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[bookmark: _Hlk155342702]In RAN1#116-bis meeting [1], progress has been made on SBFD TX/RX/measurement procedures. In this contribution, we discuss the remaining issues, including SBFD subband indication, TX/RX/measurement behaviours, FDRA enhancements in SBFD symbols, physical channels/signals across SBFD and non-SBFD symbols, configurations in SBFD and non-SBFD symbols, collision handling, etc.
SBFD subband indication
General
In RAN1#116 meeting, the following agreement was achieved on SBFD subband indication [1].
	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


In our view, at least cell-specific configuration on both time and frequency location of SBFD subbands should be supported within a TDD carrier. Thus, the above working assumption should be confirmed.
Proposal 1: Confirm the working assumption made in RAN1#116 on SBFD subband indication.
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.

Regarding the FFS on UE-specific configuration, the motivation of additional support of UE-specific configuration on time locations of DL/UL SBFD subbands is not clear to us, since allowing UE dynamically changing its SBFD time location is just like dynamic SBFD, which is beyond the WID scope. Furthermore, the motivation of additional support of UE-specific configuration on frequency location of UL subband is also not clear to us. Instead, additional support of UE-specific configuration on frequency location of DL subband(s) or guardband(s) can be considered.
Taking Figure 1 as example, assume gNB determining its cell-specific configuration on frequency location of SBFD subbands based on its self-interference cancellation capability. Considering two UEs (e.g., UE1 and UE2) may suffer from different UE-UE CLI levels due to its interference environment, their actual usable DL resources (the usable DL resources boundary is highlighted in red line) subject to tolerable UE-UE CLI are different. If only cell-specific subband configuration is supported as shown in the left of Figure 1, and if RBG based resource allocation (e.g., RA type 0) is used, the part RBs in RBG4 above the red line cannot be used by UE1. Instead, as shown in the right of Figure 1, if both cell-specific and UE-specific subband configuration are supported, and if the bandwidth of the UE-specific DL subband can be shrink to fit the UE-UE CLI level, the part RBs in RBG4 above the red line can be used to DL resource allocation, i.e., UE-specific DL subband configuration may provide extra available DL RB for RBG-based RA. Based on the above discussion, it is preferred to consider additional support of UE-specific configuration on frequency location of DL subband(s) or guardband(s).


[bookmark: _Ref134800098]Figure 1. Example of additional support of UE-specific configuration on frequency location of DL subband(s).
Regarding which signalling is used to carry the cell-specific configuration on time and frequency location of SBFD subbands, there are two candidates signalling, in which the first is SIB based signalling and the second is UE-specific RRC dedicated signalling. Compared between them, SIB based signalling is preferred as baseline because the SBFD operation is from gNB’s perspective and the subband configuration is common for all UEs. In addition, considering we are also discussing the support of random access in RRC_IDLE/INACTIVE states, SIB based signalling is the only solution to support all RRC modes. Thus, at least SIB based signalling should be supported to indicate the cell-specific configuration on time and frequency location of SBFD subbands. Furthermore, UE-specific RRC dedicated signalling can be also supported to additional indicate UE-specific configuration on frequency location of DL subband(s) or guardband(s).
Proposal 2: At least support SIB based signalling to indicate cell-specific configuration on time and frequency location of SBFD subbands.
Proposal 3: Additional support UE-specific RRC dedicated signalling to reconfigure the frequency location of DL subband(s) or guardband(s).
Time indication
	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




[bookmark: _Ref162378689]Figure 2. SBFD subband periodicity for one TDD-UL-DL pattern and two TDD-UL-DL patterns.
Regarding SBFD subband periodicity when only one TDD-UL-DL pattern is configured, as shown in Case 1 in Figure 2, Option 1 (i.e., The period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon) is preferred for reduced latency. Option 2 can allow no SBFD operation in some TDD periodicity but this motivation is not so strong since the benefit of SBFD is to allow more UL transmission resources to improve the throughout and coverage of UL. Regarding SBFD subband periodicity when two TDD-UL-DL patterns are configured, as shown in Case 2 in Figure 2, one (Case 2b) or two (Case 2a) SBFD patterns are (separately) configured each with SBFD periodicity = P + P2.
Proposal 4: Regarding the SBFD subband periodicity when only one TDD-UL-DL pattern is configured, support Option 1.
· Option 1: The period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
Proposal 5: Regarding the SBFD subband periodicity when two TDD-UL-DL patterns are configured, one or two SBFD patterns are (separately) configured each with SBFD periodicity = P + P2.

The following agreement was achieved on semi-static indication of SBFD subband time location in a consecutive manner but the details are FFS.
	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



One simple way to configure the continuous time location of SBFD subbands is to indicate a starting symbol and length within a TDD UL/DL pattern period. For example, the starting symbol index is a global OFDM symbol index in a TDD UL/DL pattern period and the length is configured in symbol granularity as in Figure 3.
In addition, guard period may be needed from gNB and UE side to enable the switch between SBFD symbols and non-SBFD symbols. The gNB side’s guard period is up to gNB’s antenna configuration implementation. For example, gNB doesn’t need to change the connection between Tx/Rx chain and panel groups between non-SBFD symbols and SBFD symbols if the SBFD antenna configuration Option-2 (Method 2-1) and SBFD antenna configuration Option-3 (Method 3-1) are implemented, which may not introduce the non-SBFD and SBFD switching time. From UE side, it is also up to UE’s implementation and the guard period time can be different from the guard period from gNB side.


[bookmark: _Ref162379815]Figure 3. Time location indication of SBFD subband
If there is no explicit indication of the guard period sent from gNB to UE, gNB needs to avoid allocating the time/frequency resources within the guard period to UEs for transmission or reception by implementation, which will impose restriction on gNB’s scheduling and configurations. For example, SPS or CG transmission cannot be configured to cross the SBFD symbols and non-SBFD symbols. Therefore, we think it is much better to explicitly configure the guard period to SBFD aware UEs to let UE know which symbols should be used as guard period and should be rate-matched for resource mapping.
Proposal 6: For the time location indication of SBFD subbands:
· The time location of SBFD subband(s) is configured by the manner of configuring a starting symbol and a length within the TDD UL/DL pattern period.
· Guard periods can be explicitly configured outside the SBFD subband time location to avoid mapping resources on them.
[bookmark: _Ref162422699]Frequency indication
	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).

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 cell-specific configuration of frequency locations of SBFD subbands,
· Option 1: Cell-specific frequency locations of SBFD subbands are separately configured for each SCS configuration in SCS-SpecificCarrierList.
· For each SCS configuration, the reference starting PRB is the PRB determined by the SCS configuration and offsetToCarrier corresponding to this subcarrier spacing.



As discussion in Section 2.1, at least SIB based signalling should be supported to indicate the cell-specific configuration on time and frequency location of SBFD subbands. For SIB based indication, Option 2 is preferred for less signalling overhead. The configuration of RB number of guardband is based on gNB’s implementation and can be set as zero.
Proposal 7: Regarding semi-static indication of SBFD subband frequency location, support Option 2.
· 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).
· The number of RBs for guardband(s) is no less than zero.
TX/RX/measurement behaviours
Time domain behaviour
	Agreement
For SBFD-aware UE transmission and reception in the SBFD symbols configured in DL and/or flexible in TDD-UL-DL-ConfigCommon, 
· UL transmissions within UL usable PRBs are allowed
· FFS SSB symbols
· DL receptions within DL usable PRBs are allowed
· UL transmissions outside UL usable PRBs are not allowed
· DL receptions outside DL usable PRBs are not allowed
· This restriction is not applicable for CLI measurement
CLI measurement behaviours for SBFD-aware UE are discussed in agenda item 9.3.3.
RAN1 to discuss SBFD aware UE behaviors in SBFD symbols with interaction with legacy TDD slot configuration indications via TDD-UL-DL-ConfigDedicated and SFI in DCI format 2_0
· DCI format 2_0 cannot be used to revert SBFD symbol to non-SBFD symbol

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
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.




[bookmark: _Ref162383284]Figure 4. UL/DL direction determining in SBFD symbols
As shown in Figure 4, after receiving the time and frequency location indication of SBFD subbands (step 1), SBFD aware UE can derive which symbols are SBFD symbols and apply the new transmission and reception behaviour on these symbols, i.e., the UL transmission is within UL subband and DL reception is within DL subbands. However, the UL/DL direction of a given SBFD symbol is not clear from UE’s perspective if gNB only configure the time location of UL subband, because both DL reception and UL transmission are allowed.
As agreed in the RAN1#116 meeting, two options are considered 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.
For Option 1, UE needs to monitor DCI on each PDCCH monitoring occasion which is not beneficial to UE power saving. In addition, there may be some UL/DL collision cases in the same SBFD symbol, e.g., higher layer configured DL reception and UL transmission, and the scheduling DCI based solution cannot solve this issue.
Instead, Option 2 with an explicit signalling to indicate the transmission direction of one SBFD symbol is necessary to indicate whether UE receives DL or transmits UL. Based on Option 2, the time domain behaviour from SBFD aware UE’s perspective can follow the following two steps:
· Step 1 (semi-static subband time location indication): The semi-static UL subband time location indication signalling is used to configure the SBFD subband time location (SBFD symbol time location). This signalling can “override” the legacy DL and flexible symbols determined by cell-specific TDD UL/DL configuration. 
· Step 2 (UL/DL direction indication): For a given SBFD symbol, legacy signalling or new signalling can be reused to indicate the UL or DL direction. This function is similar as using traditional TDD config dedicated RRC signalling/SFI to determine the transmission direction for the flexible symbols.
Regarding how to explicitly indicate the link direction, two alternatives can be considered:
· Alt 1: Legacy TDD slot configuration indications (i.e., TDD-UL-DL-ConfigDedicated and SFI) can be reused and reinterpreted to indicate UE specific link direction in SBFD symbols.
· Alt 2: Design new signaling, e.g., higher layer signaling and/or DCI, to indicate the link direction of the SBFD symbol.
Alt 1 can reuse the legacy signaling as much as possible, but the new behavior should be defined. Alt 2 is decoupled from legacy signaling but the standard effort may be lager.
As shown in Table 1, the following UE behavior for a SBFD-aware UE when link direction is explicitly indicated via legacy TDD slot configuration indications (i.e., Alt 1) can be considered.
· In non-SBFD symbol, the behaviour of legacy TDD slot configuration indications keep the same, e.g., SFI is used to revert flexible symbol to full DL/UL symbol.
· Nevertheless, in SBFD symbol, legacy TDD slot configuration indications can be reused and reinterpreted to indicate UE specific link direction only in SBFD symbols for SBFD-aware UE, e.g., SFI cannot be used to revert symbol type, instead, it is used to indicate DL reception in DL subband or UL transmission in UL subband.
· Note: SBFD-aware UE knows which symbol is SBFD symbol or not, thus it can distinguish the new behaviour or legacy behaviour of legacy TDD slot configuration indications without ambiguous.
Note: The potential ambiguity issue for legacy UE with interaction with legacy TDD slot configuration indications in SBFD symbol can be handled up to gNB implementation. For example, 
· If TDD-UL-DL-ConfigDedicated is provided for a legacy UE, gNB will not indicate a SBFD symbol as DL symbol or UL symbol.
· SBFD-aware UE and legacy UE can be configured with different group-common RNTI to monitor different SFI.
[bookmark: _Ref162385096]
Table 1. UE behaviour of SBFD-aware UE when link direction is explicitly indicated via legacy TDD slot configuration indications.
	
