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Introduction
In RAN#102, WI on evolution of NR duplex operation was approved [1]. As described in the WID, subband non-overlapping full duplex (SBFD) will be specified in Rel-19, which is a key scheme of duplex enhancement in Rel-19 to provide uplink latency reduction, coverage enhancement and spectrum efficiency improvement. 
	· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· Specify semi-static indication of time location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of time location of SBFD subbands in SIB is not precluded
· Specify semi-static indication of frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of frequency domain location of SBFD subbands in SIB is not precluded
· [bookmark: _Hlk153407590]Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]
· Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only
· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands
Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols
· Enhancement on resource allocation in frequency domain in SBFD symbols, including
· resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols
· handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG
· [bookmark: OLE_LINK1]Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, including
· resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
· CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots
· Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol
· Followings are assumed based on TR 38.858
· SBFD at the gNB side
· Half duplex operation at the UE side
· FR1 and FR2-1
· SBFD operation Option 4, i.e., both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs
· Coexistence between non-SBFD aware UEs (including legacy UEs) and SBFD aware UEs in the cell operating SBFD at gNB side
· SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies
· One UL subband for SBFD operation in an SBFD symbol (excluding legacy UL symbol/slot) within a TDD carrier
· Mechanisms for SBFD operation shall also consider the adjacent channel coexistence between two operators




In this contribution, we discuss some technical issues related to SBFD.
Discussion
Semi-static SBFD subband indication
Cell-specific or UE-specific
[bookmark: OLE_LINK74][bookmark: OLE_LINK75]In RAN1#116 meeting, the following agreement was achieved. Cell-specific configuration on time location of SBFD subbands is supported. Subband time domain locations can be same for all the SBFD-aware UEs in a same serving cell.
	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 RAN1#116b meeting, UE-specific configuration on time location of SBFD subbands is excluded. There is no conversion between SBFD symbols and non-SBFD symbols by UE-specific configuration or group-common signaling.
	Agreement
A symbol configured as SBFD symbol via cell-specific configuration cannot be reverted to a non-SBFD symbol via any UE-specific configuration or group-common signaling.
A symbol not configured as SBFD symbol via cell-specific configuration cannot be reverted to an SBFD symbol via any UE-specific configuration or group-common signaling.



The other open issue includes the working assumption to support cell-specific configuration on frequency location of SBFD subbands, and FFS on additional support of UE-specific configuration on frequency domain of SBFD subbands. 
The frequency location of SBFD subbands should be cell-specific within a TDD carrier. 
· It should be single one UL/DL subband locations within a TDD carrier from gNB perstpective to optimize the self-interference. No matter which active BWP is applied by a UE in the cell, there should be one common resource allocated, in the TDD carrier. There is no need to configure UE dedicated  SBFD subband. The available resources for DL and UL are based on the overlapped frequency resources between UL/DL subbands and the UE active UL/DL BWP.  
· One reason to support UE-secific frequency location is to have per-BWP UE-dedicated UL SBFD frequency configurations since different guardband sizes for different SBFD aware UEs due to Rx filter at UE side and/or to mitigate impact on DL reception due to UE-UE CLI. The motivation of guard band is for gNB self-interference suppression, not for UE-UE CLI cancellation. gNB can configure a large guard band in a conservative way and consider the worst interference case. 
· Someone aregued that small guard band size is used for high Rx filtering capability SBFD aware UEs and more resources are available for scheduling, which can increase resource utilization. For low Rx filtering capability SBFD aware UEs, more guard band size is needed. However, different usable resources for different UEs can be achieved by not scheduling some RBs by gNB in a transparent manner, that is by gNB implementation. 
Thus, we prefer to have cell-specific SBFD subband frequency location indication only. 
Proposal 1. Only Cell-specific configuration on frequency location of SBFD subbands is supported within a TDD carrier.

The signaling design of time and frequency locations was discussed in RAN1#116 meeting but no conclusion was reached. New signalling to indicate time/frequency location of SBFD subband is a proper choice. The SIB is used to configure cell specific parameters for PCell.
· For time domain, semi-static signalling for SBFD time domain can be configured within/together with tdd-UL-DL-ConfigurationCommon in SIB. For RRC connected UE for Scell/SCG addtion case upon reconfiguration with sync ect, the current mechanism can be resued. 
· [bookmark: OLE_LINK68][bookmark: OLE_LINK69]The frequency location of SBFD subband can be indicated in the SIB, too. As we discussed below, more specifically, similar FrequencyInfoDL-SIB and FrequencyInfoUL-SIB can be considered. 
Proposal 2. Semi-static indication of time and/or frequency locations of SBFD subbands in SIB is supported.
[bookmark: OLE_LINK2][bookmark: OLE_LINK9][bookmark: OLE_LINK3][bookmark: OLE_LINK8]Subband time location indication
Subband time location configuration
In RAN 1#116 meeting, the following agreement was achieved. 
	Agreement
A slot can consist of SBFD symbols and non-SBFD symbols.
For semi-static indication of SBFD subband time location,
· [bookmark: OLE_LINK29][bookmark: OLE_LINK30]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.
· [bookmark: OLE_LINK26][bookmark: OLE_LINK28][bookmark: OLE_LINK82][bookmark: OLE_LINK83]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



[bookmark: OLE_LINK27]Based on agreemnts in RAN 1#116 meeting, the configured SBFD symbols can start from any symbol within a slot and can end in any symbol within a slot. Considering the limited payload in SIB and minimize transition points, starting position and continuous time resources of subband time domain can be applied. So in detail, following indication aspects/methods can be further discussed:
· [bookmark: OLE_LINK35][bookmark: OLE_LINK31][bookmark: OLE_LINK32]Indicate starting position in a TDD-UL-DL pattern period
· Length of SBFD symbols in a TDD-UL-DL pattern period or ending position
· Whether or not to configure transmission periods between SBFD region and non-SBFD region
For the starting position in a TDD-UL-DL pattern period, the starting slot and starting symbol in starting slot should be indicated. For the length or ending poistion of SBFD region, it can be combined with multiple slots and some ending symbols in the end slot.  
If transmission periods between SBFD region and non-SBFD region is configured, UE is not expected to perform UL transmission or DL reception in transmission periods. Otherwise, it depends on gNB scheduling.Thus, it indicates starting SBFD symbol at the beginning and subsequent SBFD slots and ending SBFD symbol in the end of SBFD regions in each TDD UL/DL pattern period, e.g., Figure 1. 
	


	Figure 1: Cell-common subband location indication


Proposal 3. For semi-static configuration of subband time locations for SBFD operation, we suggest
· Indicate starting position in a TDD-UL-DL pattern period
· Length of SBFD symbols in a TDD-UL-DL pattern period or ending position
· Whether/how to configure transmission periods between SBFD region and non-SBFD region
SBFD subband periodicity
In RAN1#116 meeting, the following agreement was achieved. 
	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  


SBFD subband periodicity was discussed and given two options.  Option 1 is simper and more straightforward compared to Option 2. The SBFD period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon. When two TDD-UL-DL patterns are configured, the SBFD period can be the same as sum of the TDD-UL-DL pattern period P and P2.
There is no need to configure a specifc SBFD period. The benefit and necessity of Option 2 is unclear. 
· First, Option 2 would cause no SBFD UL subband in some TDD-UL-DL period, which is not good for UL latency. 
· One intention is to avoid SBFD symbols with SSB, however, SSB period is more longer than slot configuration period, e.g. up to 160ms. The slot configuration period is equal or smaller than 10ms. So it is impossible to have a so long SBFD subband periodicity to match SSB period. 
· Another reason to support option 2 is to have some blank slot configuration period which are without SBFD operation. But it can also supported by option 1 with less SBFD  symbols/slots. Not eseentially to have this nonuniform SBFD time domain configuration.  
Thus, the Option 1 is sufficient. 
Proposal 4. The SBFD period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon when only one TDD-UL-DL pattern is configured.
Proposal 5. The SBFD period is the sum of the two TDD-UL-DL pattern periods when two TDD-UL-DL patterns are configured .

Subband frequency location indication
Based on RAN1#116b meeting,  it was agreed that Cell-specific frequency locations of SBFD subbands are separately configured for each SCS configuration in SCS-SpecificCarrierList. UL subband can be explicitly configured by starting CRB and length of continuous CRB.
	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.



In RAN1#116 meeting, it was agreed that explicit or implicit indication of frequency location of DL subband(s).
	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).




