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Introduction
[bookmark: _Toc156813300]In RAN1 #116 meeting, the following agreements were made for SBFD TX/RX/measurement procedures:
Agreement
For RRC connected mode UEs, at least cell-specific configuration on time and frequency(working assumption) location of SBFD subbands is supported within a TDD carrier.
· FFS: Additional support of UE-specific configuration on time and/or frequency locations of SBFD subbands
Agreement:
For RRC connected mode UEs, SBFD subband time locations are configured within a period. At least when only one TDD-UL-DL pattern is configured, the period is down-selected from one of the following options.
· Option 1: The period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· Option 2: The period is integer multiple of TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· FFS: Further details
FFS: Details when two TDD-UL-DL patterns are configured
Agreement:
The maximum number of UL subbands for SBFD operation in an SBFD symbol within a TDD carrier is one.
The UL subband can be located at one side of the carrier or can be located at the middle part of the carrier.
For semi-static indication of SBFD subband frequency location, down-select from the following options.
· Option 1: Frequency locations of UL subband and DL subband(s) are explicitly configured. Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s). 
· Option 2: Frequency location of UL subband and the number of RBs for guardband(s), if any, are explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).
Agreement
A slot can consist of SBFD symbols and non-SBFD symbols.
For semi-static indication of SBFD subband time location,
· When only one TDD-UL-DL pattern is configured, SBFD symbols are configured in consecutive manner within a TDD-UL-DL pattern period. When two TDD-UL-DL patterns are configured and if SBFD symbols are configured for only one of the patterns, SBFD symbols are configured in consecutive manner within the TDD-UL-DL pattern period. When two TDD-UL-DL patterns are configured and if SBFD symbols are configured for both patterns, SBFD symbols are configured in consecutive manner within each TDD-UL-DL pattern period.
· SBFD symbols are configured in DL and/or flexible symbols configured in TDD-UL-DL-ConfigCommon
· The configured SBFD symbols can start from any symbol within a slot and can end in any symbol within a slot.
· referenceSubcarrierSpacing in TDD-UL-DL-ConfigCommon is used as reference SCS.
· FFS details
Agreement
The subband frequency-domain resources are same across different SBFD symbols within a TDD carrier. Frequency location of cell specific UL subband, and DL subband(s) if explicitly indicated, are indicated with reference to CRB grid.
· RB-level granularity is supported for semi-static indication of SBFD subband frequency location.
· Subject to RAN4 guidance on the size of subband/guardband, if any
· FFS reference starting RB and reference SCS
Agreement
For discussion purpose, UL subband frequency resources within active UL BWP are called UL usable PRBs and DL subband(s) frequency resources within active DL BWP are called DL usable PRBs.
For determining UL/DL usable PRBs, consider the following options.
· 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.
Agreement
For SBFD-aware UE transmission and reception in the SBFD symbols configured in DL and/or flexible in TDD-UL-DL-ConfigCommon, 
· UL transmissions within UL usable PRBs are allowed
· FFS SSB symbols
· DL receptions within DL usable PRBs are allowed
· UL transmissions outside UL usable PRBs are not allowed
· DL receptions outside DL usable PRBs are not allowed
· This restriction is not applicable for CLI measurement
CLI measurement behaviours for SBFD-aware UE are discussed in agenda item 9.3.3.
RAN1 to discuss SBFD aware UE behaviors in SBFD symbols with interaction with legacy TDD slot configuration indications via TDD-UL-DL-ConfigDedicated and SFI in DCI format 2_0
· DCI format 2_0 cannot be used to revert SBFD symbol to non-SBFD symbol
Agreement
For SBFD-aware UE transmission and reception in an SBFD symbol, consider the following options to determine link direction, i.e. whether to transmit or to receive in the SBFD symbol. 
· Option 1: UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any).
· Option 2: link direction is indicated by gNB explicitly.
Other options are not precluded. 
Agreement:
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 this contribution, we discuss potential enhancements on SBFD TX/RX/measurement procedures.
1. 
2. 
SBFD subband location indication
1. [bookmark: _Hlk157086697]
2. 
2.1. Semi-static indication of time location of SBFD subbands