	Non-SBFD symbol (legacy behavior)
	SBFD symbol (new behavior)

	TDD-UL-DL-ConfigCommon
	DL
	F
	DL
	F

	TDD-UL-DL-ConfigDedicated as DL
	invalid
	revert flexible symbol to full DL symbol
	Symbol type cannot be reverted.
UE receives in DL subbands

	TDD-UL-DL-ConfigDedicated as UL
	invalid
	revert flexible symbol to full UL symbol
	Symbol type cannot be reverted.
UE transmits in UL subbands

	SFI as DL
	invalid
	revert flexible symbol to full DL symbol
	Symbol type cannot be reverted.
UE receives in DL subbands

	SFI as UL
	invalid
	revert flexible symbol to full UL symbol
	Symbol type cannot be reverted.
UE transmits in UL subbands


Proposal 8: For SBFD-aware UE transmission and reception in an SBFD symbol, support Option 2 to determine link direction, i.e. whether to transmit or to receive in the SBFD symbol. 
· Option 2: link direction is indicated by gNB explicitly.
Proposal 9: Regarding how to explicitly indicate the link direction, two alternatives can be considered:
· Alt 1: Legacy TDD slot configuration indications (i.e., TDD-UL-DL-ConfigDedicated and SFI) can be reused and reinterpreted to indicate UE specific link direction in SBFD symbols.
· Alt 2: Design new signaling, e.g., higher layer signaling and/or DCI, to indicate the link direction of the SBFD symbol.
Frequency domain behaviour
	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.


As the discussion in section 2.3, the SBFD subband and guardband indication is based on the location and bandwidth of carrier. But from one SBFD aware UE’s perspective, it should always work within its active DL/UL BWP. The DL/UL BWP’s frequency resource range may be not the same as the UL/DL subbands. Therefore, it is necessary to discuss the relationship between SBFD subbands and UE’s active BWP and the related UE behaviour in frequency domain.
In RAN1#116 meeting, it was agreed to introduce concepts of UL usable PRBs and DL usable PRBs, wherein, 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.
In our view, UL usable PRBs and DL usable PRBs can be used for resource allocation. For example, if active DL BWP covers both DL subbands and UL subband, and if the allocated DL resources indicated by DCI covers both DL subbands and UL subband, then only DL resources within DL usable PRBs are actually allocated to the UE, i.e., PRBs in UL subband are precluded.
Proposal 10: UL usable PRBs and DL usable PRBs can be used for resource allocation, i.e., only the scheduled resources within usable PRBs are actually allocated to the UE.


Case 1: {DUD} SBFD subband configuration


Case 2: {DU} SBFD subband configuration
[bookmark: _Ref162450761]Figure 5. Usable PRBs in SBFD symbol
Regarding how to determine UL/DL usable PRBs, Option 1 is preferred for simplification and less signaling overhead. As shown in Figure 5, UL usable PRBs are determined as intersection between cell-specific UL subband and active UL BWP in SBFD symbols, i.e., UL usable PRBs in SBFD symbols = UL BWP  UL SBFD subband, and DL usable PRBs are determined as intersection between cell-specific DL subband(s) and active DL BWP in SBFD symbols, i.e., DL usable PRBs in SBFD symbols = DL BWP  DL SBFD subbands. In addition, considering the definition of UL/DL usable PRBs is always confined within UE’s active UL/DL BWP, there is no BWP switching between SBFD symbols and non-SBFD symbols.
We don’t support Option 2. Considering SBFD subband configuration are carrier specific, not BWP specific, based on the agreement of “the subband frequency-domain resources are same across different SBFD symbols within a TDD carrier” achieved in the last RAN1 meeting, if Option 2 is supported, it is equivalent to support BWP specific SBFD subband configuration, which deviates the consensus. In addition, Option 2 needs lots of signaling overhead to configure the size of usable PRBs in each BWP.
Proposal 11: For determining UL/DL usable PRBs, support Option 1.
· 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.
FDRA enhancements in SBFD symbols
FDRA across two DL subbands
PDSCH
When {DUD} pattern is configured for SBFD, the two DL subbands are non-contiguous in the frequency domain. This will affect the resource allocation for PDSCH with RA Type 1 in SBFD symbols because RA Type 1 allocates consecutive frequency resources through an RIV. Similar issue exists in the resource allocation for CSI-RS in SBFD symbols.
For PDSCH with RA Type 1 in SBFD symbols, the simplest method is allocating contiguous resources only in one DL subband, which however will significantly reduce the efficiency of resource utilization and the system throughput. Therefore, to utilize the frequency resources more efficiently, it is preferred to allocate non-contiguous frequency resources across two DL subbands. 
In RAN1#116bis meeting, the following agreement was made for frequency domain resource allocation Type 1 for PDSCH.
	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 
· [bookmark: _Hlk165896987]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


Among the options given in the above agreement, Options 1-1 and 1-2 can be achieved by allocating contiguous VRB resources first via the RIV indicated by the FDRA field and then performing rate matching for PDSCH on the invalid PRBs that fall outside DL usable PRBs. The RB indexing and VRB-to-PRB mapping in the current specification are used for both Options 1-1 and 1-2. The main difference between the two options lies in the number of PRBs used for TBS determination. For Option 1-2, the number of PRBs for TBS determination is based on the assigned PRBs as in the current specification. This may lead to a significantly increased code rate in the case that a large portion of assigned PRBs fall outside the DL usable PRBs. Option 1-1 can avoid this issue by determining TBS based on the assigned PRBs within DL usable PRBs only.
Different from the rate matching used in Options 1-1 and 1-2, Options 2 and 3 ensure the allocated VRBs are mapped to DL usable PRBs only by introducing new RB indexing/PRB bundle indexing and new VRB-to-PRB mapping interleaver, respectively. Option 2 can be used with or without the VRB-to-PRB mapping interleaver enabled while Option 3 is only applicable when the VRB-to-PRB mapping interleaver is enabled. In addition, compared to Option 3, Option 2 has a better adaptation to different configurations of SBFD subband and usable PRBs.
In a summary, both Option 1-1 and Option 2 can be applied in with or without the VRB-to-PRB mapping interleaver cases, and have some benefits than Option 1-2 and Option 3. Thus, we think these two options can be prioritized.
Proposal 12: For frequency domain resource allocation Type 1 for PDSCH in a single slot scheduled at least by DCI format in USS, prioritize the Option 1-1 and Option 2.

The non-contiguous DL subbands will also affect the wideband precoding of PDSCH. In the current specification, the precoding resource block group (PRG) is defined for PRB bundling procedures for PDSCH. A PRG consists of  consecutive RBs in the frequency domain and the size of PRG, i.e.,  can be equal to one of the values among {2, 4, wideband}. The UE may assume the same precoding is applied for the consecutive PRBs in a PRG. 
When the wideband PRG is configured, in the current specification, UE is not expected to be scheduled with non-contiguous PRBs and the UE may assume that the same precoding is applied to the allocated resources. In SBFD symbols, considering the configured DL and UL subbands, the following two options were studied for wideband PRG in Rel-18 [3].
-	Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
-	Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
As analyzed in TR 38.858, Option 1 can achieve better scheduling flexibility and higher DL data rate but requires UE to handle two non-contiguous segments of contiguous RBs that may increase UE complexity for channel estimation. Therefore, we think both Option 1 and Option 2 can be supported and Option 1 may or may not need advanced UE capability.
Proposal 13: For wideband PRG, support non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated. FFS whether additional UE capability is needed for it.