We prefer explicit indication of frequency location of UL subband and DL subbands, and guard bands locations are implicitly derived, as they are not included in any of DL and UL subbands.
· First, it is simple to avoid any arguments of whether guard bands are existed and whether those can be used for Tx and Rx. 
· Second, the location and size of UL subband and DL subband(s) are purely frequency locations can be applied for UL or DL. It is clearly for both of discussions and definitions.
· For the guardband(s), they can be unawareness. UE knows exactly the resources for UL and DL, all the collisions can be resolved by these information, such as whether UL Tx is within/outside UL subband, or DL Rx is within/outside DL subband. Guardbands do not have special handling.
· Lastly, explicit indication of UL and DL subbands is forward compatible with future expansion to partially/fully overlapping full duplex techniques.
For the frequency location of DL subband(s) is explicitly indicated or implicitly determined, we support cell-common explicit indication of DL subbands. A DL subband is a set of contiguous RBs. So at most there would be two DL subbands. Every DL subbands are resources excludes guard band directly by configuration. 
A unified solution is preferred for different SBFD subband configuration pattern (DUD, DU, UD). It is need to consider how to determine the frequency location of the DL subband(s) and Guardbands when some configuration information is missing. For example, if the offset of the first DL subband from reference starting RB is missing, the carrier starting location can be used  as frequency starting location of the first DL subband. Only the number of CRBs of DL subband needs to be configured. It can save SIB signaling overhead. 
Thus, the following proposal for UL/DL subband and guard bands.
Proposal 6. Frequency location configuration 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). 
· UL subband or each DL subband is configured by the contiguous number of CRBs, according to each DL/UL subcarrier spacing in a serving cell.
UL usable PRBs and DL usable PRBs
In RAN1#116 meeting, the UL usable PRBs and DL usable PRBs were introduced. Two options were proposed to determine the UL/DL usable PRBs.
	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.



Between Option 1 and 2, we support Option 1 and there is no need to explicitly configure UL/DL usable PRBs. Even without explicit configuration, UL/DL usable PRBs are determined can be obtained based on Option 1, i.e, UL/DL usable PRBs are determined as intersection between cell-specific UL/DL subband and active UL/DL BWP in SBFD symbols. 
First of all, subband frequency location is configured by cell-specific signalling, so there is areadly a whole SBFD resource segmentation between UL and DL. For SBFD operation to UE in RRC_IDLE/INACTIVE mode and CONNECTED mode, we prefer unifined UL/DL usable PRBs determination method. Additional configuration for UL/DL usable PRBs within active UL/DL BWP for UE in CONNECTED mode is not necessary. 
It was agreed that cell-specific frequency locations of SBFD subbands are separately configured for each SCS configuration, only the same SCS as the SCS of the BWP is referred to determine the subband frequency locations. Thus,  for Option 1, fractional PRB usable UL (or DL) PRB would not happened. 
For Option 2, it may have less UL/DL usable PRBs than Option 1, as shown in the Figure 2 (a)-(b), it would waste some resources. In addition, it may need more specification efforts.Thus, the Option 2 have some disadvantages and we do not support it. 
Proposal 7.  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.
     


                                  
(a)                                                                                                               (b)
Figure 2. UL/DL usable PRBs determining in SBFD symbol of Option 2
Transmission/Reception/measurement procedures
TX/RX/measurement behaviors
Link direction from UE perspective
The allowed transmission direction depends on the SBFD time/frequency location indication discussion, which also relative to UE assumption of link direction before collision handling. There are some alternatives was discussed in RAN1#116 meeting.
	Agreement
[bookmark: OLE_LINK146]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. 




For Option 1, it is similar as link direction in flexible symbol, both of DL and UL assignment can be possible. The difference is legacy flexible symbol has entire same direction for a whole symbol. For SBFD, UE can use either DL or UL subband in frequency domain, depends on the DL reception or UL transmission as shown in the following figure A. This alternative is more complex when handling the collision, but with flexibilities comparing with Option 2. 
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]For Option 2, it is similar as slot format configured with tdd-UL-DL-ConfigurationDedicated in addition to tdd-UL-DL-ConfigurationCommon, explicit singnalling provides further UE’s link direction. The difference is it selects DL subband or UL subband of SBFD symbols. As shown in the following figure B, for UE 1, UE dedicated sigalling indicates the slot 3 to be UL, so only UL subband can be used, while slot 1&2 are DL, only DL subbands can applied. For UE2, slot 1 and 2 are UL, UL transmission in UL subband is valid, and DL in DL subbands are not allowed. In this alternative, semi-statically UL/DL is cancelled if it is against the transmission direction of subband, according to the current collision handling. And dynamic DL/UL should be aligned with transmission direction of subband. Obviously, this alternative can reuse the current collision handling as much as possible, it is easier for all the collision decision, but with less flexibility due to only one of DL or UL subband has been predefined, the opposite direction cannot be used.
Based on the above analysis, Option 1 can provide more scheduling flexibility but Option 2 can reduce some collision handling. Thus, we support Option 1 and Option 2 for further study.
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Figure 2: UE assumption of link direction before collision handling
Proposal 8. For SBFD-aware UE transmission and reception in an SBFD symbol, Option 1 and Option 2 can be supported 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.

Tx/Rx occasion mapped to SBFD and non-SBFD symbols within a slot
For the point of “If the PUCCH/PUSCH/PDSCH/PDCCH can be mapped to SBFD and non-SBFD in the same slot if configured”, as shown in the following figure, PDSCH in slot 1 and PUSCH in slot 3 both mapped to SBFD and non-SBFD regions. We do not think it is a reasonable case. 
	[bookmark: OLE_LINK64][bookmark: OLE_LINK65]Agreement(RAN1#112b-e)
Study whether the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE, and whether a UE can transmit/receive in the occasion mapped to SBFD symbols and non-SBFD symbols including:
· Use-case(s) including the locations and number of switching points of the SBFD and non-SBFD symbols in the slot.
· Potential benefits if any
· Phase continuity
· Potential interruption of transmissions/receptions during transition
· Required guard time if any
· Potential impact on performance
· Impact on link adaptation, channel estimation, and other procedures
· UL transmission timing if any
· Implementation complexity
· Applicability for SBFD aware UE and non-SBFD aware UEs
· NOTE: There are more than one scenario where a transmission overlaps SBFD and non-SBFD symbols and some may or may not face the aspects listed above
· NOTE: This study doesn’t mean RAN1 agreement on a slot consisting of SBFD and non-SBFD symbols. 

Agreement RAN1#113
The following conclusion is to be captured in the TR
For a physical channel/signal occasion mapped to SBFD and non-SBFD symbols within a slot if any, the following options for UE transmission/reception can be considered in the normative stage
· [bookmark: OLE_LINK21][bookmark: OLE_LINK22]Option 1: UE does not transmit or receive the physical channel/signal within the slot.
· Option 2: UE can transmit or receive the physical channel/signal within the slot only under certain conditions.
· The conditions may depend on at least the following: whether or not phase continuity can be maintained across SBFD and non-SBFD symbols, whether or not there are same or different transmission/reception parameters e.g. power control, spatial/QCL, UL timing etc. applied in SBFD and non-SBFD symbols, and whether or not there is a guard period between the SBFD and non-SBFD symbols, etc.
· Other options are not precluded



· First, timing advance for CLI handling in SBFD operation and flexible duplex is an important issue, which were discussed by a lot of companies in their contribution, and proposed to use different TA in SBFD and non-SBFD region. This solution would lead to two TA for one PUSCH in slot 3. It is too early to make decision before we have a clear picture for TA enhancement.
· Second, DL-UL switching is another issue would impact the allowance, e.g. the orange box in the slot 1 shows a possible DL-UL switching pattern for DL symbol change to UL subband. Frankly speaking, the DL-UL switching pattern cause trouble for PDSCH covering SBFD and non-SBFD in a slot.
· Third, some enhancements were agreed for SBFD regions, such as different frequency resource, time domain resource, power control, and spatial domain. It is hard to decide which frequency/time/power/spatial domain parameters or indications should be used for these specific channel.
In a summary, the PUCCH/PUSCH/PDSCH/PDCCH mapped to SBFD and non-SBFD in the same slot is a corner case, which have a lots of potential problems may impact the main progress of our SBFD discussion. We propose not to discuss this issue in the WI stage again.  


Figure 7 Examples for PUSCH/PDSCH mapped to SBFD and non-SBFD in the same slot
Proposal 9. For a physical channel/signal with transmission/reception occasion mapped to SBFD and non-SBFD symbols within a slot, SBFD aware UE does not transmit or receive the physical channel/signal within the slot.
Interaction with TDD-UL-DL-ConfigDedicated and dyamic SFI
In RAN1#116 meeting, following agreement was achieved. It was agreed CLI measurement behaviours for SBFD-aware UE are discussed in agenda item 9.3.3. SBFD aware UE behaviors in SBFD symbols with interaction with TDD-UL-DL-ConfigDedicated and SFI was discussed but no consensus reached.

	Agreement
[bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK88][bookmark: OLE_LINK89]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



In RAN1#116 meeting, following agreement was achieved.
	Agreement
A symbol configured as SBFD symbol via cell-specific configuration cannot be reverted to a non-SBFD symbol via any UE-specific configuration or group-common signaling.
A symbol not configured as SBFD symbol via cell-specific configuration cannot be reverted to an SBFD symbol via any UE-specific configuration or group-common signaling.