[bookmark: _Hlk161129391]For RRC connected mode UEs, when only one TDD-UL-DL pattern is configured, two options to configure SBFD subband time locations within a period were proposed in RAN1 #116. The difference between the two options is the number of multiples of SBFD period and TDD-UL-DL pattern period. Generally, we think gNB should configure both TDD slot configuration and SBFD symbol configuration according to the UL/DL transmission requirements of the entire cell. Therefore, the SBFD period should be the same as TDD slot configuration period. Specifically, when only one TDD-UL-DL pattern is configured, the SBFD period equals to P ms provided by dl-UL-TransmissionPeriodicity in pattern1. When two TDD-UL-DL patterns are configured, the SBFD period equals to P+P2 ms, where P and P2 are provided by dl-UL-TransmissionPeriodicity in pattern1 and pattern2, respectively. 
Considering SBFD symbols are configured in DL and/or flexible symbols configured in TDD-UL-DL-ConfigCommon and have the same period provided by tdd-UL-DL-ConfigurationCommon, it is a more straightforward implementation that the cell-specific SBFD symbols are configured as parameters in tdd-UL-DL-ConfigurationCommon. Considering the SBFD symbols can start from any symbol within a slot and can end in any symbol within a slot, the parameters of SBFD symbols in each TDD UL/DL pattern period can include a first slot, a first symbol, a number of slots and an ending symbol.
For SBFD-aware UE in the SBFD symbols configured in DL and/or flexible in TDD-UL-DL-ConfigCommon, both UL transmissions outside UL usable PRBs and  DL receptions outside DL usable PRBs are not allowed, so UE should ignore the indication for the SFBD symbols in TDD-UL-DL-ConfigDedicated and/or a DCI format 2_0.
[bookmark: _Hlk161134091][bookmark: _Hlk161134098]Proposal 1: The SBFD period is the same as slot configuration period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· [bookmark: _Hlk161134145]When only one TDD-UL-DL pattern is configured, the SBFD period equals to P ms (option 1);
· When two TDD-UL-DL patterns are configured, the SBFD period equals to P+P2 ms.
[bookmark: _Hlk161135072]Proposal 2: SBFD symbols can be configured as parameters in tdd-UL-DL-ConfigurationCommon.
Proposal 3: The parameters of SBFD symbols in each TDD UL/DL pattern period can include a first slot, a first symbol, a number of slots and an ending symbol.
[bookmark: _Hlk161154261]Proposal 4: A SBFD-aware UE ignores the indication for semi-statically configured SFBD symbols in TDD-UL-DL-ConfigDedicated and/or a DCI format 2_0.
2.2. [bookmark: _Hlk162257873]Semi-static indication of frequency location of SBFD subbands
In order to avoid the serious interference from UL transmission within a UL subband to DL reception within the DL subband for the case where the SCS of UL subband and DL subband is different, it is expected that the SCS of the active DL BWP is same as that of active UL BWP if SBFD is configured to a UE.
Proposal 5: If SBFD is configured to a UE, it is expected that the SCS of the active DL BWP overlapping with UL subband is same as that of active UL BWP.
The frequency location of SBFD subbands should be cell-specific configuration. UL subband can be explicitly configured for each one of carriers with different SCSs that are used in different BWPs, i.e. RIV configuration with reference to Point A and SCS defined for corresponding UL carrier can be used to indicate the UL subbands. On the other hand, since the frequency-domain structure of SBFD can be {D1-U-D2}, {U, D} or {D, U}, it is not efficient in signaling overhead to explicitly indicate DL subbands. Therefore, we propose configuring the DL invalid frequency resource (i.e. the inner frequency boundary of DL subband) for each one of DL carriers with different SCSs that are used in different BWPs, i.e. RIV configuration with reference to Point A and SCS defined for corresponding DL carrier should be used to indicate the DL invalid frequency resources.
Proposal 6: RIV configuration with reference to Point A and SCS defined for corresponding UL carrier should be used to indicate UL subband.
[bookmark: _Hlk162259018]Proposal 7: RIV configuration with reference to Point A and SCS defined for corresponding DL carrier should be used to indicate the invalid frequency resources for DL subband (i.e. the inner frequency boundary of DL subband).
The configuration of UL/DL BWP and UL/DL subband should have sufficient flexibility, i.e. frequency resources of SBFD subbands may be within one active BWP or out of one active BWP. One example is shown in Figure 1, if BWP1 or BWP3 is activated, the UL usable PRBs are the intersection of active UL BWP and UL subband; if BWP 2 is activated, there is no UL usable PRBs.


