FFS on dynamically scheduled DL reception with repetition



Rules to solve collisions between DL reception and UL transmission had been discussed and defined for several cases such as Rel-15 flexible symbols, Rel-17 HD-FDD RedCap UEs, which can be reused as much as possible to minimize the specification impact. Explicit indication for link direction needs specification work to decide whether the indication is semi-static and/or dynamic, whether existing signaling or new signaling is used, which brings additional UE specific signaling overhead. If current TDD-UL-DL-ConfigDedicated and SFI in DCI format 2_0 are extended to be applied to indicate the link direction of the SBFD symbol, rules to solve DL UL collisions are still required when the signal is not sent. From our perspective, indicating link direction explicitly has unclear benefit and complicates the specification.
Proposal 8: UE determines to transmit or receive based on configured/scheduled transmissions/receptions and collision handling (if any).
For collision Case 1 and Case 2, it is FFS whether dynamically scheduled DL/UL with repetition always has priority over semi-statically configured UL/DL. Dropping part of the repetition to allow semi-statically configured UL transmission/DL reception is considered for the SBFD case optimization when collision happens. It is not clear why the SBFD case is different from other current cases needing such optimization for the existing collision handling principles. Prioritize dynamic scheduled DL/UL or semi-statically configured UL/DL depending on repetition may also need to take the repetition of both dynamic scheduled DL/UL and semi-statically configured UL/DL into account, as well as the ratio of the collision to the repetition, which seems a complicate design.
Proposal 9: For collision Case 1 and Case 2 (dynamically scheduled DL/UL vs. semi-statically configured UL/DL), dynamically scheduled DL/UL is prioritized no matter there is repetition or not.
For collision Case 3, Case 4, Case 6, following the legacy principles as much as possible is preferred. If any new principle to handle the collision is to be introduced, the necessity to use different principle for SBFD case from legacy case should be justified.
For collision Case 5 on whether UL transmission is allowed in an UL subband in symbol with SSB, the pons and cons were discussed during SI [4]. As analyzed in the SI, allowing UE to transmit in the SSB symbol can increase the UL opportunities benefiting UL performance. To minimize the impact on SSB detection and measurement, conditions under which the UE is allowed to transmit in SSB symbol should be carefully studied. For example, if the frequency distance between SSB and UL transmission resource is larger than a gNB configured value, interference from UL transmission is not severe and UE transmission in SSB symbol is allowed. Similar to SSB, PDCCH in CORESET 0 and PDSCH for SIB1 are detected by all the UEs. The condition to allow UE transmission in CORESET 0, SIB1 symbols needs also to be studied to minimize the impact on SIB detection.
Proposal 10: Study the condition to allow SBFD aware UE transmission in SSB, CORESET 0, SIB1 symbols at least considering the distance between DL common signal and UL transmission.
Frequency domain resource allocation for transmission or reception in a SBFD symbol
Handling of unaligned boundaries
When boundaries of RBG and SBFD subband are not aligned, the part of the UL/DL RBG inside the UL/DL usable PRBs can be used if the RBG is indicated for SBFD aware UE according to the agreement for frequency resource allocation Type 0 [3].
	Agreement
For frequency resource allocation Type 0 for PDSCH or PUSCH in a single slot by DCI based scheduling (without repetition or TBoMS), when an assigned RBG overlaps with the subband boundary, only the PRBs within DL usable PRBs are considered to be valid for PDSCH reception and only the PRBs within UL usable PRBs are considered to be valid for PUSCH transmission.
· SBFD aware UE does not expect to be assigned with a RBG for PDSCH which is fully outside DL usable PRBs or a RBG for PUSCH which is fully outside UL usable PRBs.



For handling of unaligned boundaries between SBFD subband and CSI reporting subband, CSI-RS resource, PRG, we support following the SI agreement that the resource inside the usable PRBs can be used, and the resource outside the usable PRBs is invalid.