The relationship with the current three time domain signalling methods should be decided. It was agreed the SBFD symbol can be configured in DL and/or flexible symbols in TDD-UL-DL-ConfigCommon, and UE transmission and reception behaviour was defined. In RAN1#116b meeting, it was agreed that SBFD symbol cannot be reverted to a non-SBFD symbol via any UE-specific configuration or group-common signalling, but the UE behaviour is not clear when both SBFD symbol and tdd-UL-DL- ConfigurationDedicated/SFI are indicated simultaneously. It needs to be defined.
In DL or  flexible symbol, plus SBFD configuration, it keeps UL transmission in UL subband and DL reception in DL subband.  To make the spec simpler and clearer, SBFD operation has the highest priority and cannot be modified by subsequent configurations or indication. F symbol configured with SBFD operation cannot be modified to UL symbols by tdd-UL-DL-ConfigurationDedicated  or dynamic SFI indication. The order of configuration or indication should be tdd-UL-DL-ConfigurationCommon, SBFD configuration, followed by tdd-UL-DL- ConfigurationDedicated and or SFI.
[bookmark: OLE_LINK90][bookmark: OLE_LINK91]
[bookmark: OLE_LINK92][bookmark: OLE_LINK93]The following gives the interpretation between SBFD confguration and UE dedicated slot format signalling.  
· [bookmark: OLE_LINK94][bookmark: OLE_LINK95][bookmark: OLE_LINK104][bookmark: OLE_LINK105]DL in TDD-UL-DL-ConfigCommon can be configured into DL symbol 
· Flexible in TDD-UL-DL-ConfigCommon can be configured into DL or flexible symbol if it is configured with SBFD.However, it cannot be UL symbol, which will invalidate the SBFD operation. 
Similarly, the interpretation between SBFD configuration and SFI in DCI format 2_0 includes:
· [bookmark: OLE_LINK106][bookmark: OLE_LINK107]DL in TDD-UL-DL-ConfigCommon/ TDD-UL-DL-ConfigDedicated can be configured into DL symbol 
· Flexible in TDD-UL-DL-ConfigCommon/ TDD-UL-DL-ConfigDedicated can be configured into DL or flexible symbol if it is configured with SBFD.However, it cannot be UL symbol, which will invalidate the SBFD operation. 
[bookmark: OLE_LINK96][bookmark: OLE_LINK97]SBFD aware UE behaviors in SBFD symbols with interaction with DL and/or flexible configured in TDD-UL-DL-Configdedicated, and DL in SFI
· [bookmark: OLE_LINK98][bookmark: OLE_LINK99]UL transmissions within UL usable PRBs are allowed, SSB can be separately discussed.
· 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, CLI measurement can be separately discussed.

Table 2: Interpretation between SBFD confiugation and slot format signalling
	
	Symbol direction configurd by tdd-UL-DL- ConfigurationCommon

	
	DL
	Flexible
	UL

	SBFD region
	[bookmark: OLE_LINK4]Non-SBFD
	SBFD
	Non-SBFD

	[bookmark: OLE_LINK147]Symbol direction configured by tdd-UL-DL- ConfigurationDedicated
	DL
	DL
	DL or Flexible 
UL
	DL or Flexible or UL
	UL

	Symbol direction configured by SFI in DCI 2_0
	DL
	DL
	DL or Flexible 
UL
	DL or Flexible or UL
	UL

	UE behaviour for SBFD aware UE
	Legacy DL
	UL transmission in UL subband, DL reception in DL subband
	UL transmission in UL subband, DL reception in DL subband
	Legacy 
	Legacy UL



Proposal 10. For interpretation between SBFD confiugation and slot format signalling, it is porposed the following behaviors for SBFD-aware UE in case of flexible symbols are configed as SBFD operation: 
· tdd-UL-DL-ConfigurationDedicated or SFI config flexible symbols into DL symbols, SBFD-aware UE performs DL reception in flexible symbols.
· tdd-UL-DL-ConfigurationDedicated or SFI config flexible symbols into DL or flexible symbols, SBFD-aware UE performs SBFD operation in flexible symbols.
· UL transmission in UL subband, DL reception in DL subband
Proposal 11. SBFD-aware UE transmission and reception in SBFD symbols with interaction with DL and/or flexible in TDD-UL-DL- ConfigurationDedicated, and DL in SFI,
· UL transmissions within UL usable PRBs are allowed, CD SSB and NCD SSB can be separately discussed.
· 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, CLI measurement can be separately discussed.
Resource allocation in frequency domain in SBFD symbols
[bookmark: OLE_LINK40]Resource allocation Type 0&1
Resource allocation Type 1 with RB granularity
In RAN1#116b meeting, following options were discussed  for RA Type 1 for PDSCH in a single slot scheduled at least by DCI format in USS.
	Agreement(RAN1#116b)
[bookmark: OLE_LINK67]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.
· [bookmark: OLE_LINK70][bookmark: OLE_LINK58][bookmark: OLE_LINK42]Option 1-1: Only the assigned PRBs within DL usable PRBs are considered to be valid for PDSCH. Assigned PRBs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping.
· Existing RB indexing and VRB-to-PRB mapping are reused
· The number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs only
· FFS: DMRS sequence mapping 
· Option 1-2: Only the assigned PRBs within DL usable PRBs are considered to be valid for PDSCH. Assigned PRBs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping.
· Existing RB indexing and VRB-to-PRB mapping are reused
· The number of PRBs for TBS determination is based on the assigned PRBs as legacy
· FFS: DMRS sequence mapping 
· Option 2: Introduce new RB indexing/PRB bundle indexing to ensure VRBs are mapped to DL usable PRBs only.
· Existing VRB-to-PRB mapping is reused
· Legacy TBS determination method is used
· FFS: DMRS sequence mapping 
· Option 3: Modify VRB-to-PRB mapping interleaver to ensure VRBs are mapped to DL usable PRBs only.
· Existing RB indexing/PRB bundle indexing is reused
· If the interleaver is not enabled, Option 1-1 or Option 1-2 is used
· Legacy TBS determination method is used
· FFS: DMRS sequence mapping 




For RA Type 1 for PDSCH, our first preference is Option 1-1, and we can live with Option 1-2. 
· [bookmark: OLE_LINK24]Actual PDSCH resource allocation is derived by excluding frequency resources outside DL usable PRBs . It means only the assigned PRBs within DL usable PRBs are actual allocated resource for PDSCH. In this Option, existing FDRA indication are reused and no further impact on RB/PRB bundle indexing or VRB-to-PRB mapping. 
· [bookmark: OLE_LINK72]TB size is calculated based on the actual allocated PRBs within DL usable PRBs. The reason for this TBS determination is the number of non-usable PRBs in this case might be a good many comaparing with actual DL PRB.. It may be equal to entire UL subbandin some cases. If the number of PRBs for TBS determination is based on the assigned PRBs as legacy, which is the target code rate and modulation order is determined from the MCS index signaled in DCI, and the transport block size is then calculated from the target code rate, modulation order, number of layers, and the allocated resources. it would cause the negative performance due to mismatch between the effective resources and allocated resources which is used to derive the TBS.
· PDSCH DMRS is mapped in actual allocated PDSCH resources. It cannot resue the legacy PDSCH DMRS mapping, because it is mapped in the resource allocated for PDSCH transmission, which may include DL non-usable PRBs. It can cause interference for UL reception and it is also not allowed according to DL is only limited in DL usable PRBs.   
For Option 2 and 3, it is proposed to introduce new RB indexing/PRB bundle indexing/VRB-to-PRB mapping interleaver to ensure VRBs are mapped to DL usable PRBs only. In this case, UE has to prepare two set of VRB to PRB mapping, which greatly impact this basic resource allocation operation. It also impacts FDRA field in DCI format, e.g. RIV value is calculated by the total DL usable PRBs of two DL subband, instead of BWP size. A number of most significant bits with value set to '0' are inserted to the FDRA field to keep the same field size.  In addition, Option 3 is not a complete resource allocation method, it cannot used in some cases such as UL usable PRBs is not in the middle of DL BWP. Option 2/3 would require additional specification efforts and increase UE implementation complexity.
Proposal 12. For frequency domain resource allocation Type 1 for PDSCH in a single slot scheduled at least by DCI format in USS, Option 1-1 is supported. 
· 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
· For DMRS sequence, it is mapped in actual allocated PRBs for PDSCH, by excluding frequency resources outside DL usable PRBs
[bookmark: OLE_LINK80]Resource allocation Type 0
According to the issue of unaligned boundaries of DL/UL subband and RBG in the frequency, the agreements below were agreed in RAN1#116b meeting. It was agreed that only the PRBs within DL usable PRBs are valid for PDSCH reception and only the PRBs within UL usable PRBs are valid for PUSCH transmission.
	Agreement
[bookmark: OLE_LINK55][bookmark: OLE_LINK36]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.
· [bookmark: OLE_LINK57]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.



As same as RA type 1, for TBS and DMRS mapping:
· [bookmark: OLE_LINK73][bookmark: OLE_LINK77]TB size is calculated based on the actual allocated PRBs within DL/UL usable PRBs. 
· PDSCH/PUSCH DMRS is mapped in actual allocated PDSCH/PUSCH resources. 
Proposal 13. For frequency resource allocation Type 0 for PDSCH or PUSCH in a single slot by DCI based scheduling (without repetition or TBoMS), 
· TB size is calculated based on the actual allocated PRBs within DL/UL usable PRBs. 
· PDSCH/PUSCH DMRS is mapped in actual allocated PDSCH/PUSCH resources. 