Figure 1. One example of the configurations of UL/DL BWPs and UL/DL subband
Proposal 8: 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.

Transmission, reception and measurement behaviors in SBFD subbands
3. 
3.1. Enhancement on resource allocation
PRG of PDSCH
The following agreements and conclusions were made during the study phase:
	Agreement
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
Agreement
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
Conclusion
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


The first issue to be studied for PDSCH PRG is whether partial PRG inside DL usable PRBs caused by unaligned boundaries between PRG and DL/UL usable PRBs is supported for precoder granularity of 2 and 4 PRBs. We support these partial PRBs can be supported and allocated to PDSCH transmission for better resource utilization. In addition, partial PRG already exists in the current NR specs, e.g. the first PRG and last PRG of the BWP, according to the PRG partition rules defined in TS 38.214. And the partial PRGs can be allocated for PDSCH transmissions based on the existing resource allocation mechanism. So it is preferred that for partial PRGs with size of 2 and 4 that overlaps with subband boundary, the PRBs inside the DL usable PRBs are considered for channel estimation and PRBs outside the DL usable PRBs are not used.
Proposal 9: For partial PRGs with size of 2 and 4 that overlaps with boundary of DL usable PRBs, the PRBs inside the DL usable PRBs can be used for channel estimation while PRBs outside the DL usable PRBs cannot be used.
The second issue to be studied for PDSCH PRG is if wideband PRG is determined, whether non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated. We support to relax the restriction in current spec that “if PRG is determined as “wideband”, the UE is not expected to be scheduled with non-contiguous PRBs” and support of non-contiguous frequency resources across two DL subbands. For the precoding assumption within each DL subband, we suppose UE can assume the same precoding to be applied to the contiguous resources within one DL subband in order to achieve potential gain through joint channel estimation. For the precoding assumption across the two DL subbands, it can be further studies whether same or different precoders are assumed. 
Moreover, in the current NR spec, dynamic PRB bundling size indication is supported based on the PRB bundling size indicator in DCI and the scheduled PRBs, e.g., if the size of the scheduled PRBs is larger than /2, wideband precoder is applied, otherwise, PRG of size 2 or 4 is assumed. For the precoder size determination in SBFD symbols, it is proposed that the PRB bundling size should be determined based on the size of the scheduled PRBs and the DL usable PRBs size, instead of BWP size.
Proposal 10: If PRG is determined as wideband, support option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subbands can be allocated. And UE assumes same precoding within each DL subband.
Proposal 11: RAN1 further studies the minimum PRB size for enabling wideband precoder.
RBG size
In current spec, frequency resource allocation range and RBG size are determined by active BWP size. However, when UL/DL subband is introduced, the effective UL/DL bandwidth available in the BWP may become smaller, which gives a chance to make the resource allocation granularity finer to improve resource utilization efficiency. Specifically, the RBG size can be determined based on the size of DL/UL usable PRBs if the corresponding PDSCH/PUSCH transmission is scheduled in the SBFD symbols. While the FDRA field size is still determined based on the active BWP size to guarantee the DCI size is not varied among SBFD symbols and non-SBFD symbols.
Proposal 12: If a PDSCH/PUSCH is scheduled in SBFD symbols, RBG size is determined based on the size of DL/UL usable PRBs, while the FDRA field size is still determined based on active BWP size.
PDSCH RA type 1 FDRA
For PDSCH resource allocation type 1, only contiguous VRBs can be allocated to a scheduled UE. For non-interleaved VRB-to-PRB mapping, only contiguous PRBs within one DL subband can be allocated and the FDRA can not across two DL subbands. For interleaved VRB-to-PRB mapping, it may be difficult for gNB to perform appropriate resource allocation in order to avoid the overlapping with UL subband. Therefore, rate matching around UL subband and guard band (if any) in the allocated SBFD symbols (including DMRS symbols) can be considered to derive available PRBs from the indicated PRBs by type 1 FDRA.
Proposal 13: For PDSCH resource allocation type 1, support rate matching around UL subband and guard band (if any) in the allocated SBFD symbols (including DMRS symbols) to derive available PRBs from the indicated PRBs.
With support of rate matching around UL subband and guard band, the available PRBs can be derived, which may be much less than then number of indicated PRBs. Then how to determine the TBS is another issue to be further studied. According to current spec, TB size is determined by total RE number and transmission scheme of PDSCH, including code rate , modulation order  and transmission layer . Total RE number  is determined by RE number per RB and RB number , i.e..  However, with SBFD operation on gNB side, the PDSCH resource allocated to a UE (UE-A) may overlap with UL subband that is used for UL transmission of another UE (UE-B), therefore the PDSCH transmission for UE-A may not be able to use the RBs overlapping with the UL usable PRBs and the guard bands (if any) around the UL usable PRBs. Because the total size of UL usable PRBs and the guard band can be large enough to be comparable to resources allocated to PDSCH itself, the amount of RBs used to determine the TB size should not count the RBs overlapping with the UL usable PRBs and the guard bands (if any). 
Link-level simulation is conducted to show the performance loss without the enhancement of TB size determination. Specifically, the following cases are evaluated under the assumption that the UL subband size is 20 RB and the total RB number indicated for PDSCH is 40 RB. PDSCH is rate-matched around the UL subband and MCS for each PDSCH transmission is determined according to the SINR and AMC adjustment:
· Case 1 (with TBS enhancement): the RB number used in TBS determination is equal to the actual RB number used for PDSCH transmission (40(indicated in DCI)-20(UL subband size)=20 RB)
· Case 2 (w/o TBS enhancement): the RB number used in TBS determination is equal to the RB number indicated in scheduling DCI (40 RB)
From the simulation results, it is observed that under the premise that 10% BLER is AMC-locked for both case 1 and case 2, case 1 shows about 23% gain in terms of spectrum efficiency. The performance gain comes from accurate TBS determination; if TBS is calculated based on the indicated RB number and simply relay on gNB to lower the MCS, the PDSCH cannot use the optimal modulation and coding scheme, which would surely result in lower spectrum efficiency.
[image: ]
Figure 2: Spectral efficiency result for different TBS determination schemes
Observation 1: For PDSCH scheduling of 40-RBs over a 20-RB UL subband, using the number of actually used RBs (40-20=20RB) in TBS determination can raise spectrum efficiency by 23% comparing to using the number of RBs (40RBs) indicated in scheduling DCI for TBS determination.  
Proposal 14:  The amount of RBs used to determine the PDSCH TB size does not count the RBs overlapping with the UL usable PRBs and the guard bands (if any).	
Tx/Rx across SBFD and non-SBFD symbols within a slot
For whether a transmission/reception of a physical channel/signal can be mapped to SBFD symbol and non-SBFD symbol within a slot, the following agreement was made in the study phase:
	Agreement
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.