Proposal 11: For handling of unaligned boundaries between SBFD subband and CSI reporting subband, CSI-RS resource, PRG:
· Only CSI-RS resources within DL usable PRBs are valid for SBFD-aware UEs.
· CSI report is derived based on CSI-RS resources excluding CSI-RS resources outside DL usable PRBs.
· The part of the DL PRG inside the DL usable PRBs can be used for SBFD-aware UEs.
Frequency resource allocation across two DL subbands
For UL transmission, DL transmission when there is only one DL suband, the available resource is consecutive in frequency domain. Reusing the legacy resource allocation mechanism to allocate frequency resource in consecutive available resource is feasible. The possible specification impact for SBFD aware UE frequency resource allocation is mainly due to the DL unavailable frequency resource in UL subband and guardbands if any when two DL subbands are configured. For PDSCH, PDCCH, CSI-RS, the enhancement for resource allocation in non-consecutive available DL frequency resource for SBFD aware UE should be studied.
· PDSCH 
If PRG is determined as wideband, the following two options were studied in SI for SBFD-aware UEs.
[bookmark: MCCQCTEMPBM_00000193]-	Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
[bookmark: MCCQCTEMPBM_00000194]-	Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
Since Option 1 can achieve better scheduling flexibility and higher DL data rate, we propose to support option 1 in the WI. 
Proposal 12: If PRG is determined as wideband for PDSCH, support non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband.
For PDSCH RA type 1 in a single slot scheduled at least by DCI format in USS, options were listed to be further decided in the last meeting to allocate non-consecutive resources across two DL subbands for SBFD symbols [3].
	Agreement
For frequency domain resource allocation Type 1 for PDSCH in a single slot scheduled at least by DCI format in USS, discuss and decide whether/which of the following options is supported.
· Option 1-1: Only the assigned PRBs within DL usable PRBs are considered to be valid for PDSCH. Assigned PRBs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping.
· Existing RB indexing and VRB-to-PRB mapping are reused
· The number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs only
· FFS: DMRS sequence mapping 
· Option 1-2: Only the assigned PRBs within DL usable PRBs are considered to be valid for PDSCH. Assigned PRBs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping.
· Existing RB indexing and VRB-to-PRB mapping are reused
· The number of PRBs for TBS determination is based on the assigned PRBs as legacy
· FFS: DMRS sequence mapping 
· Option 2: Introduce new RB indexing/PRB bundle indexing to ensure VRBs are mapped to DL usable PRBs only.
· Existing VRB-to-PRB mapping is reused
· Legacy TBS determination method is used
· FFS: DMRS sequence mapping 
· Option 3: Modify VRB-to-PRB mapping interleaver to ensure VRBs are mapped to DL usable PRBs only.
· Existing RB indexing/PRB bundle indexing is reused
· If the interleaver is not enabled, Option 1-1 or Option 1-2 is used
· Legacy TBS determination method is used
· FFS: DMRS sequence mapping 



Option 1-1 and Option 1-2 are proposed as the way performing rate matching for PDSCH to allocate non-consecutive resources via RA type 1. The only difference between the two options is the number of PRBs for TBS determination. Option 1-2 reuses the assigned PRBs as legacy to determine the TBS, and would result in a higher code rate and possible incorrect decoding of PDSCH. Option 1-1 avoids the code rate increasing by changing the TBS determination based on the assigned PRBs within DL usable PRBs. Thus to transmit a certain amount of TBS value, gNB needs to calculate the required valid PRB number and then the indicated PRB number by DCI. There is additional complexity especially for interleaved VRB-to-PRB mapping, since before searching the possible DCI indicated PRB and allocated valid PRB result after interleaved mapping, gNB can’t get the indicated PRB number by DCI. Both options require same FDRA field size as legacy even there are no DL only non-SBFD symbols configured.