RBG in Resource allocation Type 0
[bookmark: OLE_LINK66][bookmark: OLE_LINK60][bookmark: OLE_LINK59]For frequency resource allocation Type 1 for PDSCH or PUSCH in a single slot by DCI format 0_2/0_3/1_2/1_3, PDSCH/PUSCH can be scheduled by starting RBG and length of RBG. It is suffer form the non-contiguous DL subbands and disaligned granularity. It may 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 due to RIV mechanism applied. 
Thus, we have the following proposal:
Proposal 14. [bookmark: OLE_LINK76]For frequency resource allocation Type 1 with RBG for PDSCH or PUSCH in a single slot by DCI format 0_2/0_3/1_2/1_3 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.
· [bookmark: OLE_LINK61]Assigned RBGs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping. Assigned RBGs that fall outside UL usable PRBs are considered to be invalid and should not be used for PUSCH resource mapping.
Other issues on non-contiguous DL subbands
CSI-RS
For impacts of non-contiguous DL subbands for CSI-RS and PDSCH, it would be good to have unified solution to resolve this issue.
	Agreement: (RAN1#112)
Study the frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs 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
· Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s) 
Conclusion(RAN1#112b-e)
[bookmark: OLE_LINK16]For the options agreed to study in RAN1#112 for frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs, the following observations are agreed.
· For all the options, there is no impact on CSI-RS sequence generation.
· Option 1 requires additional signalling to link two CSI-RS resources in two DL subbands. 
· Option 2-1 requires new RRC structure to configure non-contiguous RBs for one CSI-RS resource, which may require additional signalling overhead. 
· Option 2-2 can reuse the existing signalling design for CSI-RS resource configuration. Option 2-2 can be used to resolve the potential unaligned boundaries between CSI-RS resource configuration and SBFD subbands
· Further discussion is required on the UE complexity due to:
· UE capability of maximum number of configured CSI-RS resources
· Processing non-contiguous CSI-RS




Figure 2: Options for frequency resource allocation of CSI-RS
All the options can solve the problem due to non-contiguous DL subbands, especially Option 2-2 is more suitable. Because it can work for the transmissions across SBFD and non-SBFD symbols. A same set of CSI-RS resources can be used for SBFD symbols and non-SBFD symbols. It does not impact the maximum number of configured CSI-RS resources and has less spec impact. And regarding to processing non-contiguous CSI-RS, we think complexity increasing is affordable for UE, since the CSI sub-band granularity in frequency domain requires finer sub-band granularity measurement already, which can be contiguous and non-contiguous. Thus from this point of view, Option 2-2 is preferred.  
Proposal 15. For the frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs, one contiguous CSI-RS resource allocation with non-contiguous resource derived by excluding frequency resources outside DL subband(s) is supported.
Wideband PRG
Wideband PRG is good for better channel estimation performance. The main concern is whether wideband PRG can be non-contiguous due to discontinuous DL resources. It will increase UE complexity for channel estimation. We also share a similar view that non-contiguous frequency resource would be have some changes for the wideband channel estimation. However, it still worth to make wideband PRG valid in SBFD operation, considering its significant gain comparing 2/4 PRG size. Second, the restriction of half of PRB number in DL BWP is very hard to satisfy, if DL-UL-DL subband pattern is configured if non-contiguous frequency resource is not allowed. Thus some enhancements still need for wideband PRG. We suggest to use as little changes as possible to make wideband PRG workable when across two DL subbands. The condition for wideband PRG determination can be further discussed.
	Agreement RAN1#112b
If PRG is determined as wideband, study the following two options:
· Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
· FFS: Precoding assumption within and across the two DL subbands
· Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
The study should include the impact on UE complexity
Agreement RAN1#113
The following conclusion is to be captured in the TR
If PRG is determined as wideband, better scheduling flexibility and higher DL data rate can be achieved if non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated. 
Compared to the case that PRG is determined as wideband and only contiguous frequency resources can be allocated, non-contiguous frequency resources across two DL subbands requires UE to handle two non- contiguous segments of contiguous RBs that may increase UE complexity for channel estimation.



[bookmark: OLE_LINK53]The channel conditions on non-contiguous frequency domain resources across two DL subbands may be different and not suitable for joint channel estimation.  UE is likely to perform channel estimation on each DL subband separately. Thus, SBFD-aware UEs would make no assumption of same precoding across two DL subbands.
[image: ]
Figure 3: wideband PRB in SBFD slots
Proposal 16. If PRG is determined as wideband, non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated (Option 1).
Proposal 17. The condition for wideband PRG determination can be further discussed.
Proposal 18. If PRG is determined as wideband, SBFD-aware UEs would make no assumption of same precoding across two DL subbands .
Other issues on resource allocation granularity
[bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK108][bookmark: OLE_LINK109][bookmark: OLE_LINK54]For RBG for PDSCH/PUSCH FDRA, CSI-RS granularity, CSI reporting subband and PRG of PDSCH, they are quite similar. Regarding CSI-RS and CSI reporting subband, it was agreed only CSI-RS resources within DL subband(s) are valid for SBFD-aware UE, and CSI report is derived based on CSI-RS resources excluding CSI-RS resources outside DL subband(s).  we prefer a unified solution for RBG and PRG, as CSI-RS and CSI reporting, using agreement of RBG as the starting point. 
PRG
For unaligned boundaries of DL/UL subband and PRG in the frequency, the agreements below were agreed in previous meeting.
	Agreement (RAN1#112)
For SBFD-aware UEs, study at least the following issues for PDSCH:
· PRG(s) with size of 2 and 4 that overlaps with subband boundary 
· Wideband precoder in case of non-contiguous DL subbands
Conclusion RAN1#113
For a PRG that overlaps with subband boundary, if the part of DL PRG inside the DL subband can be used, better scheduling flexibility and resource utilization can be achieved, however degraded channel estimation quality in the partial PRG is expected compared to a PRG due to limited RBs in the partial PRG. 
· Note: UE complexity could increase if this feature is supported



RBG is always larger than or equal size to PRG size applied for UE if both are configured. Considering the case that PRG has smaller or same size as RBG, when part of the DL RBG inside the DL subband is used for PDSCH, it also needs to define UE behaviours for those part of DL PRG inside the DL subband. It is not complete if only partial RBG is allowed but partial PRG is not allowed.  Take RBG and PRG size are both 4 for PDSCH FDRA as example.  As shown in Figure 7, RBG 3 and 6 have partial part of DL RBG inside the DL subband, PRB 26/25/24 can be used for PDSCH. But regarding the UE assumption for physical resource block bundling, if partial PRG is not allowed, it would impact the agreed partial RBG applied for PDSCH. In current specification, partial PRG has be allowed because of unaligned boundaries between BWP and PRG size. Actual number of consecutive PRBs in each PRG could be one or more. So we suggest to use the part of the DL PRG inside the DL subband, too.  


Figure 4: SBFD impacts on RBG and PRG

Proposal 19. For a PRG that overlaps with subband boundary, partial DL PRG inside the DL subband can be used.
Partial 4RBs CSI-RS granularity
In case a CSI-RS resource and DL subband are misaligned relative to 4 RB grid of the CSI-RS, it was agreed that only CSI-RS resources within DL subband(s) are valid during the SI stage. It can be confirmed in WI. 
Proposal 20. When a 4RB grid of an assigned CSI-RS resource which overlaps with SBFD subband boundaries, only the RBs within  DL usable PRBs are considered to be valid for SBFD-aware UE.
Graularity size in SBFD symbols
[bookmark: OLE_LINK51][bookmark: OLE_LINK52]There was some discussions on granularity size of RBG and CSI reporting subband, the size is still based on the sizes of DL BWP and UL BWP respectively, or the sizes of DL/UL usable PRBs. 
For RBG size in SBFD symbols, RBG size should be determined based on the size of active DL/UL BWP, as same as current specification. For RA type 0, the size of FDRA field in SBFD symbol can be still determined based on the active BWP size and no need to change.  It is simper and there is no need to make resource allocation granularity finer. In addition, when an assigned RBG overlaps with the subband boundary, it was agreed that the PRBs within DL/UL usable PRBs are considered to be valid for PDSCH/PUSCH reception/transmission. So there is no need change RBG size determination in SBFD symbol to improve the resource utilization efficiency. only the PRBs within DL usable PRBs are considered to be valid
 If RBG size is determined based on the size of DL/UL usable PRBs, it would cause different RBG sizes for SBFD and non-SBFD symbols. It is too complicated for gNB scheduling. Thus, same RBG size can be used for both SBFD symbols and non-SBFD symbols.
For CSI reporting subband size in SBFD symbol, it also should depends on the BWP size. It is unclear to us the benefits of having different CSI reporting subbands size in SBFD symbols and legacy symbols.
Based on above analysis, we prefer to reuse current determination methods and no need to enhance.
Proposal 21. For RBG size in SBFD symbols, it is still determined based on the sizes of DL/UL BWP.
Proposal 22. For the CSI reporting subband size in SBFD symbols,  it is still determined based on the size of DL BWP.
Fallback DCI
PUSCH scheduled by DCI format 0_0 in CSS
For PUSCH scheduled by DCI format 0_0 in CSS, only resource allocation type 1 can be used, and assigned RBs are within the active UL BWP but restricted to the size of intitial UL BWP. The issue is if UL usable PRBs are not from the bottom of active UL BWP, as shown in the following figure, the UL usable PRBs might out of the maximum scheduling scope of DCI format 0_0. 
[bookmark: OLE_LINK71][bookmark: OLE_LINK39]So one option from CG-PUSCH can be considered, i.e. Option 2 below. The RB offset can be the start RB of UL subband/first UL usable PRB in active UL BWP. The resource indication of PUSCH scheduled by DCI format 0_0 in CSS is for non-SBFD symbols, and if the PUSCH is in SBFD symbols, it starts from the first RB indicated by DCI + RB offset.  
	· 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