Transmission/reception in SBFD symbol and non-SBFD symbol may employ different RF chain/antenna panel configuration, different transmission power and different filtering, so switching period is necessary between SBFD symbols and non-SBFD symbols, from the above perspective, we support each actual transmission/reception within a slot within one type of symbol, that is either all SBFD symbol or all non-SBFD symbol. 
For dynamic transmission/reception, it is easier to ensure that each transmission/reception within a slot has either all SBFD or all non-SBFD symbols by gNB reasonable schedule. For semi-static transmission/reception, transmission/reception in different periods may occur in different type of symbols, so it is not easy to always allocate transmission/reception in each period in either all SBFD symbols or all non-SBFD symbols. Taking 1-slot period CG as an example, CG PUSCH is inevitably allocated in a slot with DL, UL and Flexible symbol and PUSCH duration may consist of DL symbol with UL subband (SBFD-symbol) and UL symbol (non-SBFD symbol). And to avoid complex specification and implementation work, CG PUSCH including both SBFD-symbol and non-SBFD symbol can be dropped.
Proposal 15: Each actual transmission/reception within a slot has either all SBFD symbols or all non-SBFD symbols.
· Appropriate scheduling ensures the dynamic transmission/reception within a slot has either all SBFD symbols or all non-SBFD symbols.
· CG PUSCH/SPS PDSCH occasion overlapping with both SBFD-symbol and non-SBFD symbol is dropped.
3.2. Transmissions and receptions across SBFD symbols and non-SBFD symbols
For transmissions and receptions across SBFD symbols and non-SBFD symbols in different slots where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, the following agreements was made during the study phase:
	Agreement
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols)
· Study the following options for SBFD-aware UEs:
· Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols
· UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols include the following:
· PDSCH/PUSCH/PUCCH repetitions
· SPS PDSCH/CG PUSCH
· TBoMS
· Multi-PUSCH/PDSCH scheduled by a single DCI
· Periodic/semi-persistent SRS/CSI-RS/PUCCH
· PDCCH

Agreement
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), if the transmissions/receptions can be in SBFD symbols and non-SBFD symbols with different available resources, study at least the following frequency resource allocation options for PDSCH, CSI-RS, PUSCH, PUCCH, SRS for SBFD-aware UE:
· Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots. 
· Option 1-1: Separate FDRA configurations/indications for SBFD slots and non-SBFD slots
· Option 1-2: Separate frequency resources determined for SBFD slots and non-SBFD slots based on single FDRA configuration/indication 
· Option 1-3: single FDRA configuration/indication and RB offset(s)
· Option 2: Perform rate matching or puncturing on the RBs outside DL/UL subbands for DL/UL channels/signals. 
· Option 3: A DL/UL channel/signal overlapping with RBs outside DL/UL subbands in a SBFD slot is dropped or postponed.
Note: Different options can be studied for different signals/channels.