CSI-RS
Similarly, the resource allocation of CSI-RS also needs some enhancements across two DL subbands and the followings are some candidate solutions during the Rel-18 SI [3]:
	Frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs are studied considering the following options:
-	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
[bookmark: _Hlk156843348]-	Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s) 


Regarding the three options, Option 1 can be precluded first due to larger overhead of CSI-RS resource configuration, especially considering the maximum number of CSI-RS supported by UE is limited. As the comparison between Option 2-1 and Option 2-2, the later one is preferred because this option can enable the single CSI-RS resource configuration across SBFD symbols and non-SBFD symbols which has been included in the Rel-19 WI scope. For example, for one periodic CSI-RS, UE assumes the whole frequency resource is valid in non-SBFD symbols and excludes frequency resources outside DL subband (s) in SBFD symbols. For Option 2-1, one CSI-RS resource configuration cannot be shared between SBFD symbols and non-SBFD symbols which is not an efficient method and Option 2-1 also requires new RRC structure to configure non-contiguous RBs for one CSI-RS resource with larger specification effort. 
As the discussion above, for PDSCH Type 1 resource allocation, Option 1-1 can be used to rate match PDSCH on unusable PRBs. The same rate matching pattern can be applied on CSI-RS as well because the unusable PRBs are the same between PDSCH and CSI-RS.
Proposal 14: For frequency resource allocation for CSI-RS across downlink subbands, support Option 2-2, i.e., one contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband(s) for SBFD-aware UEs.
Handling of unaligned boundaries 
RBG
Before discussing the issue about unaligned boundaries between SBFD subband(s) and RBG, we first discuss the resource allocation granularity, i.e., RBG size for RA Type 0 in SBFD symbols. 
For non-SBFD symbols, the RBG size P of RA Type 0 for PDSCH/PUSCH in non-SBFD symbols is determined by higher layer parameter rbg-size and the size of DL/UL BWP, according to Table 5.1.2.2.1-1 in TS 38.214. For SBFD symbols, two options can be considered for RBG size determination, that is,
· Option 1: RBG size is determined based on the size of DL/UL BWP
· Option 2: RBG size is determined based on the size of DL/UL usable PRBs as the definition in section 3.2
Option 1 means the same RBG size is used for both SBFD symbols and non-SBFD symbols, which further implies that the size of FDRA field in DCI is constant in SBFD symbols and non-SBFD symbols. This method leads to simpler implementation but also coarser granularity of frequency resource allocation, which will limit the scheduling flexibility of gNB, especially for the frequency resources around the boundaries of DL and UL subbands.   
In Option 2, the RBG sizes corresponding to SBFD symbols and non-SBFD symbols are determined by the sizes of available DL/UL frequency resource and DL/UL BWP, respectively. This may lead to different RBG sizes for SBFD symbols and non-SBFD symbols, denoted by P1 and P2, respectively. For example, when the bandwidth of DL BWP is 60MHz and the bandwidth of DL subband(s) is 40MHz, the corresponding RBG sizes for SBFD symbols and non-SBFD symbols are P1=16 and P2=8, respectively, assuming Configuration 1 is configured through higher layer parameter rbg-size. In this case, how to define the size of FDRA field in DCI scheduling PDSCH should be considered. This enhancement is more helpful for the case that the UL BWP is 100MHz and the UL subband is 20MHz. To avoid increasing the blind detection complexity of UE, a constant FDRA filed size is preferred for SBFD symbols and non-SBFD symbols, e.g., the bit width of FDRA filed is according to the maximum number of RBGs in SBFD symbols and non-SBFD symbols., The FDRA field size in Option 2 may be increased compared to Option 1 but can provide finer granularity of frequency resource allocation for improving the resource utilization efficiency.
[image: 1698216239879]
Proposal 15: For the PDSCH/PUSCH resource allocation granularity for RA Type 0 in SBFD symbols, the following two options can be considered:
· Option 1: RBG size is determined based on the size of DL/UL BWP;
· Option 2: RBG size is determined based on the size of DL/UL usable PRBs. 
After the RBG size for SBFD symbols is determined, all the PRBs in the DL BWP will be segmented into N RBGs accordingly. At this time, the boundaries of some RBGs and SBFD subbands may be unaligned. Regarding a DL/UL RBG overlapping with the UL/DL subband(s), the last RAN1#116bis meeting achieved the following agreement, which indicates that the partial DL/UL RBG(s) inside the DL/UL subband can be allocated for DL reception/UL transmission when the corresponding bit value in FDRA is “1”. 
	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.



PRG
When the PRG size is configured to 2 or 4, similar to RBG, the boundaries of PRGs and SBFD subbands may be unaligned, which will lead to partial PRGs around the subband boundaries. In the current specification, there are partial PRGs around the BWP boundaries if the BWP boundaries are not aligned with the PRG grid. Besides, when the PDSCH resource allocation for RA Type 1 is not aligned with the PRG grid, there are also partial PRGs. In these cases, the partial PRGs that are actually used for transmission. Similarly, for the PRG(s) with size of 2 and 4 that overlaps with subband boundaries, UE also can use the partial PRGs with PRBs inside DL subband(s) according to the current specifications. The only difference is the number of partial PRGs is doubled when there are two DL subbands in SBFD symbols.
Proposal 16: For the PRG(s) with size of 2 and 4 that overlaps with subband boundaries, UE can use the partial PRGs with PRBs inside DL subband(s) according to the current specifications.

CSI-RS resource
In legacy CSI-RS configuration, the bandwidth of CSI-RS must be an integer of 4 RBs. As the discussion in section 4.1, when a CSI-RS is across two DL subbands, the frequency resource of UL subbands and guardbands are not available for CSI-RS. If only to exclude the RBs for UL subband and guardbands, this will cause the remaining bandwidth of CSI-RS is not an integer of 4 RBs, i.e., less than 4 RBs of CSI-RS may be kept at the boundaries of SBFD subbands. If UE doesn’t have the capability to estimate CSI-RS less than 4 RBs, it is better to maintain the same CSI-RS frequency resource allocation granularity as legacy CSI-RS, that is the partial RBs at the boundaries of SBFD subbands cannot be used as CSI-RS in addition to the UL subbands and guardbands.
Proposal 17: If UE doesn’t have the capability to estimate CSI-RS less than 4 RBs, the partial RBs within DL subbands cannot be used for CSI-RS in case of unaligned boundaries between 4 RB CSI-RS bandwidth granularity and SBFD subbands.

CSI reporting subband
We discussed the granularity of RBG because the configuration of RBG size is related to the BWP size in current NR specification. Similarly, the CSI reporting subband size is also related the DL BWP size and the following options can be further studied
· 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 DL usable PRBs.
The same csi-ReportingBand configuration can be applied to SBFD symbols and non-SBFD symbols in Option 1 without additional configuration, the only enhancement is to define that the CSI subband reporting is dropped or the CSI subband is still used but with less PRBs than normal subband if it is overlapped with DL subbands and guardbands. For Option 2, a finer CSI reporting subband granularity can be used to in SBFD symbols to match the size of available DL frequency resource. However, if the DL BWP size is large, e.g., 100MHz, the size difference between DL BWP and available DL frequency resource, e.g., 80MHz is not significant and the implementation effects of Option 1 and Option 2 is the same.
Proposal 18: For the CSI reporting subband size in SBFD symbols, the following two options can be considered:
· 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 DL usable PRBs.
In current NR specification, the frequency density of each CSI-RS port per PRB in one CSI reporting subband should not less than the configured density of the CSI-RS resource and all PRBs in one CSI reporting subband should have the CSI-IM REs. However, as the discussion above, the partial CSI-RS at the SBFD subband boundaries cannot be used to maintain the same granularity of CSI-RS bandwidth configuration as legacy which will cause there is no CSI-RS on some PRBs in the CSI reporting subband as in Figure 6, in which the red part is the actually transmitted CSI-RS. If the legacy restriction is followed, the subband CSI at the SBFD DL subband boundaries cannot be reported which will cause performance degradation especially considering the non-linear CLI may have different impact on different RBs on the SBFD DL subbands. Therefore, we think even the CSI-RS is not fully allocated in all PRBs in one CSI reporting subband at the boundary of DL SBFD subband, the CSI of this CSI reporting subband can also be reported.


Figure 6. Unaligned boundaries between SBFD subbands and CSI reporting subband
Proposal 19: The CSI of one CSI reporting subband at the boundary of DL SBFD subband can be reported even the CSI-RS is not fully allocated in all PRBs in the CSI reporting subband. 
Physical channels/signals across SBFD and non-SBFD symbols
Multi-slot transmission
Regarding the frequency resource allocation for UL transmissions and DL receptions 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 following agreements were achieved in the last RAN1#116bis meeting.
	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

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



PDSCH/PUSCH repetition/TBoMS
Firstly, we think the main principle to support PDSCH/PUSCH repetition/TBoMS across SBFD symbols and non-SBFD symbols should not increase the DCI size and not degrade repetition/TBoMS performance. The analysis on the listed options is as the following:
· Option 1: separate FDRA configurations/indications for SBFD symbols and non-SBFD symbols will increase the signaling overhead, especially in the case of dynamic scheduling because it needs two separate FDRA fields in DCI. Separate FDRA interpretations for SBFD symbols and non-SBFD symbols imply that UE could respectively interpret the FDRA field of DCI in SBFD symbols and non-SBFD symbols and additional design rules may be required to determine frequency resources separately for SBFD symbols and non-SBFD symbols based on a single FDRA configuration/indication.
· Option 2: also based on a single FDRA configuration/indication and an additional configuration/indication of RB offset(s) is used to determine different frequency resources for SBFD symbols and non-SBFD symbols. To avoid the increase of DCI size, we prefer the RB offsets are determined implicitly.
· Option 3: if a PDSCH/PUSCH overlapping with the RBs outside DL/UL usable PRBs in SBFD symbols is dropped, the actual repetition number will be reduced. This may degrade the repetition performance.
· Option 4: restricts that only PDSCH/PUSCH in one symbol type, i.e., SBFD symbol or non-SBFD symbol, is valid. If the invalid PDSCH/PUSCH(s) is(are) to be dropped, the actual repetition number will be reduced. The number of dropped PDSCH(s) could be larger than that in Option 3, so Option 4 may cause severer degradation of repetition performance.
· Option 5: for a PDSCH/PUSCH overlapping with RBs outside DL/UL usable PRBs in SBFD symbols, rate matching or puncturing can be performed for the PDSCH/PUSCH on the invalid PRBs. Different from the previous four options, Option 5 leads to different number of PRBs to be used for PDSCH/PUSCH repetitions across SBFD symbols and non-SBFD symbols. Besides, another issue that should be considered for Option 5 is the TBS determination. For a PDSCH overlapping with RBs outside DL usable PRBs in SBFD symbols, it should be determined whether the number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs only or is based on the assigned PRBs as legacy. If the legacy TBS determination is adopted, this option would lead to different coding rates between SBFD symbols and non-SBFD symbols and may cause the performance degradation if a large portion of assigned PRBs is outside the DL usable PRBs.
· Option 6: ensures that the PDSCH/PUSCH is scheduled only within DL/UL usable PRBs in SBFD symbols via gNB implementation, which does not introduce additional specification impact. 
As the analysis above, we think Option 2 is much suitable for PDSCH/PUSCH repetition/TBoMS.
SPS/CG
For SPS and Type 2 CG, activation DCI is used to indicate the FDRA, thus the former analysis on different options also applies to SPS and Type 2 CG. For Type 1 CG, the resource allocation is configured by RRC signalling, Option 2 can also work by additional RB offsets configuration without the concern on DCI size increase.
It should be indicated that the above analysis is applicable to the case that the assigned PRBs in each slot are less than the usable PRBs. If the number of assigned PRBs exceeds that of the usable PRBs, Option 5 can be considered instead.
Proposal 20: For PDSCH/PUSCH repetitions, an SPS PDSCH/Type 2 CG PUSCH configuration without repetitions, and TBoMS across SBFD symbols and non-SBFD symbols in different slots where each reception/transmission has either all SBFD or all non-SBFD symbols, if the number of assigned PRBs in SBFD symbols doesn’t exceed the size of UL/DL usable PRBs, support the Option 2.
· Option 2: Single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) determination to determine resource for the other symbol type.