Proposal 23. The resource indication of PUSCH scheduled by DCI format 0_0 in CSS is for non-SBFD symbols. 
· If the PUSCH is in SBFD symbols, it starts from the lowest RB indicated by DCI + RB offset.
· The RB offset can be the first UL usable PRB in active UL BWP
PDSCH scheduled by DCI format 1_0 in CSS
[bookmark: _Hlk498008922]In current spec, if a PDSCH scheduled with a DCI format 1_0 in a CSS, RB numbering starts from the lowest RB of the CORESET in which the DCI was received. And only resource allocation of type 1 can be used. RBs can be allocated is within the size of CORESET 0 if it is configured or the size of initial DL BWP if CORESET 0 is not configured. 
There can be three cases of the overlapping among active DL BWP, DL/UL usable RBPs and CORESET in which DCI was received. 
· [bookmark: OLE_LINK5]Case 1: CORESET is overlapping with DL usable PRBs and UL usable PRBs, and it is in one DL subband. 
· [bookmark: OLE_LINK6]Case 2:  CORESET is overlapping with DL usable PRBs and UL usable PRBs, and it is across DL subbands
· Case 3: CORESET is only overlapping with DL usable PRBs. 
[bookmark: OLE_LINK7]Clearly, Case 3 is the easiest one considering resource allocation, since it is not suffer with non-contiguous DL subbands, or DL non-usable PRBs. there is no issue for case 3.  Howeve, Case 1 has to handle the DL non-usable PRBs due to resource allocation type 1. Case 2 is faced with non-contiguous DL subbands and DL non-usable PRBs. Thus, Case 1 and Case 2 are more complex than Case 3. It can do some down selection further. 



Generally, the PDSCH resource allocation by DCI format 1_0 in CSS should resue the legacy method as much as possible, including from the lowest PRB index of CORESET and maximum number of PRBs. Considering there might be SBFD non-aware UE share a same PDCCH and PDSCH, the exclusive of DL non-usable PRBs are not workable, and TBS re-calculation also cannot work. So we suggest the assigned PRBs in PDSCH scheduled by DCI format 1_0 in CSS are all inside DL usable PRBs, without extra handling for PRBs outside of DL usable PRBs. 
Proposal 24. Assigned PRBs in PDSCH scheduled by DCI format 1_0 in CSS are all inside DL usable PRBs.
Physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots
Resource allocation in frequency domain including frequency hopping
SPS PDSCH/CG PUSCH without repetition
For SPS PDSCH and CG PUSCH, they share the same situation that different available resources are in SBFD symbols and non-SBFD symbols. The following agreement was agreed in RAN1#116b.
	Agreement
[bookmark: OLE_LINK81]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
· [bookmark: OLE_LINK38]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



[bookmark: OLE_LINK100]In summary, Option 1 and 2 can be removed first, and Option 3/4/5 can be for further discussion.
· First of all, it is not realistic to have separate FDRA indication for SBFD symbols and non-SBFD symbols for SPS PDSCH and CG-PUSCH type 2. It would increase the signalling overhead of activation DCI. So Option 1 is excluded. 
· [bookmark: OLE_LINK138]For Option 2, it is not a common solution for PDSCH, it can only used in some cases, such as RBs of SPS PDSCH only within a specified frequency range before and after RB offset. However, if SPS PDSCH spans a large frequency range, RB offset does not work properly. Thus, RB offset has some restriction on the frequency location and is not friendly for the non-contiguous DL subband.  Even with RB offset, the frequency resource of PDSCH in SBFD symbol would overlap with RBs outside DL usable PRBs.
· For Option 3, it is not a good solution. Although the objective is to improve UL coverage, it cannot harm the DL coverage. SBFD operation can provide more continuous/discontinuous UL time resources, it reduces the gain if a DL channel/signal overlapping with RBs outside usable PRBs in SBFD symbols is dropped, and may decrease the DL performance. Thus, Option 3 is not applicable to SPS PDSCH.
· For Option 4, it can be achieved by gNB configuration to ensure that all transmission/reception occasions are confined to either SBFD symbols or non-SBFD symbols, which will limit scheduling flexibility. Alternatively, Option 4 can be achieved by additional indication or rules to determine the transmission/reception occasions are valid within one symbol type and are invalid within the other symbol type. It needs additional specification efforts. 
· For Option 5, only single FDRA configuration is required. It can save signalling overhead and separate frequency resources is determined seperatly for SBFD symbols and non-SBFD symbols. For SBFD symbols, only the assigned PRBs within DL usable PRBs in SBFD symbols are valid for SPS PDSCH. For non-SBFD symbols, the assigned PRBs are valid for SPS PDSCH. It is good to have a unified solution for SPS PDSCH across SBFD symbol and non-SBFD in different slot and  RA Type 1 for PDSCH scheduled by DCI. Since a common reason that different available resources are in SBFD symbols and non-SBFD symbols. It will increase implementation complexity if separate solution is supported.
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Figure 5: PDSCH repetition in SBFD symbol and non-SBFD symbol
Proposal 25. [bookmark: OLE_LINK139]For an SPS PDSCH/CG-PUSCH configuration without repetitions, Option 1 and 2 can be removed first, and Option 3/4/5 can be for further down-selection/discussion.
PDSCH/PUSCH repetitions, multi-PDSCH/PUSCH, TBoMS
For PDSCH/PUSCH 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/PUSCH scheduled by a single DCI across SBFD symbols and non-SBFD symbols, and for TBoMS across SBFD symbols and non-SBFD symbols in different slots, the following agreements were achieved.
	Agreement
[bookmark: OLE_LINK136]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
[bookmark: OLE_LINK137]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



For PDSCH/PUSCH repetition across across SBFD symbols and non-SBFD symbols in different slots, it is also similar to the problem discussed in SPS PDSCH/CG PUSCH. A unified option can be applied to SPS PDSCH, CG PUSCH without repetition, PDSCH repetition, PUSCH repetition and TBoMS. 
· For PDSCH/PDSCH scheduled/activated by DCI, the FDRA is indicated by DCI. So Option 1 would cause larger DCI oberhead and we do not support it. 
· For Option 2, it is not a common solution, same reasons as obove. 
· For Option 6, it has no impact on the specification, but it would limit scheduling flexibility. And for non-SBFD symbol, there is no restriction on frequency location of PDSCH/PUSCH and it is totally depend on gNB scheduling. So Option 6 is not a good solution. 
Proposal 26. For PDSCH/PUSCH repetition, multi-PDSCH/PUSCH and TBoMS across SBFD symbols and non-SBFD symbols in different slots, Option 1/2 and 6 can be removed first, and Option 3/4/5 can be for further down-selection/discussion.
PUCCH and SRS
In RAN1#116b meeting, the FDRA determination methods for PUCCH repetitions without FH across SBFD symbols and non-SBFD symbols in different slots were discussed as follows.
	Revised Proposal 2-3b
For PUCCH repetitions without FH across SBFD symbols and non-SBFD symbols in different slots, where each repetition has either all SBFD or all non-SBFD symbols, discuss and decide whether/which of the following options is supported. 
· [bookmark: OLE_LINK140]Option 1: PUCCH repetitions in one symbol type is valid and PUCCH repetitions in the other symbol type is invalid regardless of whether or not the PUCCH resource overlaps with PRBs outside UL usable PRBs in SBFD symbols
· PUCCH available slot counting only counts valid PUCCH repetitions
· FFS how to determine which symbol type is valid for PUCCH repetitions, e.g. the symbol type of the first PUCCH repetition, a predefined/indicated/configured symbol type etc.
· Option 2: Same PUCCH resource is determined for PUCCH repetitions across SBFD and non-SBFD symbols. A PUCCH repetition overlapping with PRBs outside UL usable PRBs in SBFD symbols is postponed
· PUCCH available slot counting in SBFD symbols only counts PUCCH repetitions with PRBs entirely within UL usable PRBs
· FFS how to determine PUCCH resource
· Option 3: PUCCH resources for PUCCH repetitions across SBFD and non-SBFD symbols are determined based on 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
· PUCCH available slot counting in SBFD symbols only counts PUCCH repetitions with PRBs entirely within UL usable PRBs
· FFS how to determine PUCCH resource
· Option 4: PUCCH resources for PUCCH repetitions across SBFD and non-SBFD symbols are determined based on separate starting PRB configurations for SBFD and non-SBFD symbols
· Option 5: Separate PUCCH resources are configured for PUCCH repetitions in SBFD and non-SBFD symbols.
· FFS whether to count a SBFD slot as available for PUCCH repetitions based on PUCCH format length/number of symbols of PUCCH to avoid blocking DL transmissions
· Other options are not precluded
· FFS: Applicable conditions



For periodic/semi-persistent PUCCH and PUCCH repetition, a single PUCCH resource allocation may cause PUCCH in SBFD symbol overlap with DL subband. Though separate PUCCH resource are configured for PUCCH repetitions in SBFD symbols and non-SBFD symbols may provide more flexibility, it is likely to exceed UE capabilities of maximum number of configured PUCCH resources and needs more specification efforts. So we don’t support Option 4 or Option 5.