In Option 2, new RB indexing/PRB bundle indexing is introduced to number the PRB/PRB bundle within DL usable PRBs in the two DL subbands by consecutive indices. FDRA field can indicate RIV allocating a set of consecutive VRBs. Reusing existing VRB-to-PRB mapping, the allocated VRBs are mapped into the DL usable PRBs in two DL subbands. TBS is determined based on the assigned VRB number the same as legacy way. Introducing new PRB bundle indexing applies only for the interleaved VRB-to-PRB mapping case, and another way is needed to allocate non-consecutive resources across two DL subbands for non-interleaved VRB-to-PRB mapping case. For another thing, when there is PRB bundle boundary not belonging to the DL usable PRB boundaries, i.e. DL usable PRBs in a DL subband contains non-integer number of PRB bundles, more discussion is needed about whether the corresponding PRB bundle is valid and how to utilize the partial PRB bundle. Introducing new RB indexing can avoid these issues, which applies for both interleaved VRB-to-PRB mapping and non-interleaved VRB-to-PRB mapping. Examples for new RB indexing and allocated resource across DL subbands are shown in figure 2. 
  
(a) non-interleaved VRB-to-PRB mapping                (b) interleaved VRB-to-PRB mapping
Figure 2 RIV indicates contiguous VRBs mapped to two DL subbands with new RB indexing
When there is no DL only symbols configured, Option 2 can reduce the number of FDRA DCI bits to the size based on the total usable PRB number of the two DL subbands. Some companies think when SBFD aware UEs are configured with RA type 1 interleaved VRB-to-PRB mapping and legacy UEs are to be served in the same SBFD symbol, the new RB indexing would add the complexity for gNB to avoid the resource collision between SBFD aware UEs and legacy UEs. In our view, there is no difference from avoiding the RA type 1 interleaved VRB-to-PRB mapping allocated resource collision with the allocated resource by RA type 0 or RA type 1 non-interleaved VRB-to-PRB mapping for other UEs in the same active BWP in legacy operation.
Option 3 reuses existing RB indexing/PRB bundle indexing with a modified VRB-to-PRB mapping interleaver to ensure VRBs are mapped to DL usable PRBs only. The option also combines Option 1-1 or Option 1-2 if the new interleaver is not enabled. The specification impact of this option seems larger than the other options, and it is not clear to us how to specify the modified VRB-to-PRB mapping interleaver.
For all the options, there can be no difference on DMRS sequence mapping. The reference point for DMRS frequency mapping starting  is subcarrier 0 of the lowest-numbered RB in CORESET 0 or subcarrier 0 in CRB 0, and the DMRS REs are within the CRBs allocated for PDSCH transmission in DL usable PRBs, i.e. legacy DMRS sequence mapping can be reused.
Comparing the pros and cons of the listed options, introducing new RB indexing in option 2 is proposed.
Proposal 13: For PDSCH RA type 1 in a single slot scheduled at least by DCI format in USS, support new PRB indexing to number the PRBs within DL usable PRBs in the two DL subbands by consecutive indices.
· [bookmark: _Hlk162628316]Legacy DMRS sequence mapping is reused. 
· PDCCH
Currently, RRC parameter frequencyDomainResources provides a bitmap mapping with non-overlapping groups of 6 consecutive PRBs for the frequency resource allocation of PDCCH CORESET within a DL BWP. It needs to be discussed whether enhancement is necessary for PDCCH since the current PDCCH CORESET frequency resource allocation can support non-consecutive PRBs allocated. In our opinion, enhancement for PDCCH CORESET frequency resource configuration is beneficial allowing different resources for non-SBFD symbols and SBFD symbols without consuming more CORESET/search space configurations for a BWP.