Proposal 21: For a Type 1 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, if the number of assigned PRBs in SBFD symbols doesn’t exceed the size of UL usable PRBs, support the Option 2.
· Option 2: Single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration to determine resource for the other symbol type.
Proposal 22: For UL transmissions and DL receptions 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, if the number of assigned PRBs in SBFD symbols exceeds the size of UL/DL usable PRBs, support the Option 5.
· Option 5: For a PDSCH/PUSCH in a slot overlapping with RBs outside DL/UL usable PRBs in SBFD symbols, only the assigned PRBs within DL/UL usable PRBs are considered to be valid.
Regarding how to determine the RB offset implicitly for PDSCH/PUSCH repetition/TBoMS/SPS/Type 2 CG, we further provide the solutions for RA Type 0 and Type 1, respectively. Specifically, if the assigned PRBs overlap with the unusable resources in SBFD symbols, UE could use some unassigned PRBs within usable PRBs to substitute the overlapped ones according to the determined RB offset(s).
· For RA Type 0, assume the same RBG size and FDRA field size are used for SBFD symbols and non-SBFD symbols in different slots. When UE receives the DCI that indicates FDRA for PDSCH/PUSCH repetition/TBoMS/SPS/Type 2 CG, for non-SBFD symbols, it determines frequency resources according to bitmap in the FDRA field as the legacy procedure. That is, if the bitmap value is 1, the corresponding RBG is allocated to UE, otherwise, the corresponding RBG is not allocated to UE. While for SBFD symbols, if some RBGs allocated to UE overlap with the unusable resources, UE assumes that the bitmap values corresponding to these RBGs change from 1 to 0, which means these RBGs will not be allocated to UE. In the meanwhile, UE could find some other RBGs with bitmap value 0 inside the usable resources to substitute the overlapped ones according to the determined RB offset(s). 
· For RA Type 1, UE determines the frequency domain resources according to RIV indicated by the FDRA field. For non-SBFD symbols, the legacy procedure is used. For SBFD symbols, if the frequency resource allocated to UE overlaps with the unusable resources, the overlapped PRBs can be substituted by some other usable PRBs according to an RB offset. 
Figure 7 shows an example of the above method for RA Type 0, where PDSCH repetitions are scheduled on the non-SBFD slot #0 and SBFD slot #1, and the UL subband and guard bands are unusable for PDSCH reception. It can be observed that there are two RBGs, i.e., RBG 3 and RBG 5 overlapped with the unusable resources, and RBG 2 and RBG 8 inside the DL subbands are used to substitute the overlapped two RBGs, where RBG 2 is determined based on RBG 3 and RB offset 1 while RBG 8 is determined based on RBG 5 and RB offset 2. Since RA Type 0 allocates resources at the granularity of RBG, the RB offsets for RA Type 0 can be K×NRBG, where K≥1 and NRBG denotes the RBG size.



Figure 7. Illustration of PDSCH repetitions with RA Type 0
Figure 8 shows two cases for RA Type 1, where PDSCH repetitions are scheduled on the non-SBFD slot #0 and SBFD slot #1, and the UL subband and guard bands are unusable for PDSCH reception. It can be observed that in both cases, there are some PRBs overlapped with the unusable resources, and some additional PRBs in the upper DL subband are used to substitute the overlapped PRBs according to an RB offset. Assume the RB offset is relative to the highest PRB of the lower DL subband in the example cases. For case 1, the RB offset is equal to N1, where N1 is the size of unusable resources. For case 2, the RB offset is equal to N1+N2, where N1 is the size of unusable resources, N2 is the number of assigned PRBs in upper DL subband. Similarly, the RB offset can also be relative to the lowest PRB of the upper DL subband.


Figure 8. Illustration of PDSCH repetitions with RA Type 1

Proposal 23: For PDSCH repetitions/SPS, regarding Option 2, i.e., single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) determination to determine resource for the other symbol type:
· For RA Type 0, the RB offset(s) can be K×NRBG, where K≥1 and NRBG denotes the RBG size.
· For RA Type 1, 
· The RB offset is relative to the highest PRB of the DL subband with lower frequency domain location or the lowest PRB of the DL subband with higher frequency domain location,
· The RB offset is equal to N1+N2,
· where N1 is the size of unusable resources, 
· N2 is the number of assigned PRBs in DL subband with higher frequency domain location if the RB offset is relative to the highest PRB of the DL subband with lower frequency domain location, or 
· the number of assigned PRBs in DL subband with lower frequency domain location if the RB offset is relative to the lowest PRB of the DL subband with higher frequency domain location.
Similarly for PUSCH repetition RA type 0, the same principle of PDSCH is used with the difference that the RB offset direction is different from PDSCH. For PUSCH repetition RA type 1, the simplest way to shift PUSCH in SBFD symbols is to shift the boundary of assigned PUSCH in non-SBFD symbols to the boundary of UL subband as in Figure 9.


Figure 9. Illustration of PUSCH repetitions with RA Type 1
Proposal 24: For PUSCH repetitions/TBoMS/Type 2 CG, regarding Option 2, i.e., single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) determination to determine resource for the other symbol type:
· For RA Type 0, the RB offset(s) can be K×NRBG, where K≥1 and NRBG denotes the RBG size.
· For RA Type 1, 
· The RB offset is relative to the highest PRB of the assigned PUSCH or the lowest PRB of the assigned PUSCH,
· The RB offset is equal to N1
· N1 is the number of RB gap between highest PRB of the assigned PUSCH and highest PRB of UL subband bound, or 
· The number of RB gap between lowest PRB of the assigned PUSCH and lowest PRB of UL subband bound.

Multi-PDSCH/PUSCH scheduling
Different from the above cases, which the TBS is the same among each transmission and reception, the multiple TBs scheduled by single DCI can be different. Thus in this case we think the Option 1 separate FDRA interpretations for SBFD symbols and non-SBFD symbols can be considered. For example, the bitmap indication in RA type 0 and RIV indication in RA type 1 is based on the RB index and size of DL/UL usable PRBs, and when re-interpretate it in non-SBFD symbols, the bitmap or RIV indication can be scaled according to the size of DL/UL active BWPs, similar to the FDRA scaling when fallback DCI is used in USS.
Proposal 25: For multi-PDSCH/PUSCH scheduled by a single DCI, where each reception/transmission has either all SBFD or all non-SBFD symbols, support Option 1 separate FDRA interpretations for SBFD symbols and non-SBFD symbols
· The FDRA indication is based on the size of DL/UL usable PRBs in SBFD symbols and to be scaled according to the size of DL/UL active BWPs in non-SBFD symbols.
CSI report enhancement
For the CSI enhancement when periodic CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots, the following solutions are identified in the TR:
	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.


As the analysis in the TR, Option 1-1 and Option 2-2 can be supported according to existing specification by gNB’s proper configuration on the periodicities of CSI-RS or configuring the measurement restriction, but both these two options following current specifications have drawbacks. For Option 1-1, it will restrict the gNB configuration flexibility on the CSI-RS time domain resource, and Option 2-2 can only be applied on the measurement with time restriction case. Therefore, we think some enhancements on Option 1-1 and Option 2-2 can also be considered to provide gNB the configuration flexibility and be applied without measurement restriction as the following:
· Option 1-1’: One CSI-ReportConfig is associated with a CSI-RS which is valid in SBFD symbols only and the second CSI-ReportConfig is associated with a second CSI-RS which is valid in non-SBFD symbols only, but the CSI-RS resource can be configured mapping to both SBFD symbols and non-SBFD symbols.
· Option 2-2’: One CSI-ReportConfig is associated with one CSI-RS which contains two sub CSI report configurations. The CSI report is derived based on CSI-RS which can be in SBFD symbols or non-SBFD symbols in different time instances. gNB indicates which sub CSI report configuration is based on the CSI-RS instances in SBFD symbols and which sub CSI report is based on the CSI-RS instances in non-SBFD symbols.
The comparation between the new four options is as the following table:
Table 2. Comparison between different CSI report enhancement options
	Options
	CSI-ReportConfig overhead
	CSI-RS resource configuration overhead
	Other indication information/specification impacts

	Option 1-1’
	Two
	Two
	a CSI-RS is valid within SBFD symbols or non-SBFD symbols

	Option 1-2
	Two
	One
	a CSI report is based on the measurement of CSI-RS instances in SBFD symbols or non-SBFD symbols

	Option 2-1
	One
	Two
	when and how UE to report separate CSI measurements

	Option 2-2’
	One
	One
	a CSI sub-report is based on the measurement of CSI-RS instances in SBFD symbols or non-SBFD symbols


From the table we can see that, the overhead in CSI report configuration and CSI resource configuration in Option 2-2’ is the smallest and the specification impacts are acceptable among different options. For Option 1-1’, 1-2 and 2-2’, gNB needs to indicate the valid symbol type for the associated CSI-RS or the valid measurement instances for the associated CSI report or CSI sub-report. For Option 2-1, new rules on when and how UE to report separate CSI measurement results are needed, e.g., UE reports two CSI measurement results in different CSI report occasions, or multiplex two CSI measurement results in the same UCI. In addition, the framework of CSI sub-configurations has been supported in Rel-18 which can be reused as the baseline for Option 2-2’. From this perspective, Option 2-2’ can be supported.
Proposal 26: The following method can be supported for CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots:
· One CSI-ReportConfig is associated with one CSI-RS which contains two CSI sub-configurations. The CSI report is derived based on CSI-RS which can be in SBFD symbols or non-SBFD symbols in different time instances associated with different sub-configurations. 
UL configurations in SBFD and non-SBFD symbols
SRS
The time and frequency domain resource of SRS is pre-configured by RRC signalling including power control parameter configured per SRS resource set and spatial relation configured per SRS resource. Therefore, separate SRS-config can be configured to UE to enable the different configuration of SRS resource, power control and spatial relationship in SBFD symbols and non-SBFD symbols respectively.
Proposal 27: For the configuration of SRS in SBFD symbols and non-SBFD symbols:
· Separate SRS-config can be configured in SBFD symbols and non-SBFD symbols respectively.