Figure 7: PUCCH repetition
For PUCCH repetition, the simplest solution is to restrict PUCCH transmission to SBFD symbols only or non-SBFD symbols only. In this case, only one a single PUCCH resource can be configured for PUCCH transmission in SBFD symbols or non-SBFD symbols. It has least specification effort. PUCCH available slot counting only counts PUCCH repetitions in one symbol type. 
For Option 1, we are not sure how to handle the case that PUCCH repetitions only valid in SBFD symbol but  PUCCH resource overlaps with PRBs outside UL usable PRBs in SBFD symbols. If PUCCH repetitions are restricted to SBFD symbols, PUCCH resource would not overlap with RBs outside UL usable PRBs. Restricting PUCCH transmissions to either SBFD or non-SBFD slots can be achieved by gNB configuration. Otherwise, how to determine which symbol type is valid for PUCCH repetitions should be studied. 
Alternatively, a single PUCCH resource can be configured for PUCCH repetitions across SBFD and non-SBFD symbols. Although PUCCH resources can be within UL subband through appropriate configuration, it will lead to resource fragmentation in legacy UL symbols and may impact other UL transmission in UL. So it should not have restriction on PUCCH resource configuration if PUCCH repetition across SBFD and non-SBFD symbols in different slots is supported. A PUCCH repetition overlapping with PRBs outside UL usable PRBs in SBFD symbols is postponed. We support Option 2. Option 3 may be not suitable for PUCCH and SRS transmissions across SBFD symbols and non-SBFD symbols in different slots.
For eriodic/semi-persistent SRS, the frequency domain starting position of SRS is calculated by fomula defined in TS 38.211. It is difficult to modify the formula to ensure that the SRS frequency resource do not overlap with the UL subband. The simplest solution is to restrict PUCCH transmission to SBFD symbols only or non-SBFD symbols only. Alternatively, SRS transmission occasion overlapping with PRBs outside UL usable PRBs in SBFD symbols is postponed
Among the frequency resource allocation options listed in RAN1#116b meeting, Option 3 can be consider for PUCCH and SRS. 
Proposal 27. For PUCCH/SRS transmissions across SBFD symbols and non-SBFD symbols in different slots, at least Option 1 can be considered.
· Option 1: PUCCH repetitions in one symbol type is valid and PUCCH repetitions in the other symbol type is invalid regardless of whether or not the PUCCH resource overlaps with PRBs outside UL usable PRBs in SBFD symbols
CSI reports across SBFD and non-SBFD symbols
For reports across SBFD and non-SBFD symbols, the following agreements were achieved during last meeting. 
	Agreement(RAN1#112b-e)
For SBFD-aware UEs, study the following options for CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity is such that CSI-RS instances occur in both SBFD and 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.
· FFS impact on UE CSI processing and reporting timeline
Note: 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. 
Option 1-1 can be supported according to existing specification by gNB configuration of appropriate periodicities to ensure that the CSI-RS associated with each CSI-ReportConfig is confined to either SBFD symbols or non-SBFD symbols only. But it may restrict the gNB configuration flexibility and enhancements can be considered by additional indication or rules to determine the CSI-RS is valid within one symbol type and is invalid in the other symbol type.
Option 2-2 can be supported according to existing specification to configure measurement restriction so that UE would not average CSI measurements across SBFD and non-SBFD symbols.



In the current specification, each CSI reporting is associated with a DL BWP and contains the parameter(s) for one CSI reporting band, the following table summarizes main configuration parameters in the a CSI-ReportConfig, and try to give the potential issues for CSI reporting across SBFD and non-SBFD symbols. 
Table 4: Main configuration parameters in the a CSI-ReportConfig
	
	Parameters in CSI reporting 
	Reasons 

	Potential different impacts/configurations from SBFD and non-SBFD symbols

	Resources for channel measurement and interference measurement
	CMR and IMR across DL subbband in SBFD symbols, but it can be solved by one or two CSI-RS resources that are linked

	Same across SBFD and non-SBFD symbols

	frequency granularity for CQI and PMI (Wideband or subband in reportFreqConfiguration, and subbandSize)


	Prefer to be same across SBFD and non-SBFD symbols. No clearly benefit to have different frequency granularity for CQI and PMI

	
	time-domain behavior

	Same
One from 'aperiodic', 'semiPersistentOnPUCCH', 'semiPersistentOnPUSCH', or 'periodic'

	
	Codebook configuration including codebook subset restriction 

	Same

	
	Measurement restriction configurations, for Channel Measurements, and Interference Measurements

	Same
Configured or not configured

	
	CSI-related quantities, including cqi-Table and cqi-BitsPerSubband
	Same quantities, with same CQI table and CQI bits for subband



Clearly, only resources for channel measurement and interference measurement have reasons to have different configurations across SBFD and non-SBFD symbols, it can be solved by one or two CSI-RS resources that are linked in the section 2.2.1.1. The other parameters do not have strong reasons or benefits to be different. So we think Option 2: same CSI reporting for SBFD symbols and non-SBFD symbols is enough for CSI reporting. Especially, Option 2-2 is preferred: 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.
Proposal 28. For SBFD-aware UEs, for CSI report associated with periodic/semi-persistent CSI-RS, at least, across 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), support Option 2: same CSI reporting for SBFD symbols and non-SBFD symbols
· Option 2-2 is preferred: 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.

PDCCH
When PDCCH monitoring occasions crossing SBFD and non-SBFD symbols in different slots, it can be guaranteed by PDCCH monitoring occasion and CORESET configuration to never overlap with UL subband in SBFD symbols. Since if the frequency domain location of a CORESET in a SBFD symbol can also work for a non-SBFD symbol, CORESET location does not need to consider how to take full advantage of DL frequency resources, since PDSCH can use the other leftover parts. The location of CORESET only has to ensure the PDCCH capacity, and this part can be satisfied by enough RB number in CORESET.  SBFD is to improve UL delay and coverage, DL resource for is not bottleneck, so a clean CORESET and search space configuration has no problem. In addition, CORESET bitmap configuration has already sufficient flexibility to handle UL subband in frequency domain. 
	Agreement(RAN1#112b-e)
For the case that: 
(a) The monitoring periodicity of a search space is such that different monitoring occasions in different slots occur in SBFD and non-SBFD symbols, respectively, and,
(b) The associated CORESET overlaps the boundary of a DL subband in SBFD symbols
Consider whether/how the above could be supported considering both existing tools in specifications on CORESET and search space configuration as well as at least the following options for potential enhancement for SBFD-aware UE:
· Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
· Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
· Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
· Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)
· Option 5: Separate search spaces associated with a CORESET in SBFD and non-SBFD symbols
Note: Whether these enhancements are applicable to only USS or also CSS
Agreement RAN1#113
The following conclusion is to be captured in the TR
gNB can configure a CORESET and a search space in a way such that the MOs of the search space occur in either SBFD or non-SBFD symbols, or the MOs of the search space occur in both SBFD and non-SBFD symbols but the associated CORESET does not overlap the boundary of a DL subband in SBFD symbols.
If it is agreed to be beneficial that a CORESET and a search space are configured that the MOs of the search space occur in both SBFD and non-SBFD symbols and the associated CORESET overlaps the boundary of a DL subband in SBFD symbols, at least the following options can be considered for SBFD-aware UE:
· Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
· Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
· Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
· Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)
· Option 5: Separate search spaces associated with a CORESET in SBFD and non-SBFD symbols
Note: These options are applicable to at least USS 


Option 1 would increase the CORESET number per BWP, now it is up to 3 in Rel-15, and 5 for m-TRP. When separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols is applied, it will increase the complexity of UE implementation, since it has larger CORESET requirements, which may limit UE capability of maximum number of CORESET. Even if the CORESET index is not changed, it is not same between SBFD and non-SBFD symbol. Thus the number of CORESET is fundamentally increased.
For Option 2, rate matching or puncturing on the REG(s) is an unpractical solution.  RM or puncturing never ever supported for PDCCH/REG, due to a huge change to REG-CCE mapping. Frankly speaking, Option 2 is a castle in the air. 
For Option 5, we really have trouble to understanding it. If a CORESET in “Separate search spaces associated with a CORESET in SBFD and non-SBFD symbols” means same CORESET, it does not help to solve the non-contiguous resources or misaligned granularity in SBFD symbol. If a CORESET means any CORESET, not always same CORESET, it is same as Option 1. 
In summary, PDCCH monitoring and CCE-REG mapping is the most complex part for UE implementation, existing tools in specifications on CORESET and search space configuration already have sufficient flexibility for PDCCH, no enhancement is required. 
Observation 1. When PDCCH monitoring occasions crossing SBFD and non-SBFD symbols in different slots,
· Option 1 would increase the CORESET number per BWP, which will limit UE capability of maximum number of CORESET. 
· Option 2: Rate matching or puncturing on the REG(s) is an unpractical solution, due to a huge change to REG-CCE mapping
· Option 5 cannot work at all. 