The following options were considered in the SI, if it is agreed to be beneficial that a CORESET and a search space are configured that the 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 for SBFD-aware UE [4]:
[bookmark: MCCQCTEMPBM_00000223]-	Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
[bookmark: MCCQCTEMPBM_00000224]-	Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
[bookmark: MCCQCTEMPBM_00000225]-	Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
[bookmark: MCCQCTEMPBM_00000226]-	Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)
[bookmark: MCCQCTEMPBM_00000227]-	Option 5: Separate search spaces associated with a CORESET in SBFD and non-SBFD symbols
Option 2 may impact PDCCH performance or gNB has to use a larger PDCCH AL. Even part of a CCE overlaps with RBs outside DL usable PRBs, option 3 does not use the whole PDCCH candidate and option 4 drops the whole search space, which is not efficient for PDCCH resource utilization. Option 5 uses more search spaces, and whether the current search space budget can remain needs to be evaluated. As one way for option 1, if non-consecutive DL usable PRBs in two DL subbands are numbered by consecutive PRB indices in SBFD symbols, current parameter frequencyDomainResources or a new parameter similar to the current parameter can configure the CORESET PRB location with 6 newly indexed consecutive numbered PRBs as the granularity and the configured PRBs can map to the non-consecutive DL usable PRBs across two DL subbands.
· CSI-RS
In current specification, consecutive PRBs are configured for CSI-RS by the parameters startingRB and nrofRBs in the IE CSI-FrequencyOccupation. startingRB and nrofRBs must be integer multiple of 4. Frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs was studied in the SI considering the following options [4]:
-	Option 1: Two contiguous CSI-RS resources that are linked
-	Option 2: One CSI-RS resource
-	Option 2-1: Non-contiguous CSI-RS resource allocation
-	Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s) 
Option 1 requires additional signaling to link two CSI-RS resources in two DL subbands. Option 2-2 can reuse the existing signaling design by puncturing the CSI-RS outside the DL usable PRBs. To configure different CSI-RS PRB location and bandwidth in SBFD symbols and non-SBFD symbols, option 2-2 needs separate RRC signaling for SBFD symbols and non-SBFD symbols respectively. If same RRC signaling applied for both symbol types, the number of PRBs for CSI-RS in SBFD symbols would be less than the number in non-SBFD symbols. For Option 2-1 to allocate non-contiguous CSI-RS resource, indexing the DL usable PRBs across two DL subbands consecutively is considered. In this way, the PRBs not belonging to DL usable PRBs are naturally not counted by the configured nrofRBs. If same signaling for SBFD symbols and non-SBFD symbols with different interpretation is used, the number of PRBs for CSI-RS in SBFD symbols can be the same as the number in non-SBFD symbols.
Proposal 14: For PDCCH, CSI-RS to allocate non-contiguous resources across two DL subbands for SBFD symbols, study new PRB indexing to number the PRBs within DL usable PRBs in the two DL subbands by consecutive indices.
Frequency domain resource allocation for transmission or reception across SBFD and non-SBFD symbols
Resource allocation across SBFD and non-SBFD symbols needs to take into account that the bandwidth of available frequency resource in non-SBFD symbol is larger than it within the subband(s) in SBFD symbol. Options to be discussed and decided were listed for different UL transmission or DL reception cases in the last meeting [3].