PUSCH
The FDRA determination of single and multiple PUSCH transmission is discussed in section 4.2 and 5.1, including both dynamic scheduling and semi-static transmission, we focus on the discussion of frequency hopping, power control and beam/spatial relation configurations in this section.
In legacy PUSCH frequency hopping, the frequency hopping offset is pre-configured by RRC signalling and indicated by DCI. As the discussion in section 3.2, the UL usable PRBs in SBFD symbols is UL BWP  UL SBFD subband which is smaller than the size of UL BWP, therefore, separate frequency hopping offset lists should be configured to UE in SBFD symbols and non-SBFD symbols to adjust the different frequency resource ranges and the PUSCH frequency hopping formula should also be based on available UL frequency resource in SBFD symbols. Considering the different bandwidth of available UL frequency resource and UL BWP, the number of offset values in the frequencyHoppingOffsetLists may also be different, thus, the bit width of UL frequency hopping offset indicator should be based on the maximum number of offset values configurations.
When PUSCH DMRS bundling is enabled, UE performs PUSCH frequency hopping per N slots (configured by pusch-FrequencyHopping-Interval). In SBFD operation, UE cannot maintain the phase continuity between SBFD symbols and non-SBFD symbols due to different frequency bandwidth and transmission power, thus, separate pusch-FrequencyHopping-Interval can also be configured in SBFD symbols different from non-SBFD symbols.
Proposal 28: For the PUSCH frequency hopping in SBFD symbols and non-SBFD symbols:
· Separate frequencyHoppingOffsetLists and pusch-FrequencyHopping-Interval can be configured in SBFD symbols and non-SBFD symbols respectively.
· The bit width of frequency offset indicator is based on the maximum number of values in two frequencyHoppingOffsetLists.
· The frequency bandwidth in frequency hopping formula is based on the size of UL usable PRBs in SBFD symbols and UL BWP in non-SBFD symbols, respectively.
Regarding the power control parameters, two sets of open loop PUSCH power control parameters can be configured to UE to be used in SBFD symbols and non-SBFD symbols respectively. For the close loop PUSCH power control, two close loop power state can be used in SBFD symbols and non-SBFD symbols respectively as well, but there are some case only one close loop power control state can be used. For example, the PUSCH scheduled by fallback DCI. Therefore, how to differentiate the PUSCH power control adjustment for SBFD symbols and non-SBFD symbols with one close loop power control state should be considered. One solution is that a power offset value between SBFD symbols and non-SBFD symbols can be considered to determine the PUSCH transmission power.
Proposal 29: Separate open loop and close loop power control parameters can be configured in SBFD symbols and non-SBFD symbols respectively. Further study the case only one close loop power control can be used, e.g., PUSCH scheduled by fallback DCI.
The SRI field is used to indicate the beam information for PUSCH transmission. Considering we also discuss the separate configuration of SRS resources in SBFD symbols and non-SBFD symbols in Rel-19, when a PUSCH is transmitted in SBFD symbols or non-SBFD symbols, the SRS resource indicated by SRI associated with the same symbol type can be used as the PUSCH spatial transmission information to solve the beam related issue. 

PUCCH
Different from PUSCH for which the FDRA is indicated by the scheduling DCI, the frequency and time domain resource of PUCCH, including nrofSymbols, startingSymbolIndex, startingPRB and secondHopPRB is configured by RRC signalling. To enable different frequency resource configuration in SBFD symbols and non-SBFD symbols, separate PUCCH-config can be configured to be used in SBFD symbols and non-SBFD symbols respectively. 
For PUCCH carrying HARQ-ACK information, UE can determine which PUCCH-config to be used based on the HARQ-ACK feedback timing or some pre-defined rule, e.g., using one of the PUCCH-config if the HARQ-ACK feedback slot contains both SBFD symbols and non-SBFD symbols. When PUCCH transmission is repeated across SBFD symbols and non-SBFD symbols, the single PRI in the DCI can be used to determine the PUCCH resource from separate PUCCH-config in different symbol types, respectively.
Similar to PUSCH, when PUCCH DMRS bundling is enabled, separate PUCCH frequency hopping interval can be configured to be used in SBFD symbols and non-SBFD symbols respectively to maintain the condition of PUCCH DMRS bundling. In addition, UE may also need to perform PUCCH frequency hopping when transition between SBFD symbols and non-SBFD symbols because in this case the phase continuity cannot be guaranteed.
Regarding the power control and beam/spatial relation configuration, different power control parameters can be associated with separate spatial relation information or UL TCI state configuration which are configured to be used in SBFD symbols and non-SBFD symbols respectively. 
Proposal 30: For the configuration of PUCCH in SBFD symbols and non-SBFD symbols:
· Separate PUCCH-config can be configured in SBFD symbols and non-SBFD symbols respectively.
· When PUCCH DMRS bundling is enabled, separate pucch-TimeDomainWindowLength and pucch-FrequencyHoppingInterval can be configured in SBFD symbols and non-SBFD symbols respectively.
· Separate spatial relation information or UL TCI state with the association with different power control parameters can be configured in SBFD symbols and non-SBFD symbols respectively.
Collision handling
	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



For the legacy TDD network, both gNB and UE work in TDD mode. Thus, inter-DL-UL-directions collision are not allowed at both gNB side and UE side. The following are legacy rules to handle inter-DL-UL-directions collision issue. 
· For Case 1: dynamic DL receptions partial or fully overrides semi-statically configured UL transmissions depends on UE capability if overlapped in time domain.
· For Case 2: dynamic UL transmissions overrides semi-statically configured DL receptions.
· For Case 3: collision is avoided by gNB implementation.
· For Case 4: collision is avoided by gNB implementation.
· For Case 5: UE does not expect SSB to be overlapped with a UL symbol. UE does not transmit PUSCH, PUCCH, PRACH, or SRS if overlapped with SSB.
· For Case 6: UE does not expect PRACH occasion to be overlapped with a DL symbol. UE does not receive PDCCH, PDSCH, or CSI-RS if overlapped with PRACH occasion.
In a summary, in legacy TDD operation, the DL and UL collision is not permitted by gNB’s proper scheduling or configuration, or the dynamic scheduling can override semi-statically scheduling. However, gNB can simultaneously transmit and receive in non-overlapping subbands for SBFD operation. As the study in Rel-18 SI, one of the significant benefits of SBFD is to reduce the UL latency and provide more UL transmission opportunities, but legacy TDD collision handling rule may bring some restrictions on the flexible utilization of resources and cause scheduling latency, especially considering the coexistence of URLLC and eMBB for one UE. Thus, we think some restrictions of legacy collision handling rules can be relaxed in SBFD and the detailed discussions are as the followings. 
Order of collision handling
In the last RAN1 meeting, companies raise an issue on the order of collision handling [1]. In our view, four collision types can be considered:
· Type 1 collision (Resource allocation related): Collision between transmissions/receptions and SBFD subbands, which is related to resource allocation. 
· Transmissions/receptions without any usable PRBs is invalid and dropped.
· If part resources of transmissions/receptions are usable PRBs, whether perform the transmissions/receptions or not needs further study.
· Type 2 collision (Intra-UL-direction collision): Collision between multiple UL transmissions.
· Type 3 collision (UE-specific link direction related): Collision between transmissions/receptions and UE-specific link direction. Transmissions/receptions contradicts to symbol direction based on legacy TDD configuration and UE-specific link direction of the SBFD symbol is invalid and dropped.
· Type 4 collision (Inter-DL-UL-direction collision): Collision between transmissions and receptions in SBFD symbol.
In our view, the following collision handling order as Type 1  Type 2  Type 3  Type 4 can be considered as a starting point, i.e., 
· Step 1 (handle Type 1 collision): first drop transmissions/receptions without available resources to be allocated.
· Step 2 (handle Type 2 collision): if multiple UL transmissions are overlapped in time domain, then follow the legacy rules to solve intra-UL-direction collision.
· Step 3 (handle Type 3 collision): drop transmissions/receptions which contradicts to symbol direction based on legacy TDD configuration and UE-specific link direction of the SBFD symbol, as shown in the green circles in Figure 10.
· Step 4 (handle Type 4 collision): if there are remaining collision issues after Step 3, e.g., some transmissions/receptions in flexible symbols are overlapped in time domain, drop transmissions or receptions based on certain rules as discussed in Section 6.2, as shown in the red circle in Figure 10.


[bookmark: _Ref162467258]Figure 10. Illustration of invalid transmission/reception
Proposal 31: The following collision handling order can be considered as a starting point, i.e., 
· Step 1: drop transmissions/receptions without available resources to be allocated.
· Step 2: if multiple UL transmissions are overlapped in time domain, then follow the legacy rules to solve intra-UL-direction collision.
· Step 3: drop transmissions/receptions which contradicts to symbol direction based on legacy TDD configuration and UE-specific link direction of the SBFD symbol.
· Step 4: if there are remaining collision issues after Step 3, e.g., some transmissions/receptions in flexible symbols are overlapped in time domain, drop transmissions or receptions if they are overlapped in time domain based on certain rules.
Collision handling method
In this section, we focus on how to handle the collision cases in Step 4.
Case 1: dynamically scheduled DL reception vs. semi-statically configured UL transmission
	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



Whether to transmit PUSCH in UL CG occasion is up to UE’s implementation. In legacy NR design, the dynamic DL receptions will always override semi-statically configured UL transmissions. However, if a semi-statically configured UL URLLC transmissions and a dynamic scheduled DL reception with repetition overlap in time domain, UE cannot transmit the PUSCH in UL CG occasion which causes the latency of URLLC service. Thus, it is preferred in some cases to allow semi-statically configured UL transmissions to override dynamic DL receptions with repetition to guarantee the latency requirement. The following options can be considered.
· Option 1 (UL CG override DG DL with repetition): For the overlapped SBFD symbols, the transmission occasion is not available for DG DL with repetition, and UE can transmit UL in the UL CG occasion, that is gNB only receives the UL PUSCH but not transmit the DL PDSCH with repetition in the overlapped SBFD symbols.
· Option 2 (UE decision): For the overlapped SBFD symbols, the transmission occasion is still available for DG DL with repetition, but UE can transmit UL in the UL CG occasion and not receive the DG DL with repetition, that is gNB needs to both receive the UL PUSCH and transmit the DL PDSCH with repetition in the overlapped SBFD symbols.
Considering one UE can be configured with multiple CG configuration, if all UL CG occasions override DG DL with repetition, this will cause the performance degradation of DL. In addition, it is not necessary to allow CG occasion which doesn’t intend for URLLC service to override the DG DL. Therefore, gNB should control which CG can override DG, and two alternatives can be considered:
· Alt 1 (based on gNB configuration): gNB configures UE whether the CG occasions can override DG DL per CG configuration.
· [bookmark: _Hlk166074988]Alt 2 (based on inter-DL-UL priority indication): introduce inter-DL-UL priority and UL CG with higher priority can override DG DL with lower priority.

