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Introduction
RAN has agreed in RP-220633 a new Study Item on evolution of NR duplex operation with the following objectives [1][2]:
	The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).
Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.


[bookmark: _Hlk510705081]In this contribution, first, we address BWP configuration in SBFD, downlink and uplink frequency domain resource allocation over partitioned slots/symbols, then we examine possible enhancements to UE-UE CLI measurement in SBFD network scenario.
Discussion
SBFD partition signalling within a TDD carrier
In previous RAN1 meetings, RAN1 reached the following main agreements and conclusions on SBFD configuration scheme.
	
Agreement RAN1#111
For SBFD operation within a TDD carrier, it is agreed that SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies is the baseline.
Agreement RAN1#110
For semi-static configuration of subband location, consider same subband frequency resources across different SBFD symbols as baseline. 
Agreement RAN1#111
For SBFD operation at least for RRC_CONNECTED state, it is agreed that SBFD operation Alt 4 is the baseline.
SBFD operation Alt 4:
Both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs. 
UE behaviors for non-SBFD aware UEs follow existing specifications.
From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs based on the time and frequency locations of subbands for SBFD operation.
Agreement RAN1#111
For semi-static configuration of subband frequency locations for SBFD operation, at least explicit indication of frequency location of UL subband is required.
FFS: Whether frequency location of other subbands types is explicitly indicated or implicitly determined.
Agreement RAN1#111
The maximum number of UL subbands for SBFD operation in an SBFD symbol (excluding legacy UL symbol) within a TDD carrier is one for the study in RAN1.
The UL subband can be located at one side of the carrier.
The UL subband can be located at the middle part of the carrier, subject to RAN4’s study and conclusion
Note: RAN1 considers the above two possibilities unless RAN4 concludes that any one is infeasible.
Note: Two UL subbands for SBFD operation in an SBFD symbol within a TDD carrier due to SBFD operation in legacy UL symbols is subject to further RAN1 discussions which is 2nd priority as per RAN guidance.
Send an LS to RAN4 to inform the above agreement. If RAN4 has response, it will be taken into account but in the meanwhile, RAN1 work will continue based on the above.
LS on maximum number of UL subbands for duplex evolution to RAN4 is endorsed. Final LS in R1-2210671.
Agreement RAN1#111
For semi-static configuration of subband time locations for SBFD operation, it is agreed that explicit configuration of SBFD subband time locations within a period is the baseline.