PDSCH/PUSCH scheduled dynamically by a single DCI
Frequency allocation for PDSCH with repetitions, multi-PDSCH, PUSCH with repetitions, multi-PUSCH, PUSCH with TBoMS scheduled dynamically by a single DCI is indicated by FDRA field in DCI. Options agreed in the last meeting are:
	Agreement
For PDSCH repetitions across SBFD symbols and non-SBFD symbols in different slots where each repetition has either all SBFD or all non-SBFD symbols, and for multi-PDSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, where each PDSCH within a slot has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate FDRA configuration/indications/interpretations for SBFD symbols and non-SBFD symbols
· Option 2: Single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type 
· Option 3: A PDSCH in a slot overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid, e.g. the PDSCH in the slot is dropped
· Option 4: Only PDSCH in one symbol type is valid and PDSCH in the other symbol type is invalid
· Option 5: For a PDSCH in a slot overlapping with RBs outside DL usable PRBs in SBFD symbols, only the assigned PRBs within DL usable PRBs are considered to be valid 
· Option 6: gNB does not schedule any PDSCH in SBFD symbols in a slot to be overlapping with PRBs outside DL usable PRBs
· Other options are not precluded
· FFS: Applicable conditions
Agreement
For PUSCH repetition type-A across SBFD symbols and non-SBFD symbols in different slots where each repetition has either all SBFD or all non-SBFD symbols, and for multi-PUSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, where each PUSCH within a slot has either all SBFD or all non-SBFD symbols, and for TBoMS across SBFD symbols and non-SBFD symbols in different slots, where each transmission within a slot has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate FDRA configuration/indications/interpretations for SBFD symbols and non-SBFD symbols
· Option 2: Single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type 
· Option 3: A PUSCH in a slot overlapping with RBs outside UL usable PRBs in SBFD symbols is invalid, e.g. the PUSCH in the slot is dropped/postponed
· Option 4: Only PUSCH in one symbol type is valid and PUSCH in the other symbol type is invalid
· Option 5: For a PUSCH in a slot overlapping with RBs outside UL usable PRBs in SBFD symbols, only the assigned PRBs within UL usable PRBs are considered to be valid 
· Option 6: gNB does not schedule any PUSCH in SBFD symbols in a slot to be overlapping with PRBs outside UL usable PRBs
· Other options are not precluded
· FFS: Applicable conditions



Option 1 can allocate different frequency resource locations and bandwidths for SBFD symbols and non-SBFD symbols with most flexibility. Separate FDRA indications in DCI introduce large DCI overhead and DCI size is pursued to be minimized. 
Separate FDRA interpretations for SBFD symbols and non-SBFD symbols do not increase the FDRA signaling size but lead to some relationship between the allocated resource in SBFD symbols and non-SBFD symbols due to the re-interpretation. For PDSCH/PUSCH RA type 0, a way for the re-interpretation is truncating the bitmap by not mapping to RBGs entirely within the unavailable frequency resource. For PDSCH/PUSCH RA type 1, the FDRA bits can also be truncated indicating RIV to allocate resource in an UL subband, or a DL subband, or usable DL PRBs with new indexing. An example for re-interpreting RA type 0 FDRA bitmap is shown in figure 3.
 [image: ]
Figure 3 Example for separate RA type 0 FDRA interpretations 
For option 2, indicating the RB offset by DCI, the overhead increasing can be less than separating the FDRA field while it provides some flexibility for resource utilization. For UL allocation or DL allocation when there is only one DL subband, one RB offset is applicable. When the usable DL PRBs in SBFD symbol is not consecutive and divided into two DL subbands, the allocated resource in DL non-SBFD symbol may need to be divided and shifted with two RB offsets to determine the resource in two DL subbands in SBFD symbol, which is complex in this case. Since the available frequency resource in SBFD symbol is less than the resource in non-SBFD symbol, how to scale the allocated resource size in SBFD symbol also needs discussion when the shifted allocated resource cannot fit in the usable PRBs. Figure 4 illustrates an example case when the allocated resources for UE1 and UE2 exceed the UL usable PRBs region.
[image: ] 
Figure 4 Example for single resource allocation and resource shifted by RB offset
Proposal 15: For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots for SBFD-aware UEs, if single resource allocation for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication to determine resource for the other symbol type are supported, the RB offset(s) configuration/indication is considered together with resource size scaling configuration/indication.
Option 3, 4, 5, 6 solve the issue losing resource allocation flexibility compared with other two options. Option 3 drops or postpones the PDSCH/PUSCH overlapping with RBs outside usable PRBs in SBFD symbols, which may impact the performance or increase the latency. For option 4, even the allocated resource is not overlapped with the unusable PRBs, there are still invalid symbol type. For option 5, when the assigned PRBs within usable PRBs in SBFD symbols are small portion of the allocated resource, the decoding performance is impacted. 