Proposal 32: Regarding collision Case 1, when semi-statically configured UL transmission overlaps with dynamically scheduled DL reception with repetition, considering the following options to support UL CG override DL DG in some conditions:
· Option 1: The overlapped symbols are only used for UL CG and not used for DL DG with repetition. UE can only transmit UL CG in the overlapped symbols.
· Option 2: The overlapped symbols are both used for UL CG and DL DG with repetition. UE can either transmit UL CG or receive DL DG with repetition in the overlapped symbols.
Regarding the conditions, two alternatives can be considered:
· Alt 1: gNB configures UE for which CG configuration, the UL CG can override DL DG with repetition.
· Alt 2: UL CG with higher priority can override DL DG with repetition with lower priority.

Case 2: semi-statically configured DL reception vs. dynamically scheduled UL transmission
	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



Different from Case 1, the dynamic UL scheduling and semi-statically configured DL receptions are all controlled by gNB which gNB can use the legacy rule, i.e., dynamic UL transmissions overrides semi-statically configured DL receptions to guarantee the difference service requirement. For example, if the SPS is high priority, gNB will not schedule a low priority UL transmission on the overlapped symbols. But if the UL transmission is latency sensitive, e.g., URLLC service, gNB can schedule it to override the SPS. From this perspective, the legacy collision handling rule can still be applied for SBFD.

Case 3: semi-statically configured DL reception vs. semi-statically configured UL transmission
In legacy TDD, the higher layer configured UL transmissions and higher layer configured DL receptions cannot be overlapped in time domain. However, as shown in Figure 9, it should be allowed the configuration flexibility to configure higher layer UL channel/signals and DL channel/signals in the same SBFD symbols. 
To handle such collision issue, three options can be considered:
· Option 1: link direction indication.
· Option 2: gNB configures or pre-defines one direction is prioritized than another direction, e.g., specify UL to override DL.
· Option 3: based on inter-DL-UL priority, which an explicit or implicit priority index is associated with each uplink transmission or downlink reception, and only the uplink transmission (or downlink reception) associated with a high priority can be transmitted (or received).
Proposal 33: Regarding collision Case 3, support semi-statically configured UL transmissions and semi-statically configured DL receptions be configured in the overlapped SBFD symbols. The following options can be considered to determine whether to transmit UL or receive DL.
· Option 1: link direction indication.
· Option 2: gNB configures or pre-defines one direction is prioritized than another direction.
· Option 3: based on inter-DL-UL priority.

Case 4: dynamically scheduled DL reception vs. dynamic scheduled UL transmission
As shown in Figure 11, in some cases, gNB may want to cancel a pre-scheduled uplink transmission from a UE with lower priority, and instead to re-schedule a downlink reception to the same UE with higher priority which comes later, e.g., URLLC service. This new behaviour needs the overriding between dynamic UL transmissions and dynamic DL receptions in overlapped symbols.


[bookmark: _Ref162467932]Figure 11. Example of dynamic DL receptions override dynamic UL transmissions.
It is much complicated and inconvenient to use legacy signalling to achieve such function, e.g., combination of DCI format 2_4 (CI) to cancel the previous uplink and DCI format 1_x (DL grant) to schedule the latter downlink. Nevertheless, the indicated resource granularity of CI may be unmatched with the pre-scheduled uplink transmission, and other UEs may be affected by CI (i.e., external costs) since DCI format 2_4 is scrambled by CI-RNTI. 
Instead, the better choice is to support that the post-scheduled reception/transmission can cancel the pre-scheduled transmission/reception, and the detailed behaviours are as the following:
· when inter-DL-UL priority is not provided, post-scheduled transmission/reception to cancel a pre-scheduled reception/transmission, e.g., as shown in Figure 10, assume an uplink transmission starts in symbol j1 as scheduled by a PDCCH ending in symbol i1, and a downlink reception starts in symbol j2 as by a PDCCH ending in symbol i2 on a scheduling cell, and i1 is no later than i2. If i2 is at least M1 symbols before j1, then the post-scheduled downlink reception overrides the pre-scheduled uplink transmission, otherwise the pre-scheduled uplink transmission overrides the post-scheduled downlink reception.
· when inter-DL-UL priority is provided: Only the uplink transmission (or downlink reception) associated with a high priority can be transmitted (or received), if the uplink transmission and the downlink reception would overlap in time domain.
Proposal 34: Regarding collision Case 4, support a post-scheduled transmission/reception to cancel a pre-scheduled reception/transmission. 
· when inter-DL-UL priority is not provided, later scheduling can override previous scheduling without priority indication.
· when inter-DL-UL priority is provided, later scheduling with higher priority can override previous scheduling with lower priority.

Case 5: SSB vs. dynamically scheduled or configured UL transmission
In Rel-18 SI, we discussed whether SBFD operation in SSB symbols is supported or not. The permission of UL transmission in SSB symbols can provide more UL transmission opportunities but will also cause negative impact on SSB detection due to the UE-to-UE CLI.
In our view, an UL subband can be configured in an SSB symbol. Whether the UL transmission in SSB symbols is allowed or not should subject to certain conditions, e.g.,
· Base on gNB configuration. In this case, whether the UL transmission in SSB symbols is allowed or not should be under gNB’s control. The default behaviour can be that no UL transmission is allowed on SSB symbols, but if network has confidence that the CLI impacts on SSB measurements is negligible in some scenarios, gNB can configure SBFD aware UE to transmit UL on some SSB symbols to further improve the UL performance, otherwise, it can be configured that UL transmission on SSB symbols are not allowed. As an example, gNB can configure some UL transmission opportunities on some SSB symbols using a periodic time window which can be larger than the SSB periodicity.
· Tx power below a predefined threshold.
· Frequency domain distance between SSB and UL transmission. 
Another issue is that whether gNB can transmit DL on the UL subband in the SSB symbols (configured with SBFD subbands) if UL transmission is not allowed on these symbols. From our understanding, it will cause frequent transition between SBFD operation and non-SBFD operation from gNB side if this is allowed, and more guard periods may be needed.
Proposal 35: An UL subband can be configured in an SSB symbol. 
Proposal 36: Whether the UL transmission in SSB symbols is allowed or not should subject to certain conditions, e.g., 
· Base on gNB configuration. 
· Tx power below a predefined threshold.
· Frequency domain distance between SSB and UL transmission. 
Proposal 37: For a SSB symbol, if UL transmission is not allowed in the UL subband, the UL subband is also not allowed to be used for DL transmission.

Case 6: Dynamic or semi-static DL vs. valid RO
Similar to half-duplex FDD RedCap UE, if a dynamic or semi-static DL transmission is overlapped with a valid RO in SBFD symbol, a SBFD-aware UEs in TDD mode must choose to transmission PRACH or receive DL, but gNB can simultaneously transmit and receive.
There may be some difference between SBFD-aware UEs and half-duplex FDD RedCap UE, e.g., PRACH transmissions in UL subband in SBFD symbols may cause UE-to-UE CLI for some deployment scenarios. Luckly, it is observed in the last RAN1 meeting that initial studies based on two companies’ evaluation results, the DL performance degradation due to UE-to-UE CLI caused by PRACH transmission in SBFD symbols is not significant for indoor office scenario and Urban Macro scenario [1]. Thus, the difference between SBFD-aware UEs and half-duplex FDD RedCap UE may be not significant.
	Conclusion
If PRACH is allowed in SBFD symbols for SBFD-aware UEs in RRC_IDLE/INACTIVE mode, RAN1 observed the following:
· The benefits include at least one or more of the following:
· reduced random access latency
· reduced PRACH collision probability or allowing more contiguous frequency resources for PUSCH in UL slots
· improved coverage of PRACH with sparse UL resources
· increased cell range of PRACH with sparse UL resources
· PRACH transmissions in UL subband in SBFD symbols may cause UE-to-UE CLI (similar to the case of RRC connected mode UEs) for some deployment scenarios. Initial studies based on two companies’ evaluation results, the DL performance degradation due to UE-to-UE CLI caused by PRACH transmission in SBFD symbols is not significant for indoor office scenario and Urban Macro scenario.