Different signals/channels may employ different coding and transmission scheme, which may lead to different solutions. Therefore, in the following we separately discuss the applicable options for PUCCH, PUSCH, PDSCH, PDCCH and CSI report.
PUCCH
As we discussed in the following section 3.3, separate PUCCH configuration for SBFD symbols and non-SBFD symbols is preferred considering the different available frequency resources, interference conditions, antenna/panel assumptions in SBFD symbols and non-SBFD symbols. So for periodically transmitted PUCCH without repetitions, if the PUCCH is in legacy UL symbols, then the legacy PUCCH configuration can be used to determine the corresponding PUCCH resource; while if the PUCCH is in SBFD symbols, then the PUCCH configuration corresponding to the SBFD symbols can be used to determine the PUCCH resource. That is, for periodically transmitted PUCCH without repetitions, option 1-1 can be enabled naturally with support of separate PUCCH configurations for SBFD symbols and non-SBFD symbols. 
However, for PUCCH repetitions across SBFD symbols and non-SBFD symbols, it would be better to restrict all the repetitions of the PUCCH in the same time and frequency resources to achieve the potential gain of soft combining of Polar coding. In such a case, option 3 is more appropriate. Then it should be further studied how to determine the time and frequency resources for the PUCCH repetitions. One straightforward way is to determine the resource for the first PUCCH repetition according to its symbol type and then same time and frequency resource are applied to the following PUCCH repetitions, which is shown in the left sub-figure of Figure 3. Another alternative is that the resources of all the PUCCH repetitions are determined based on the PUCCH configuration corresponding to SBFD symbols, and in this way, the latency can be reduced comparing to the former alternative, which is shown in the right sub-figure of Figure 3.
	

Left sub-figure
	

Right sub-figure


Figure 3: Examples of PUCCH repetition
Proposal 16: For periodic PUCCH without repetition across SBFD symbols and non-SBFD symbols, support option 1-1 via separate PUCCH configurations for SBFD symbols and non-SBFD symbols.
Proposal 17: For PUCCH with repetitions across SBFD symbols and non-SBFD symbols, support option 3.
Proposal 18: For PUCCH with repetitions across SBFD symbols and non-SBFD symbols, further study the determination of time/frequency domain resources with focus on the following two alternatives:
· Alt 1: determine the resources for the first PUCCH repetition according to its symbol type and then same time and frequency resources are applied to the following PUCCH repetitions;
· Alt 2: the resources of all the PUCCH repetitions are determined based on the PUCCH configuration corresponding to SBFD symbols.
PUSCH
Considering the different available resources in SBFD symbols and non-SBFD symbols, it is straightforward to allocate different frequency resources for transmission/reception in different symbol type. Option 2 needs to define new rate matching patterns to match SBFD subband pattern and may degrade the performance since the total size of UL subband and the guard band can be large enough to be comparable to resources allocated to PDSCH. In addition, there are no rate matching mechanism designed for PUSCH in the current NR spec. Taking the above into consideration, option 2 is not preferred. Option 3 may also degrade the transmission/reception performance since the channel/signal is dropped or postponed. Therefore, from the performance perspective, we support option 1. Among the three sub-options under option 1, option 1-1 require separate FDRA configuration/indication for SBFD slot and non-SBFD slot, which is more suitable for Type-1 CG PUSCH since the frequency resources of PUSCH is RRC configured which is not overhead-sensitive. For Type-2 CG PUSCH and PUSCH repetitions with dynamic scheduling, DCI overhead is preferred to be not increased to guarantee the PDCCH transmission reliability and such that option 1-1 is ruled out. Option 1-2 needs to define extra rules to determine separate frequency resources based on single FDRA configuration/indication. One possible way is to separately interpret the single FDRA configuration/indication, e.g., interpret the FDRA configuration/indication with respective to the lowest PRB of UL subband and UL BWP for SBFD symbols and non-SBFD symbols respectively. This method is not flexible enough and is equivalent to introducing fixed RB offset between SBFD slot and non-SBFD slot. Option 1-3 needs to discuss whether the RB offset is fixed or can be dynamically signaled. If it is fixed, the outcome of option 1-3 is similar with option 1-2 and if it is the latter, it needs to be further studied the details of dynamic signaling. In order not to increase the required DCI size, we prefer to employ the existing field to indicate the RB offset. For example, since the FDRA field size is determined based on the BWP size while the number of UL usable PRBs is expected to be smaller than the BWP size, the required bits for actual needed bit length for FDRA indication may be smaller than the FDRA field size, so the remaining bits can be used for indicating the RB offset. An example of option 1-3 is shown in Figure 4.