Proposal 29. When PDCCH monitoring occasions crossing SBFD and non-SBFD symbols in different slots, it can be guaranteed by PDCCH monitoring occasion and CORESET configuration to never overlap with UL subband in SBFD symbols.
[bookmark: OLE_LINK110]Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols
Resources Configuration
Different from frequency domain, we are not convinced why time domain resource need to improve. Considering the time granularity of SBFD is contiguous in a TDD DL/UL pattern period, there would be no problem to have same time domain resources for SBFD or non-SBFD slots. Due to there are only up to 2 transition points of SBFD/non-SBFD, it is unnecessary to provide solution for the potential switching. So the resource allocation in time domain can maintain the same for SBFD and non-SBFD slots.
Proposal 30. [bookmark: OLE_LINK150]Same time domain resources applied for UL transmissions on SBFD symbols and non-SBFD symbols. 
Frequency hopping parameters 
In current specification, PUSCH frequency hopping range is limited in the UL BWP. The starting RB of first hop is indicated by RB assignment information of resource allocation type 1. The starting RB of second hop is calculated based on  the starting RB of first hop,  the frequency offset between two frequency hops and BWP size.  As can be seen in Figure 6, PUSCH resource may overlap with DL subband if legacy frequency hopping fomula and frequency offset are reused. Thus, frequency offset between two frequency hops  for SBFD symbols can be configured seperatly. In addition, PUSCH frequency hopping fomula should be updated to ensure PUSCH frequency hopping is within the UL subband. Similar methods can be studied for PUCCH to ensure PUCCH frequency hopping is within the UL subband.


Figure 6: PUSCH frequency hopping
Proposal 31. Frequency offset between two frequency hops  for SBFD symbols should be configured seperatly and PUSCH frequency hopping fomula should be updated to ensure PUSCH frequency hopping is within the UL subband.
UL power control parameters and Beam/spatial relation
In RAN1#116b meeting, it was agreed to study the feasibility and enhancements to support separate power control and/or spatial relation for SRS, PUCCH and PUSCH in SBFD and non-SBFD symbols in different slots.
	Agreement:
[bookmark: OLE_LINK141]Study the feasibility and enhancements to support separate power control and/or spatial relation for SRS, PUCCH and PUSCH in SBFD and non-SBFD symbols in different slots, including repetition and non-repetition, by considering existing schemes, e.g. multi-TRP PUCCH/PUSCH repetition schemes.




[bookmark: OLE_LINK142]Multi-TRP PUCCH/PUSCH repetition was supported since Rel-17, and it was enhanced during Rel-18 to support unified TCI.  Two aspects should be decide before further study the feasiblility and enhancements to support separate power control/ spatial relation:
· [bookmark: OLE_LINK143]Whether or not multi-TRP is supported combined with SBFD/non-SBFD. From our view, we can focus on single-TRP deployment, and not touching multi-TRP senarios. Because it can make the discussion more complex. 
· [bookmark: OLE_LINK144]Second, only one or both of legacy spatial relation or unified TCI can be studied. To be honest, legacy spatial relation configuration/indication may be too complex and with huge singling overhead. Legacy power control methods cannot be changed according to spatial relation. So our suggestion is at least unified TCI can be studied for both spatial relation and power control. 
Proposal 32. Two aspects should be decide before further study the feasiblility and enhancements to support separate power control/ spatial relation:
· Focus on single-TRP deployment 
· At least unified TCI can be studied for both spatial relation and power control 
UE collision handling 
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]There was a agreement in RAN1#116 meeting about UE collison handling. According to collision between UL transmissions and DL receptions in the same SBFD symbol, if link direction indication is not supported or provided, the following cases can be discussed. If link direction indication is supported or provided, collision can be separately discussed. 
	Agreement:
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK15][bookmark: OLE_LINK17]For SBFD-aware UEs, collisions between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol may be addressed or alleviated with proper scheduling. The following cases of potential collisions, [if link direction indication is not supported or provided], can be further studied to see if any change to the current specs is necessary:
· Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
· e.g., dynamic PDSCH or CSI-RS collides with configured SRS, PUCCH, or CG PUSCH
· Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
· e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH
· Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
· Case 5: SSB vs. dynamically scheduled or configured UL transmission
· e.g., PUSCH, PUCCH, PRACH, SRS
· Case 6: Dynamic or semi-static DL vs. valid RO
Note: In addition to collision between UL transmission and DL reception in the same SBFD symbol(s), collision between UL transmission and DL reception in different symbol(s) due to lack of sufficient transition time between Tx/Rx at UE side is also included.



In RAN1#116 meeting, there two agreements about Case 1 and Case 2.
	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




[bookmark: OLE_LINK47][bookmark: OLE_LINK48]Link direction indication is not supported or provided
For collision Case 1 and Case 2, the existing collision handling principles can be reused. The existing handling principle is not restrict to dynamic transmission/reception without repetition. Thus, for collison between dynamically scheduled DL reception with repetition and semi-statically configured UL transmission, UL transmission should be cancelled if cancellation timeline is met. For collision between semi-statically configured DL reception and dynamically scheduled UL transmission with repetition in the SBFD symbol, UE does not receive DL channel/signal.
For collision Case 3, legacy rules should be applied, since there is no different for SBFD symbol and flexble symbol, considering UL/DL collision. An SBFD-aware UE does not expect to receive both dedicated higher layer parameters configuring transmission in UL subband from the UE in the set of symbols of the slot and higher layer parameters configuring reception in DL subband(s) in the set of symbols of the slot.
For collision Case 4, it can treated as an error case , as same as current specification stated. There is no different for SBFD symbol and flexble symbol, considering UL/DL collision. It is natural and easy for gNB to have non-overlapping dynamic UL transmissions and dynamic DL receptions.
For case 6, the legacy UE behaviour can be applied, which is up to UE implementation. 
Proposal 33. For collison between dynamically scheduled DL reception with repetition and semi-statically configured UL transmission, UL transmission should be cancelled if cancellation timeline is met.
Proposal 34. For collision between semi-statically configured DL reception and dynamically scheduled UL transmission with repetition in the SBFD symbol, UE does not receive DL channel/signal.
Proposal 35. For collision between dynamic UL transmissions and dynamic DL receptions, it can be treated as an error case.
Proposal 36. For collision between dynamic UL transmissions/ DL receptions and semi-statically DL receptions/UL transmissions, semi-statically DL receptions/ UL transmissions should be dropped.
Proposal 37. For collision between semi-statically UL transmissions and semi-statically DL receptions, it can be treated as an error case.
Proposal 38. For collision between valid RO and dynamic or semi-static DL signal/channel, it is up to UE implementation.
For collision Case 5, re-use the existing collision handling principles for NR TDD that SSB is prioritized over configured UL transmission and dynamically scheduled UL transmission. We think SBFD-aware UE are not allowed to transmit UL in the SSB symbols but can only receive within the DL BWP in the SSB symbol.
	Agreement RAN1#113
The following conclusion is to be captured in the TR
[bookmark: OLE_LINK49][bookmark: OLE_LINK50]If SBFD-aware UEs are not allowed to transmit in the SSB symbol but is allowed to receive within the DL BWP in the SSB symbol, negative impact on SSB detection and measurement can be avoided but UL performance may be degraded due to fewer UL opportunities.
If SBFD-aware UE is allowed to transmit in the SSB symbol, the UE may only transmit UL in an UL subband depending on gNB scheduling, configuration, UE measurement or priority rule. There may be negative impact on SSB detection and measurement if the SBFD-aware UE is requested to transmit in the SSB symbol.



The reasons are listed below:
· Because gNB do not aware of the SSB reception of the RRC Connected UE, it cannot guarantee the UL can be transmitted from the UE side. So UL transmission has a high possibility cannot be sent by UE, gNB is more likely to avoid UL scheduling in SSB symbols. 
· There may be negative impact on SSB detection and measurement if the SBFD-aware UE is requested to transmit in the SSB symbol.
· Next, SSB has the highest priority in legacy, dynamic scheduling or semi-static or period scheduling, even with SBFD configuration overlapping with SSB symbols, according to current UE behaviour, UL transmissions are always dropped.   
· Last, when SSB located within or overlapping with the UL subband, UL transmission cannot be performed anyway.  
	