Thus, the following collision handling rule of half-duplex FDD RedCap UE can be considered as a starting point, i.e.,
· If a PDCCH triggered PRACH is overlapped with SSB, drop PRACH.
· If a PDCCH triggered PRACH is overlapped with a semi-static DL, PDCCH overrides semi-static DL.
· If a higher layer triggered PRACH is overlapped with SSB (or dynamic DL, or semi-static DL), UE can select based on its implementation whether to either transmit the PRACH or receive SSB (or dynamic DL, or semi-static DL).
Proposal 38: Regarding collision between dynamic or semi-static DL vs. valid RO for SBFD symbols (Case 6), the following collision handling rule of half-duplex FDD RedCap UE can be considered as a starting point, i.e.,
· If a PDCCH triggered PRACH is overlapped with SSB, drop PRACH.
· If a PDCCH triggered PRACH is overlapped with a semi-static DL, PDCCH overrides semi-static DL.
· If a higher layer triggered PRACH is overlapped with SSB (or dynamic DL, or semi-static DL), UE can select based on its implementation whether to either transmit the PRACH or receive SSB (or dynamic DL, or semi-static DL).
Inter-DL-UL-direction priority
As the discussion in section 6.2, inter-DL-UL priority is one of the collision handling solutions. To enable inter-DL-UL priority, an explicit or implicit priority index needs to be associated with each uplink transmission or downlink reception, wherein, the priority index can be used to indicate the inter-DL-UL-directions prioritization. Compare the legacy intra-UL-direction prioritization indication (e.g., “Priority indicator” field in DCI, “phy-PriorityIndex” in ConfiguredGrantConfig IE), the following options can be considered.
· Option 1 (additional inter-DL-UL-direction dedicated priority index): In addition to the legacy intra-UL-direction prioritization indication, introduce a new inter-DL-UL-direction dedicated priority index. In this case, the new priority index handles inter-DL-UL-direction collision issues, and the old priority index handles intra-UL-direction collision issues.
· Option 2 (unified priority index): extending the functionality of the legacy priority index to support both intra-UL-direction prioritization (old functionality) and inter-DL-UL-directions prioritization (new functionality). In this case, a unified priority index can handle both inter-DL-UL-direction collision issues and intra-UL-direction collision issues.
· Option 2A: Extend the bit width of the legacy priority index field, e.g., extending from 1bit to 2bits, to support more potential priority combinations.
· Option 2B: Keep the bit width of the legacy priority index field unchanged with the field meaning to be reinterpreted. 
· For example, the 1bit priority index in DCI format 1_1/1_2 can both indicate the priority of the scheduled PDSCH and its corresponding HARQ-ACK, while the scheduled PDSCH and its corresponding HARQ-ACK share the same priority.
Compared with Option 1, Option 2 has smaller spec impacts and can be considered as first priority.
Proposal 39: To enable inter-DL-UL priority indication, extending the functionality of the legacy physical priority indication to support both intra-UL-direction prioritization and inter-DL-UL-directions prioritization. 
Conclusions
In this contribution, we discuss the transmission, reception and measurement procedure of SBFD aware UE in SBFD symbols and the following proposals are made.
Proposal 1: Confirm the working assumption made in RAN1#116 on SBFD subband indication.
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.
Proposal 2: At least support SIB based signalling to indicate cell-specific configuration on time and frequency location of SBFD subbands.
Proposal 3: Additional support UE-specific RRC dedicated signalling to reconfigure the frequency location of DL subband(s) or guardband(s).
Proposal 4: Regarding the SBFD subband periodicity when only one TDD-UL-DL pattern is configured, support Option 1.
· Option 1: The period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
Proposal 5: Regarding the SBFD subband periodicity when two TDD-UL-DL patterns are configured, one or two SBFD patterns are (separately) configured each with SBFD periodicity = P + P2.
Proposal 6: For the time location indication of SBFD subbands:
· The time location of SBFD subband(s) is configured by the manner of configuring a starting symbol and a length within the TDD UL/DL pattern period.
· Guard periods can be explicitly configured outside the SBFD subband time location to avoid mapping resources on them.
Proposal 7: Regarding semi-static indication of SBFD subband frequency location, support Option 2.
· 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).
· The number of RBs for guardband(s) is no less than zero.
Proposal 8: For SBFD-aware UE transmission and reception in an SBFD symbol, support Option 2 to determine link direction, i.e. whether to transmit or to receive in the SBFD symbol. 
· Option 2: link direction is indicated by gNB explicitly.
Proposal 9: Regarding how to explicitly indicate the link direction, two alternatives can be considered:
· Alt 1: Legacy TDD slot configuration indications (i.e., TDD-UL-DL-ConfigDedicated and SFI) can be reused and reinterpreted to indicate UE specific link direction in SBFD symbols.
· Alt 2: Design new signaling, e.g., higher layer signaling and/or DCI, to indicate the link direction of the SBFD symbol.
Proposal 10: UL usable PRBs and DL usable PRBs can be used for resource allocation, i.e., only the scheduled resources within usable PRBs are actually allocated to the UE.
Proposal 11: For determining UL/DL usable PRBs, support Option 1.
· 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.
Proposal 12: For frequency domain resource allocation Type 1 for PDSCH in a single slot scheduled at least by DCI format in USS, prioritize the Option 1-1 and Option 2.
Proposal 13: For wideband PRG, support non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated. FFS whether additional UE capability is needed for it.
Proposal 14: For frequency resource allocation for CSI-RS across downlink subbands, support Option 2-2, i.e., one contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband(s) for SBFD-aware UEs.
Proposal 15: For the PDSCH/PUSCH resource allocation granularity for RA Type 0 in SBFD symbols, the following two options can be considered:
· Option 1: RBG size is determined based on the size of DL/UL BWP;
· Option 2: RBG size is determined based on the size of DL/UL usable PRBs. 
Proposal 16: For the PRG(s) with size of 2 and 4 that overlaps with subband boundaries, UE can use the partial PRGs with PRBs inside DL subband(s) according to the current specifications.
Proposal 17: If UE doesn’t have the capability to measure CSI-RS less than 4 RBS, the partial RBs within DL subbands cannot be used for CSI-RS in case of unaligned boundaries between 4 RB CSI-RS bandwidth granularity and SBFD subbands.
Proposal 18: For the CSI reporting subband size in SBFD symbols, the following two options can be considered:
· 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 DL usable PRBs.
Proposal 19: The CSI of one CSI reporting subband at the boundary of DL SBFD subband can be reported even the CSI-RS is not fully allocated in all PRBs in the CSI reporting subband. 
Proposal 20: For PDSCH/PUSCH repetitions, an SPS PDSCH/Type 2 CG PUSCH configuration without repetitions, and TBoMS across SBFD symbols and non-SBFD symbols in different slots where each reception/transmission has either all SBFD or all non-SBFD symbols, if the number of assigned PRBs in SBFD symbols doesn’t exceed the size of UL/DL usable PRBs, support the Option 2.
· Option 2: Single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) determination to determine resource for the other symbol type.
Proposal 21: For a Type 1 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, if the number of assigned PRBs in SBFD symbols doesn’t exceed the size of UL usable PRBs, support the Option 2.
· Option 2: Single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) configuration to determine resource for the other symbol type.
Proposal 22: For UL transmissions and DL receptions 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, if the number of assigned PRBs in SBFD symbols exceeds the size of UL/DL usable PRBs, support the Option 5.
· Option 5: For a PDSCH/PUSCH in a slot overlapping with RBs outside DL/UL usable PRBs in SBFD symbols, only the assigned PRBs within DL/UL usable PRBs are considered to be valid.
Proposal 23: For PDSCH repetitions/SPS, regarding Option 2, i.e., single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) determination to determine resource for the other symbol type:
· For RA Type 0, the RB offset(s) can be K×NRBG, where K≥1 and NRBG denotes the RBG size.
· For RA Type 1, 
· The RB offset is relative to the highest PRB of the DL subband with lower frequency domain location or the lowest PRB of the DL subband with higher frequency domain location,
· The RB offset is equal to N1+N2,
· where N1 is the size of unusable resources, 
· N2 is the number of assigned PRBs in DL subband with higher frequency domain location if the RB offset is relative to the highest PRB of the DL subband with lower frequency domain location, or 
· the number of assigned PRBs in DL subband with lower frequency domain location if the RB offset is relative to the lowest PRB of the DL subband with higher frequency domain location.
Proposal 24: For PUSCH repetitions/TBoMS/Type 2 CG, regarding Option 2, i.e., single FDRA configuration/indication for one symbol type (SBFD or non-SBFD symbol) and RB offset(s) determination to determine resource for the other symbol type:
· For RA Type 0, the RB offset(s) can be K×NRBG, where K≥1 and NRBG denotes the RBG size.
· For RA Type 1, 
· The RB offset is relative to the highest PRB of the assigned PUSCH or the lowest PRB of the assigned PUSCH,
· The RB offset is equal to N1
· N1 is the number of RB gap between highest PRB of the assigned PUSCH and highest PRB of UL subband bound, or 
· The number of RB gap between lowest PRB of the assigned PUSCH and lowest PRB of UL subband bound.
Proposal 25: For multi-PDSCH/PUSCH scheduled by a single DCI, where each reception/transmission has either all SBFD or all non-SBFD symbols, support Option 1 separate FDRA interpretations for SBFD symbols and non-SBFD symbols
· The FDRA indication is based on the size of DL/UL usable PRBs in SBFD symbols and to be scaled according to the size of DL/UL active BWPs in non-SBFD symbols.
Proposal 26: The following method can be supported for CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots:
· One CSI-ReportConfig is associated with one CSI-RS which contains two CSI sub-configurations. The CSI report is derived based on CSI-RS which can be in SBFD symbols or non-SBFD symbols in different time instances associated with different sub-configurations. 
Proposal 27: For the configuration of SRS in SBFD symbols and non-SBFD symbols:
· Separate SRS-config can be configured in SBFD symbols and non-SBFD symbols respectively.
Proposal 28: For the PUSCH frequency hopping in SBFD symbols and non-SBFD symbols:
· Separate frequencyHoppingOffsetLists and pusch-FrequencyHopping-Interval can be configured in SBFD symbols and non-SBFD symbols respectively.
· The bit width of frequency offset indicator is based on the maximum number of values in two frequencyHoppingOffsetLists.
· The frequency bandwidth in frequency hopping formula is based on the size of available UL frequency resource in SBFD symbols and non-SBFD symbols, respectively.
Proposal 29: Separate open loop and close loop power control parameters can be configured in SBFD symbols and non-SBFD symbols respectively. Further study the case only one close loop power control can be used, e.g., PUSCH scheduled by fallback DCI.
Proposal 30: For the configuration of PUCCH in SBFD symbols and non-SBFD symbols:
· Separate PUCCH-config can be configured in SBFD symbols and non-SBFD symbols respectively.
· When PUCCH DMRS bundling is enabled, separate pucch-TimeDomainWindowLength and pucch-FrequencyHoppingInterval can be configured in SBFD symbols and non-SBFD symbols respectively.
· Separate spatial relation information or UL TCI state with the association with different power control parameters can be configured in SBFD symbols and non-SBFD symbols respectively.
Proposal 31: The following collision handling order can be considered as a starting point, i.e., 
· Step 1: drop transmissions/receptions without available resources to be allocated.
· Step 2: if multiple UL transmissions are overlapped in time domain, then follow the legacy rules to solve intra-UL-direction collision.
· Step 3: drop transmissions/receptions which contradicts to symbol direction based on legacy TDD configuration and UE-specific link direction of the SBFD symbol.
· Step 4: if there are remaining collision issues after Step 3, e.g., some transmissions/receptions in flexible symbols are overlapped in time domain, drop transmissions or receptions if they are overlapped in time domain based on certain rules.
Proposal 32: Regarding collision Case 1, when semi-statically configured UL transmission overlaps with dynamically scheduled DL reception with repetition, considering the following options to support UL CG override DL DG in some conditions:
· Option 1: The overlapped symbols are only used for UL CG and not used for DL DG with repetition. UE can only transmit UL CG in the overlapped symbols.
· Option 2: The overlapped symbols are both used for UL CG and DL DG with repetition. UE can either transmit UL CG or receive DL DG with repetition in the overlapped symbols.
Regarding the conditions, two alternatives can be considered:
· Alt 1: gNB configures UE for which CG configuration, the UL CG can override DL DG with repetition.
· Alt 2: UL CG with higher priority can override DL DG with repetition with lower priority.
Proposal 33: Regarding collision Case 3, support semi-statically configured UL transmissions and semi-statically configured DL receptions be configured in the overlapped SBFD symbols. The following options can be considered to determine whether to transmit UL or receive DL.
· Option 1: link direction indication.
· Option 2: gNB configures or pre-defines one direction is prioritized than another direction.
· Option 3: based on inter-DL-UL priority.
Proposal 34: Regarding collision Case 4, support a post-scheduled transmission/reception to cancel a pre-scheduled reception/transmission. 
· when inter-DL-UL priority is not provided, later scheduling can override previous scheduling without priority indication.
· when inter-DL-UL priority is provided, later scheduling with higher priority can override previous scheduling with lower priority.
Proposal 35: An UL subband can be configured in an SSB symbol. 
Proposal 36: Whether the UL transmission in SSB symbols is allowed or not should subject to certain conditions, e.g., 
· Base on gNB configuration. 
· Tx power below a predefined threshold.
· Frequency domain distance between SSB and UL transmission. 
Proposal 37: For a SSB symbol, if UL transmission is not allowed in the UL subband, the UL subband is also not allowed to be used for DL transmission.
Proposal 38: Regarding collision between dynamic or semi-static DL vs. valid RO for SBFD symbols (Case 6), the following collision handling rule of half-duplex FDD RedCap UE can be considered as a starting point, i.e.,
· If a PDCCH triggered PRACH is overlapped with SSB, drop PRACH.
· If a PDCCH triggered PRACH is overlapped with a semi-static DL, PDCCH overrides semi-static DL.
· If a higher layer triggered PRACH is overlapped with SSB (or dynamic DL, or semi-static DL), UE can select based on its implementation whether to either transmit the PRACH or receive SSB (or dynamic DL, or semi-static DL).
Proposal 39: To enable inter-DL-UL priority indication, extending the functionality of the legacy physical priority indication to support both intra-UL-direction prioritization and inter-DL-UL-directions prioritization. 
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Table 5.1.2.2.1-1: Nominal RBG size P