Figure 4: An example of PUSCH repetition
Proposal 19: For Type-1 CG PUSCH across SBFD symbols and non-SBFD symbols, support option 1-1: separate FDRA configurations for SBFD slots and non-SBFD slots.
Proposal 20: For dynamically scheduled PUSCH repetitions across SBFD symbols and non-SBFD symbols in different slots, support option 1-3: single FDRA configuration/indication and RB offset(s), and the RB offset is dynamically indicated to UE via scheduling DCI by repurposing some bits in FDRA field.
PDSCH
For SPS PDSCH or PDSCH with repetitions, as discussed in section 3.1, if PDSCH is in SBFD slots and the frequency resources overlap with guard band or UL subband, rate matching around UL subband or guard band can be performed as shown in Figure 5.


Figure 5: An example of PDSCH repetition
Proposal 21: For PDSCH repetitions across SBFD symbols and non-SBFD symbols in different slots, support option 2: Perform rate matching on the RBs outside DL/UL subbands for DL/UL channels/signals.
PDCCH
For PDCCH, the following agreement was made during the study phase:
	Agreement
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


In NR PDCCH design, the frequency resources for a CORESET are configured via a bitmap with 6RB granularity which seems feasible to avoid overlap with the UL usable PRBs. And NR supports multiple CORESET and search space set configuration which makes it possible for SBFD slot and non-SBFD slot to be associated with different search space and CORESET. For instance, gNB can configure one CORESET occupying full DL bandwidth and associates it to full DL symbols by search space set configuration and configure another CORESET occupying only DL subband and associates it to SBFD symbols. In such a case, the existing configuration seems to have sufficient flexibility for PDCCH monitoring across SBFD symbols and non-SBFD symbols.
Observation 2: The existing CORESET/search space configurations have sufficient flexibility for PDCCH monitoring across SBFD symbols and non-SBFD symbols.
For CSI report, the following agreement was made during the study phase:
	Agreement
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.


According to the above agreement achieved in SI, it can be observed that option 1-1 and option 2-2 can be supported according to existing specification by appropriate gNB configuration while option 1-2 and option 2-1 needs additional specification effort. Furthermore, the mentioned additional indication or rules to determine valid CSI-RS based on symbol type seems unnecessary since for periodic/semi-persistent CSI resource it is not difficult to ensure one CSI-RS resource confined to one symbol type by configuration appropriate periodicity and slot offset.
Proposal 22: 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, support option 1-1 or option 2-2 with no additional specification work.
3.3. Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols
As to configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, the following agreement was made during the study phase:
	Agreement:
Study at least the followings for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots:
· Whether/how to have separate resources 
· Whether/how to have separate FH parameters
· Whether/how to have separate UL power control parameters 
· Whether/how to have separate beam/spatial relation 


In the current NR specification, single PUCCH configuration is applied to all the slots regardless of the slot/symbol type.  And in typical deployments, PUCCH is very likely to be configured at the edge of the BWP to avoid UL resource fragmentations and enable PUSCH transmission with large bandwidth and contiguous PRBs. If the above PUCCH configuration principle is followed, the different available UL resources in SBFD symbols and non-SBFD symbols would results in different frequency resources for PUCCH in different type of symbols. Considering this, separate configuration for PUCCH resources is preferred. Similar issue is observed for UL frequency hopping, so it is proposed to support separate FH parameters for SBFD symbols and non-SBFD symbols as well. 
In addition, different number of gNB antennas/panels may be deployed in SBFD symbols and non-SBFD symbols and different interference and UL link quality are observed in SBFD symbols and non-SBFD symbols, and hence different power/beam may be needed for the UL transmission. So it is preferred to have separate open-loop power control parameters and spatial relation info for SBFD symbols and non-SBFD symbols.
Proposal 23: Support separate configuration of PUCCH resources, frequency hopping parameters, open-loop power control parameters and spatial relation info for SBFD symbols and non-SBFD symbols.
In the current NR design, multiple PUCCH resources are configured by RRC signaling, including the symbol parameters, the RB parameters, the maxCoderate, the repetition parameters and so on. For dynamically scheduled PUCCH transmission, the PUCCH resource indicator (PRI) field in DCI together with the total UCI payload is used to determine a target PUCCH resource. Therefore, for a slot with mixed symbol type (with both SBFD symbols and non-SBFD symbols) indicated for a PUCCH transmission, it needs to be further studied which PUCCH configuration should be applied. As shown in Figure 6, the PUCCH resource ID 1 corresponding to the PUCCH configuration for SBFD symbols and that corresponding to the PUCCH configuration for non-SBFD symbols is different, so which PUCCH resource to use needs to be further discussed with support of separate PUCCH configurations.