In order to utilize the available frequency resource in different symbol type with flexibility, option 2 needs to be supported at least for UL or DL when there is one DL subband for dynamically scheduled PDSCH/PUSCH.
Proposal 16: For dynamically scheduled PDSCH/PUSCH across SBFD symbols and non-SBFD symbols in different slots for SBFD-aware UEs, single FDRA indication for one symbol type and RB offset indication to determine resource for the other symbol type is supported at least for UL or DL with one DL subband.
SPS PDSCH/CG PUSCH configuration without repetitions
	Agreement
For an SPS PDSCH configuration without repetitions, if the reception occasions are across SBFD symbols and non-SBFD symbols where each reception occasion has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate resource allocations for SBFD symbols and non-SBFD symbols
· FFS other separate configurations for SBFD symbols and non-SBFD symbols
· Option 2: Single resource configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type
· Option 3: An SPS PDSCH reception occasion overlapping with RBs outside DL usable PRBs in SBFD symbols is invalid 
· Option 4: Only SPS PDSCH reception occasion in one symbol type is valid and SPS PDSCH reception occasion in the other symbol type is invalid 
· Option 5: Only the assigned PRBs within DL usable PRBs in SBFD symbols are considered to be valid for SPS PDSCH
· Other options are not precluded
For a CG PUSCH configuration without repetitions, if the transmission occasions are across SBFD symbols and non-SBFD symbols where each transmission occasion has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following option(s) are supported. 
· Option 1: Separate resource configurations for SBFD symbols and non-SBFD symbols
· FFS type 2 CG PUSCH
· FFS other separate configurations for SBFD symbols and non-SBFD symbols
· Option 2: Single resource configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication/determination to determine resource for the other symbol type
· Option 3: A CG PUSCH transmission occasion overlapping with RBs outside UL usable PRBs in SBFD symbols is invalid
· Option 4: Only CG PUSCH transmission occasion in one symbol type is valid and CG PUSCH transmission occasion in the other symbol type is invalid 
· Option 5: Only the assigned PRBs within UL usable PRBs in SBFD symbols are considered to be valid for CG PUSCH 
· Other options are not precluded



Option 1 aims to allocate the frequency resource for SBFD symbols and non-SBFD symbols with the most flexibility. It is more suitable for type 1 CG PUSCH, as the frequency domain resource allocation is determined by the higher layer parameter frequencyDomainAllocation. Separate frequencyDomainAllocation can be configured for SBFD symbols and non-SBFD symbols allocation for type 1 CG PUSCH. For SPS PDSCH and type 2 CG PUSCH, the frequency resource is determined by DCI indicating an activation similar as dynamic scheduling. Separate resource allocation requires separate DCI FDRA, which is considered adding much DCI overhead.
Proposal 17: For type 1 CG PUSCH configuration, introduce separate frequencyDomainAllocation in higher layer to configure frequency resource for SBFD symbols and non-SBFD symbols respectively.
Option 2, 3, 4, 5 are similar as option 2, 3, 4, 5 discussed above for dynamically scheduled case. For option 4, considering to provide more than one configurations for type 2 CG PUSCH or for SPS PDSCH, and part of the configurations are valid in SBFD symbols, other configurations are valid in non-SBFD symbols, multiple DCI are required to activate the configurations valid in SBFD symbols and non-SBFD symbols. 
For type 2 CG PUSCH or SPS PDSCH, since the frequency resource is determined by DCI, similar option as dynamically scheduled PUSCH/PDSCH is preferred to be supported.
Proposal 18: For type 2 CG PUSCH or SPS PDSCH occasion without repetition across SBFD symbols and non-SBFD symbols for SBFD-aware UEs, single FDRA indication for one symbol type and RB offset configuration/indication to determine resource for the other symbol type is supported at least for UL or DL with one DL subband.