Bandwidth Part Size Configuration 1 Configuration 2
1-36 2 4
37-72 4 8
73 -144 8 16
145 - 275 16 16





image8.emf
DL BWP

CSI reporting 

subband 1

UL subband+guard 

bands

CSI reporting 

subband 2

CSI reporting 

subband 3


Microsoft_Visio_Drawing6.vsdx
DL BWP





























CSI reporting subband 1
UL subband+guard bands
CSI reporting subband 2













CSI reporting subband 3



image9.emf
Slot#0

DL BWP

D

D

U

D

D

D

D

D

U U U

non-SBFD 

symbols

SBFD symbols

non-SBFD 

symbols

Carrier bandwidth

Slot#0 Slot#1 Slot#2 Slot#3 Slot#4

DCI FDRA bitmap: 

0 

1 

0 

1

 

0 

1

 

0 

1

 

0 

1

RBG0

RBG1

RBG2

RBG9

UL subband+guard 

bands

Bitmap permutation

Slot#1

DL BWP

RBG0

RBG1

RBG2

RBG9

PDSCH

Rep#0

PDSCH

Rep#1

RB offset2

RB offset1

RBG8


Microsoft_Visio_Drawing7.vsdx
Slot#0

DL BWP

















































D
D
U
D
D
D
D
D
U
U
U
non-SBFD 
symbols
SBFD symbols
non-SBFD 
symbols
Carrier bandwidth
Slot#0
Slot#1
Slot#2
Slot#3
Slot#4
DCI FDRA bitmap: 
0 1 0 1 0 1 0 1 0 1
RBG0
RBG1
RBG2
RBG9
UL subband+guard bands
Bitmap permutation
Slot#1

DL BWP

















































RBG0
RBG1
RBG2
RBG9
PDSCH
Rep#0
PDSCH
Rep#1
RB offset2
RB offset1
RBG8



image10.emf
D

D

D

D

D

D

U U U

non-SBFD 

symbols

SBFD symbols

non-SBFD 

symbols

Carrier bandwidth

Slot#0 Slot#1 Slot#2 Slot#3 Slot#4

PDSCH

Rep#0

PDSCH

Rep#1

RB offset

D

(a) Case 1

D

D

D

D

D

D

U U U

non-SBFD 

symbols

SBFD symbols

non-SBFD 

symbols

Carrier bandwidth

Slot#0 Slot#1 Slot#2 Slot#3 Slot#4

PDSCH

Rep#0

RB offset

D

(b) Case 2

PDSCH

Rep#1


Microsoft_Visio_Drawing8.vsdx

D
D
D
D
D
D
U
U
U
non-SBFD 
symbols
SBFD symbols
non-SBFD 
symbols
Carrier bandwidth
Slot#0
Slot#1
Slot#2
Slot#3
Slot#4
PDSCH
Rep#0

PDSCH
Rep#1
RB offset
D
(a) Case 1

D
D
D
D
D
D
U
U
U
non-SBFD 
symbols
SBFD symbols
non-SBFD 
symbols
Carrier bandwidth
Slot#0
Slot#1
Slot#2
Slot#3
Slot#4
PDSCH
Rep#0


RB offset
D
(b) Case 2
PDSCH
Rep#1



image11.emf
D

D

D

D

D

D

U U U

non-SBFD 

symbols

SBFD symbols

non-SBFD 

symbols

Carrier bandwidth

Slot#0 Slot#1 Slot#2 Slot#3 Slot#4

RB offset

D

PUSCH

PUSCH


Microsoft_Visio_Drawing9.vsdx

D
D
D
D
D
D
U
U
U
non-SBFD 
symbols
SBFD symbols
non-SBFD 
symbols
Carrier bandwidth
Slot#0
Slot#1
Slot#2
Slot#3
Slot#4

RB offset
D
PUSCH
PUSCH



image12.emf
SPS

X X X X U

CG

SFI = F SFI = D

PDSCH

CG

SFI = U

SPS

PUSCH

D

TDD config 

common 

D D D U

exist inter-DL-UL-directions collision issue

no inter-DL-UL-directions collision issue


Microsoft_Visio_Drawing10.vsdx
















SPS
X
X
X
X
U
CG
SFI = F
SFI = D
PDSCH
CG
SFI = U
SPS
PUSCH
D
TDD config common
D
D
D
U
exist inter-DL-UL-directions collision issue
no inter-DL-UL-directions collision issue



image13.emf
DL

UL

2

nd

 DCI PDSCH 1

st

 DCI

PUSCH

scheduling

scheduling

symbol i

2

symbol j

1

>= M

1

DL

UL

PDSCH 1

st

 DCI

PUSCH

scheduling

scheduling

2

nd

 DCI >= M

2

symbol i

1

symbol j

2

symbol i

2

symbol i

1

symbol j

2

symbol j

1

(a) PDSCH override PUSCH (b) PUSCH override PDSCH


Microsoft_Visio_Drawing11.vsdx


DL
UL
2nd DCI
PDSCH
1st DCI
PUSCH
scheduling
scheduling
symbol i2
symbol j1
>= M1


DL
UL
PDSCH
1st DCI
PUSCH
scheduling
scheduling
2nd DCI
>= M2
symbol i1
symbol j2
symbol i2
symbol i1
symbol j2
symbol j1
(a) PDSCH override PUSCH
(b) PUSCH override PDSCH



image1.emf
UL SB

gNB

guardband

DL SB

UL SB

UE1

guardband

DL SB

UL SB

UE2

guardband

DL SB

DL boundary 

affected by CLI

RBG0

RBG1

RBG2

RBG3

RBG4

RBG5

RBG6

Available DL RBs for RBG based RA

f

UL SB

gNB

guardband

DL SB

UL SB

UE1

DL SB

UL SB

UE2

guardband

DL SB

RBG0

RBG1

RBG2

RBG3

RBG4

RBG5

RBG6

Available DL RBs for RBG based RA

f

guardband

Extra available 

DL RBs

DL boundary 

affected by CLI

Case 1: Only cell-specific subband 

configuration is supported

Case 2: Both cell-specific and UE-specific 

subband configurations are both supported

UE-specific DL subband is updated to align with 

CLI affected DL boundary


Microsoft_Visio_Drawing.vsdx
UL SB
gNB
guardband
DL SB
UL SB
UE1
guardband
DL SB
UL SB
UE2
guardband
DL SB
DL boundary affected by CLI
RBG0
RBG1
RBG2
RBG3
RBG4
RBG5
RBG6
Available DL RBs for RBG based RA
f
UL SB
gNB
guardband
DL SB
UL SB
UE1
DL SB
UL SB
UE2
guardband
DL SB
RBG0
RBG1
RBG2
RBG3
RBG4
RBG5
RBG6
Available DL RBs for RBG based RA
f
guardband
Extra available DL RBs
DL boundary affected by CLI
Case 1: Only cell-specific subband configuration is supported
Case 2: Both cell-specific and UE-specific subband configurations are both supported
UE-specific DL subband is updated to align with CLI affected DL boundary