Figure 6: The ambiguity of PUCCH resource in slot with mixed symbol type
Proposal 24: If separate configuration of PUCCH resources for SBFD symbol and non-SBFD symbol, RAN1 further studies which configuration is applied for a slot with mixed symbol type (with both SBFD symbols and non-SBFD symbols).
3.4. Collision handling
[bookmark: _Hlk161308298]In RAN1 #116, six kinds of collisions between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol were listed. These collision cases already exist in the legacy flexible symbols, so legacy handling mechanism is sufficient, and explicit indication of link direction is not needed.  
For collision case 1 and 2, the existing collision handling principles can be reused, i.e. dynamic transmission/reception is prioritized over semi-static reception/transmission. Collision case 3 should be avoided by gNB implementation via appropriate scheduling, i.e. an SBFD-aware UE does not expect to be configured with semi-statically configured UL transmissions and semi-statically configured DL receptions in an SBFD symbols. Collision case 4 is an incorrect scheduling of gNB and should not be handled by UE. 
[bookmark: _Hlk162270813][bookmark: _Hlk161224235]Furthermore, SSB/valid RO should be always prioritized. On the one hand, collisions with SSB/valid RO should be handled first when multiple types of collisions coexist, i.e. collision case 5/6 should be solved first. On the other hand, transmissions overlap with SSB/valid RO should be dropped, i.e. the UE does not transmit UL transmission which overlaps with SSB symbols for collision case 5, and the UE does not receive DL transmission which overlaps with valid RO in the SBFD symbol for collision case 6.
Proposal 25: UE determines link direction based on configured/scheduled transmissions/receptions and legacy collision handling is sufficient.
Proposal 26: For the following collision cases, dynamic transmission/reception is prioritized over semi-static reception/transmission:
· Case 1: Collision between dynamic DL receptions and semi-statically configured UL transmissions 
· Case 2: Collision between dynamic UL transmissions and semi-statically configured DL receptions 
Proposal 27: The following collision cases can be avoided by gNB scheduling/configuration:
· [bookmark: _Hlk162269171]Case 3: Collision between semi-statically configured UL transmissions and semi-statically configured DL receptions
· Case 4: Collision between dynamic UL transmissions and dynamic DL receptions
Proposal 28: SSB/valid RO is always prioritized ,
· Collisions with SSB/valid RO should be handled first when multiple types of collisions coexist, i.e.  case 5/6 is handled first;
· [bookmark: _Hlk161222773]For case 5 (collision between SSB and dynamic/configured UL transmission), UE does not transmit UL transmission which overlaps with SSB symbols;
· For case 6 (collision between dynamic/semi-static DL and valid RO), UE does not receive DL transmission which overlaps with valid RO in the SBFD symbol.