Conclusion
In this contribution, our views are provided on SBFD subbands time frequency location indication and TX/RX/measurement procedures for SBFD aware UE.
Based on the discussion, we have following proposals:
Proposal 1: The period for SBFD subbands time location is integer multiple of TDD-UL-DL pattern period, which is configured by dl-UL-TransmissionPeriodicity for only one TDD-UL-DL pattern configuration or the sum of two values configured respectively by dl-UL-TransmissionPeriodicity for two TDD-UL-DL patterns configuration.
Proposal 2: Restriction of maximum number of DL UL transition point for SBFD-aware UE within a TDD-UL-DL pattern needs to be discussed in RAN1.
Proposal 3: Introduce new fields in TDD-UL-DL-Pattern in TDD-UL-DL-ConfigCommon to indicate the number of SBFD slots before UL slot and the number of SBFD symbols in the first SBFD slot for cell specific configuration of SBFD subbands time location.
Proposal 4: 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).
Proposal 5: As least SBFD UL subband frequency location is cell-specifically configured within a TDD carrier for RRC connected mode UEs.
Proposal 6: For the cell-specific explicit indication of one UL subband each SCS configuration, a field being interpreted as resource indicator value (RIV) is used to indicate starting and bandwidth of the UL subband.
Proposal 7: UL/DL usable PRBs are determined as intersection between UL/DL subband(s) and active UL/DL BWP in SBFD symbols.
Proposal 8: UE determines to transmit or receive based on configured/scheduled transmissions/receptions and collision handling (if any).
Proposal 9: For collision Case 1 and Case 2 (dynamically scheduled DL/UL vs. semi-statically configured UL/DL), dynamically scheduled DL/UL is prioritized no matter there is repetition or not.
Proposal 10: Study the condition to allow SBFD aware UE transmission in SSB, CORESET 0, SIB1 symbols at least considering the distance between DL common signal and UL transmission.
Proposal 11: For handling of unaligned boundaries between SBFD subband and CSI reporting subband, CSI-RS resource, PRG:
· Only CSI-RS resources within DL usable PRBs are valid for SBFD-aware UEs.
· CSI report is derived based on CSI-RS resources excluding CSI-RS resources outside DL usable PRBs.
· The part of the DL PRG inside the DL usable PRBs can be used for SBFD-aware UEs.
Proposal 12: If PRG is determined as wideband for PDSCH, support non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband.
Proposal 13: For PDSCH RA type 1 in a single slot scheduled at least by DCI format in USS, support new PRB indexing to number the PRBs within DL usable PRBs in the two DL subbands by consecutive indices.
· Legacy DMRS sequence mapping is reused. 
Proposal 14: For PDCCH, CSI-RS to allocate non-contiguous resources across two DL subbands for SBFD symbols, study new PRB indexing to number the PRBs within DL usable PRBs in the two DL subbands by consecutive indices.
Proposal 15: For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots for SBFD-aware UEs, if single resource allocation for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration/indication to determine resource for the other symbol type are supported, the RB offset(s) configuration/indication is considered together with resource size scaling configuration/indication.
Proposal 16: For dynamically scheduled PDSCH/PUSCH across SBFD symbols and non-SBFD symbols in different slots for SBFD-aware UEs, single FDRA indication for one symbol type and RB offset indication to determine resource for the other symbol type is supported at least for UL or DL with one DL subband.
Proposal 17: For type 1 CG PUSCH configuration, introduce separate frequencyDomainAllocation in higher layer to configure frequency resource for SBFD symbols and non-SBFD symbols respectively.
Proposal 18: For type 2 CG PUSCH or SPS PDSCH occasion without repetition across SBFD symbols and non-SBFD symbols for SBFD-aware UEs, single FDRA indication for one symbol type and RB offset configuration/indication to determine resource for the other symbol type is supported at least for UL or DL with one DL subband.
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