	



Figure 9: SBFD operation in SSB symbols
Proposal 39. When UL subband is overlapping with SSB symbol, SBFD-aware UE cannot transmit in the SSB symbol but can only receive within the DL BWP in the SSB symbol.
Furthermore, SBFD-aware UEs are allowed to receive within the entire DL BWP in the SSB symbol, or still within the DL usable PRBs can be further discussed. If DL reception within the entire DL BWP, it means SBFD in SSB symbol is disabled and fallback to legacy DL symbol, which can make more transition points. If DL reception only within the DL usable PRBs and left UL subband empty, it would waste some resources. But obviously, both can work. We suggest to do down selection between them.
Proposal 40. For SBFD-aware UE reception in SSB symbol, following options can be further down selected:
· SBFD-aware UEs are allowed to receive within the entire DL BWP in the SSB symbol
· SBFD-aware UEs are allowed to receive within the DL usable PRBs in the SSB symbol
If link direction indication is supported or provided
If link direction indication is supported or provided, the UE can only be allowed to perform UL transmit in UL subband or DL reception in DL subband. In this senario, semi-statically UL/DL is cancelled if it is against the link direction indication, according to the current collision handling.  For example, if link direction indicate by gNB is DL, CG PUSCH transmission in UL subband is invalid and should be cancelled. For  dynamic DL/UL scheduling, it should be aligned with link direction indication. It is reasonable that gNB would indicate a link direction for DL and schedule transmission on UL resource and vice versa. Obviously, if link direction indication is supported or provided, the legacy relus to handle reception/ transmission and symbol direction collison can be reused.
Proposal 41. If link direction indication is supported or provided, semi-statically configured UL/DL is cancelled if it is against the link direction indication.
Proposal 42. If link direction indication is supported or provided, UE does not expect dynamic DL/UL scheduling to contradict link direction indication.
[bookmark: _GoBack]Conclusion
In this contribution, we made the following observations and proposal.
Observation 1. When PDCCH monitoring occasions crossing SBFD and non-SBFD symbols in different slots,
· Option 1 would increase the CORESET number per BWP, which will limit UE capability of maximum number of CORESET. 
· Option 2: Rate matching or puncturing on the REG(s) is an unpractical solution, due to a huge change to REG-CCE mapping
· Option 5 cannot work at all. 

Proposal 1. Only Cell-specific configuration on frequency location of SBFD subbands is supported within a TDD carrier.
Proposal 2. Semi-static indication of time and/or frequency locations of SBFD subbands in SIB is supported.
Proposal 3. For semi-static configuration of subband time locations for SBFD operation, we suggest
· Indicate starting position in a TDD-UL-DL pattern period
· Length of SBFD symbols in a TDD-UL-DL pattern period or ending position
· Whether/how to configure transmission periods between SBFD region and non-SBFD region
Proposal 4. The SBFD period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon when only one TDD-UL-DL pattern is configured.
Proposal 5. The SBFD period is the sum of the two TDD-UL-DL pattern periods when two TDD-UL-DL patterns are configured .
Proposal 6. Frequency location configuration 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). 
· UL subband or each DL subband is configured by the contiguous number of CRBs, according to each DL/UL subcarrier spacing in a serving cell.
Proposal 7.  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 8. For SBFD-aware UE transmission and reception in an SBFD symbol, Option 1 and Option 2 can be supported 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.
Proposal 9. For a physical channel/signal with transmission/reception occasion mapped to SBFD and non-SBFD symbols within a slot, SBFD aware UE does not transmit or receive the physical channel/signal within the slot.
Proposal 10. For interpretation between SBFD confiugation and slot format signalling, it is porposed the following behaviors for SBFD-aware UE in case of flexible symbols are configed as SBFD operation: 
· tdd-UL-DL-ConfigurationDedicated or SFI config flexible symbols into DL symbols, SBFD-aware UE performs DL reception in flexible symbols.
· tdd-UL-DL-ConfigurationDedicated or SFI config flexible symbols into DL or flexible symbols, SBFD-aware UE performs SBFD operation in flexible symbols.
· UL transmission in UL subband, DL reception in DL subband
Proposal 11. SBFD-aware UE transmission and reception in SBFD symbols with interaction with DL and/or flexible in TDD-UL-DL- ConfigurationDedicated, and DL in SFI,
· UL transmissions within UL usable PRBs are allowed, CD SSB and NCD SSB can be separately discussed.
· 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, CLI measurement can be separately discussed.
Proposal 12. For frequency domain resource allocation Type 1 for PDSCH in a single slot scheduled at least by DCI format in USS, Option 1-1 is supported. 
· 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
· For DMRS sequence, it is mapped in actual allocated PRBs for PDSCH, by excluding frequency resources outside DL usable PRBs
Proposal 13. For frequency resource allocation Type 0 for PDSCH or PUSCH in a single slot by DCI based scheduling (without repetition or TBoMS), 
· TB size is calculated based on the actual allocated PRBs within DL/UL usable PRBs. 
· PDSCH/PUSCH DMRS is mapped in actual allocated PDSCH/PUSCH resources. 
Proposal 14. For frequency resource allocation Type 1 with RBG for PDSCH or PUSCH in a single slot by DCI format 0_2/0_3/1_2/1_3 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.
· Assigned RBGs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping. Assigned RBGs that fall outside UL usable PRBs are considered to be invalid and should not be used for PUSCH resource mapping.
Proposal 15. For the frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs, one contiguous CSI-RS resource allocation with non-contiguous resource derived by excluding frequency resources outside DL subband(s) is supported.
Proposal 16. If PRG is determined as wideband, non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated (Option 1).
Proposal 17. [bookmark: OLE_LINK148]The condition for wideband PRG determination can be further discussed.
Proposal 18. If PRG is determined as wideband, SBFD-aware UEs would make no assumption of same precoding across two DL subbands .
Proposal 19. For a PRG that overlaps with subband boundary, partial DL PRG inside the DL subband can be used.
Proposal 20. [bookmark: OLE_LINK149]When a 4RB grid of an assigned CSI-RS resource which overlaps with SBFD subband boundaries, only the RBs within  DL usable PRBs are considered to be valid for SBFD-aware UE.
Proposal 21. For RBG size in SBFD symbols, it is still determined based on the sizes of DL/UL BWP.
Proposal 22. For the CSI reporting subband size in SBFD symbols,  it is still determined based on the size of DL BWP.
Proposal 23. The resource indication of PUSCH scheduled by DCI format 0_0 in CSS is for non-SBFD symbols. 
· If the PUSCH is in SBFD symbols, it starts from the lowest RB indicated by DCI + RB offset.
· The RB offset can be the first UL usable PRB in active UL BWP
Proposal 24. Assigned PRBs in PDSCH scheduled by DCI format 1_0 in CSS are all inside DL usable PRBs.
Proposal 25. For an SPS PDSCH/CG-PUSCH configuration without repetitions, Option 1 and 2 can be removed first, and Option 3/4/5 can be for further down-selection/discussion.
Proposal 26. For PDSCH/PUSCH repetition, multi-PDSCH/PUSCH and TBoMS across SBFD symbols and non-SBFD symbols in different slots, Option 1/2 and 6 can be removed first, and Option 3/4/5 can be for further down-selection/discussion.
Proposal 27. For PUCCH/SRS transmissions across SBFD symbols and non-SBFD symbols in different slots, at least Option 1 can be considered.
· Option 1: PUCCH repetitions in one symbol type is valid and PUCCH repetitions in the other symbol type is invalid regardless of whether or not the PUCCH resource overlaps with PRBs outside UL usable PRBs in SBFD symbols
Proposal 28. For SBFD-aware UEs, for CSI report associated with periodic/semi-persistent CSI-RS, at least, across 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), support Option 2: same CSI reporting for SBFD symbols and non-SBFD symbols
· Option 2-2 is preferred: 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.
Proposal 29. When PDCCH monitoring occasions crossing SBFD and non-SBFD symbols in different slots, it can be guaranteed by PDCCH monitoring occasion and CORESET configuration to never overlap with UL subband in SBFD symbols.
Proposal 30. Same time domain resources applied for UL transmissions on SBFD symbols and non-SBFD symbols. 
Proposal 31. Frequency offset between two frequency hops  for SBFD symbols should be configured seperatly and PUSCH frequency hopping fomula should be updated to ensure PUSCH frequency hopping is within the UL subband.
Proposal 32. Two aspects should be decide before further study the feasiblility and enhancements to support separate power control/ spatial relation:
· Focus on single-TRP deployment 
· At least unified TCI can be studied for both spatial relation and power control 
Proposal 33. For collison between dynamically scheduled DL reception with repetition and semi-statically configured UL transmission, UL transmission should be cancelled if cancellation timeline is met.
Proposal 34. For collision between semi-statically configured DL reception and dynamically scheduled UL transmission with repetition in the SBFD symbol, UE does not receive DL channel/signal.
Proposal 35. For collision between dynamic UL transmissions and dynamic DL receptions, it can be treated as an error case.
Proposal 36. For collision between dynamic UL transmissions/ DL receptions and semi-statically DL receptions/UL transmissions, semi-statically DL receptions/ UL transmissions should be dropped.
Proposal 37. For collision between semi-statically UL transmissions and semi-statically DL receptions, it can be treated as an error case.
Proposal 38. For collision between valid RO and dynamic or semi-static DL signal/channel, it is up to UE implementation.
Proposal 39. When UL subband is overlapping with SSB symbol, SBFD-aware UE cannot transmit in the SSB symbol but can only receive within the DL BWP in the SSB symbol.
Proposal 40. For SBFD-aware UE reception in SSB symbol, following options can be further down selected:
· SBFD-aware UEs are allowed to receive within the entire DL BWP in the SSB symbol
· SBFD-aware UEs are allowed to receive within the DL usable PRBs in the SSB symbol
Proposal 41. If link direction indication is supported or provided, semi-statically configured UL/DL is cancelled if it is against the link direction indication.
Proposal 42. If link direction indication is supported or provided, UE does not expect dynamic DL/UL scheduling to contradict link direction indication.
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