Conclusions
In this contribution, we discuss the potential enhancements on SBFD TX/RX/measurement procedures with the following observations and proposals:
Proposal 1: The SBFD period is the same as slot configuration period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· When only one TDD-UL-DL pattern is configured, the SBFD period equals to P ms (option 1);
· When two TDD-UL-DL patterns are configured, the SBFD period equals to P+P2 ms.
Proposal 2: SBFD symbols can be configured as parameters in tdd-UL-DL-ConfigurationCommon.
Proposal 3: The parameters of SBFD symbols in each TDD UL/DL pattern period can include a first slot, a first symbol, a number of slots and an ending symbol.
Proposal 4: A SBFD-aware UE ignores the indication for semi-statically configured SFBD symbols in TDD-UL-DL-ConfigDedicated and/or a DCI format 2_0.
Proposal 5: If SBFD is configured to a UE, it is expected that the SCS of the active DL BWP overlapping with UL subband is same as that of active UL BWP.
Proposal 6: RIV configuration with reference to Point A and SCS defined for corresponding UL carrier should be used to indicate UL subband.
Proposal 7: RIV configuration with reference to Point A and SCS defined for corresponding DL carrier should be used to indicate the invalid frequency resources for DL subband (i.e. the inner frequency boundary of DL subband).
Proposal 8: 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 9: For partial PRGs with size of 2 and 4 that overlaps with boundary of DL usable PRBs, the PRBs inside the DL usable PRBs can be used for channel estimation while PRBs outside the DL usable PRBs cannot be used.
Proposal 10: If PRG is determined as wideband, support option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subbands can be allocated. And UE assumes same precoding within each DL subband.
Proposal 11: RAN1 further studies the minimum PRB size for enabling wideband precoder.
Proposal 12: If a PDSCH/PUSCH is scheduled in SBFD symbols, RBG size is determined based on the size of DL/UL usable PRBs, while the FDRA field size is still determined based on active BWP size.
Proposal 13: For PDSCH resource allocation type 1, support rate matching around UL subband and guard band (if any) in the allocated SBFD symbols (including DMRS symbols) to derive available PRBs from the indicated PRBs.
Observation 1: For PDSCH scheduling of 40-RBs over a 20-RB UL subband, using the number of actually used RBs (40-20=20RB) in TBS determination can raise spectrum efficiency by 23% comparing to using the number of RBs (40RBs) indicated in scheduling DCI for TBS determination.  
[bookmark: _GoBack]Proposal 14:  The amount of RBs used to determine the PDSCH TB size does not count the RBs overlapping with the UL usable PRBs and the guard bands (if any).	
Proposal 15: Each actual transmission/reception within a slot has either all SBFD symbols or all non-SBFD symbols.
· Appropriate scheduling ensures the dynamic transmission/reception within a slot has either all SBFD symbols or all non-SBFD symbols.
· CG PUSCH/SPS PDSCH occasion overlapping with both SBFD-symbol and non-SBFD symbol is dropped.
Proposal 16: For periodic PUCCH without repetition across SBFD symbols and non-SBFD symbols, support option 1-1 via separate PUCCH configurations for SBFD symbols and non-SBFD symbols.
Proposal 17: For PUCCH with repetitions across SBFD symbols and non-SBFD symbols, support option 3.
Proposal 18: For PUCCH with repetitions across SBFD symbols and non-SBFD symbols, further study the determination of time/frequency domain resources with focus on the following two alternatives:
· Alt 1: determine the resources for the first PUCCH repetition according to its symbol type and then same time and frequency resources are applied to the following PUCCH repetitions;
· Alt 2: the resources of all the PUCCH repetitions are determined based on the PUCCH configuration corresponding to SBFD symbols.
Proposal 19: For Type-1 CG PUSCH across SBFD symbols and non-SBFD symbols, support option 1-1: separate FDRA configurations for SBFD slots and non-SBFD slots.
Proposal 20: For dynamically scheduled PUSCH repetitions across SBFD symbols and non-SBFD symbols in different slots, support option 1-3: single FDRA configuration/indication and RB offset(s), and the RB offset is dynamically indicated to UE via scheduling DCI by repurposing some bits in FDRA field.
Proposal 21: For PDSCH repetitions across SBFD symbols and non-SBFD symbols in different slots, support option 2: Perform rate matching on the RBs outside DL/UL subbands for DL/UL channels/signals.
Observation 2: The existing CORESET/search space configurations have sufficient flexibility for PDCCH monitoring across SBFD symbols and non-SBFD symbols.
Proposal 22: 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, support option 1-1 or option 2-2 with no additional specification work.
Proposal 23: Support separate configuration of PUCCH resources, frequency hopping parameters, open-loop power control parameters and spatial relation info for SBFD symbols and non-SBFD symbols.
Proposal 24: If separate configuration of PUCCH resources for SBFD symbol and non-SBFD symbol, RAN1 further studies which configuration is applied for a slot with mixed symbol type (with both SBFD symbols and non-SBFD symbols).
Proposal 25: UE determines link direction based on configured/scheduled transmissions/receptions and legacy collision handling is sufficient.
Proposal 26: For the following collision cases, dynamic transmission/reception is prioritized over semi-static reception/transmission:
· Case 1: Collision between dynamic DL receptions and semi-statically configured UL transmissions 
· Case 2: Collision between dynamic UL transmissions and semi-statically configured DL receptions 
Proposal 27: The following collision cases can be avoided by gNB scheduling/configuration:
· Case 3: Collision between semi-statically configured UL transmissions and semi-statically configured DL receptions
· Case 4: Collision between dynamic UL transmissions and dynamic DL receptions
Proposal 28: SSB/valid RO is always prioritized ,
· Collisions with SSB/valid RO should be handled first when multiple types of collisions coexist, i.e.  case 5/6 is handled first;
· For case 5 (collision between SSB and dynamic/configured UL transmission), UE does not transmit UL transmission which overlaps with SSB symbols;
· For case 6 (collision between dynamic/semi-static DL and valid RO), UE does not receive DL transmission which overlaps with valid RO in the SBFD symbol.
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