Motivation for SBFD-aware UE: Several aspects may motivate the configuration enhancement that shares the SBFD layout knowledge with half-duplex (but SBFD-aware) UEs:
· Knowledge of the frequency location of subbands allows adaptive frequency domain resource allocations that prevent frequency domain resource fragmentations with FDRA Type-0, for instance, as detailed in later sections. 
· Knowledge of the time location of subbands allows adaptive selection between resource sets (used in the resource selection) or resource parameters (e.g. Tx power level, frequency offset, etc.). 
· Subband configurations can be used in intra-UE prioritization:
· Deprioritization of semi-statically scheduled transmission or reception can be triggered when the resource is not available in an SBFD- (non-SBFD-) slot/symbols because the allocated resources are assigned to non-SBFD- (SBFD-) slots/symbols exclusively.
· DL-UL switching points can be handled separately by each subband as explained in the sequel.
SBFD layout can be separated into frequency-domain partitioning and a time-domain pattern indicating the time location of SBFD slots/symbols within a single carrier. Figure 1 illustrates this scheme and its relationship to legacy TDD frame format configurations. For simplicity, rough, slot-level configurations are indicated only.
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[bookmark: _Ref115363245]Figure 1: a) Relationship of TDD frame format and SBFD time-domain layout illustrated by rough slot-level configuration b) Frequency domain partition
 Frequency partition configuration
The frequency domain partition should be configured by listing at least the UL subband(s), specifying their starting CRB(s) and RB length(s). Two UL subbands at the edges of the carrier could be motivated by frequency hopping w/wo repetitions spanning over partitioned- and non-partitioned symbols. 
In addition, configuration of DL subbands per carrier could be motivated by the application of guard bands between UL and DL subbands if a frequency separation is necessary for improved isolation from gNB or UE operation points of view. 
The frequency partition can be broadcasted as part of the SIB. Its UE dedicated configuration at RRC layer level is not necessary. (Varying the frequency partitioning could only be a pragmatic option where the alignment with other networks is not required whereas the traffic can vary between being uplink heavy and downlink heavy.) 
[bookmark: _Ref118361663]Proposal 1: Frequency domain configuration is broadcasted as part of SIB, listing at least the UL subband(s), specifying their starting CRB(s) and RB length(s).
SBFD and TDD configuration of symbols
Figure 2 shows a more detailed SBFD layout, indicating the symbol level partitioning, p_1 through p_4 designating different symbol level patterns that occur within a slot. For the same reasons as in a TDD deployment, indication of ‘flexible’ symbols is necessary for directional collision handling where DL-UL switching occurs. These switching points occur at different symbols for different subbands. This motivates per-subband, per-symbol indication of RB-symbol regions reserved for DL-UL switching, where semi-static transmission and reception are deprioritized. By dedicated UE configurations, different RTT/TA can also be accommodated amongst UEs. 
[image: ]
[bookmark: _Ref115363289]Figure 2: Symbol-level SBFD layout configuration
In the figure, ad-hoc symbols, or ad-hoc subbands within a symbol have flexible link direction and only allow dynamic scheduling. This behaviour corresponds to ‘flexible’ indication by group common dynamic SFI signalling. As specified in TS 38.213 [4] cited below, semi-statically configured transmission or reception is deprioritized over these symbols:  
“if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as flexible, and the UE does not detect a DCI format indicating to the UE to receive PDSCH or CSI-RS, or the UE does not detect a DCI format, a RAR UL grant, fallbackRAR UL grant, or successRAR indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot, the UE does not transmit or receive in the set of symbols of the slot” [4]
‘Flexible-ad-hoc’ or simply ‘ad-hoc’ full symbols or subband symbols can also provide a means for dynamic scheduling to override the semi-static SBFD partition layout applied in the network: As indicated in Figure 2, dynamic scheduling could have the option to treat ‘DAD’ symbols as unpartitioned DL symbol (‘DL WB’ in the figure standing for downlink wideband), or to transmit UL over the UL subband (‘UL SB’), or to receive DL over the DL subband (‘DL SB’), whereas for semi-static scheduling only the DL subbands are available for reception while any transmission over the UL subband is deprioritized. Meanwhile, indicating the full bandwidth of the symbol as ‘ad-hoc’ (area indicated by stripes in the figure) provides full flexibility to dynamic scheduling and deprioritizes any semi-static scheduled transmission or reception. Any further flexibility for dynamic subband partition decisions seems unnecessary since the limitations are on par with those of dynamic TDD scheduling. 
From the above rationale, the following choices would ensue for an enhanced behaviour:
· UE can be configured with periodic SBFD partition pattern in time through SIB and dedicated RRC signalling. No need for dynamic signalling of SBFD pattern.
· On symbols indicated as flexible by SFI group common signalling, the SBFD partition is assumed to be unknown by UE irrespective of other configurations.
· Any transmission or reception overlapping with either a subband or a symbol indicated as ‘flexible’ must be deprioritized unless it is scheduled by a DCI, in connected mode.    
· Transmission of PUSCH, PUCCH, PRACH and SRS must be confined within UL or flexible subband if the resource allocation overlaps with symbols of the slot indicated to be partitioned and contains strictly DL subband(s).
· Reception of SSB, PDCCH, PDSCH, CSI-RS, PT-RS must be confined within DL or flexible subband if the resource allocation overlaps with symbols of the slot indicated to be partitioned and contains strictly UL subband(s). However, since UE-UE CLI mitigation can rely on measuring SRS-RSRP in the UL subband, Inter-subband UE-UE CLI measurement should not be confined within the DL subband.
With amendments that exclude UE-UE CLI measurement and flexible symbols or subbands from the scope of restrictions, we can support Option-1 in the agreement below. Without these amendments, we can only support Option-4, as the other options would be too restrictive along the rationale presented so far.
	Agreement RAN1#110
For SBFD operation Alt 4, for an SBFD aware UE configured with an UL subband in an SBFD symbol, study the following options:
· Option 1: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband or to be scheduled with DL reception within the UL subband in the SBFD symbol
· Option 2: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband and may be scheduled with DL reception within the UL subband in the SBFD symbol
· Option 3: The SBFD aware UE does not expect to be scheduled with DL reception within the UL subband and may be scheduled with UL transmission outside the UL subband in the SBFD symbol
· Option 4: The SBFD aware UE may be scheduled with UL transmission outside the UL subband or DL reception within the UL subband in the SBFD symbol


[bookmark: _Ref118363167]Proposal 2: On symbols indicated as flexible by SFI group common signalling, the SBFD partition status is assumed to be unknown by UE, irrespective of other configurations. 
[bookmark: WA1][bookmark: _Ref118363253]Proposal 3: Any transmission or reception overlapping with either a subband or a symbol indicated as ‘flexible’ must be deprioritized unless it is scheduled by a DCI, in connected mode.
[bookmark: _Ref118363346]Proposal 4: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband or to be scheduled with DL reception within the UL subband in the SBFD symbol, with the following exceptions:
· Inter-subband UE-UE CLI measurement are not confined within the DL subband.  
· UE assumes that the symbol is not partitionned if symbol is indicated to be ‘flexible’ by group common SFI signalling of UE TDD link direction.
· DL reception scheduled by DCI is allowed to overlap with subband indicated as flexible.
The time-domain configuration of the SBFD layout should support two back-to-back periodic patterns, to accommodate different layout in slots containing SSB.  
[bookmark: _Ref118382229]Proposal 5: The time-domain configuration of the SBFD layout should support two back-to-back periodic patterns, to accommodate different layout in slots containing SSB.
As the active BWP is switched between wide and narrow bandwidth, the availability of certain subbands may change as well. This may impact on the dedicated TDD configuration of the UE, which can be updated dynamically by using SFI group common signalling. However, the configuration of SBFD layout does not need to change if the frequency location of subbands is specified with respect to CRB#0. With this, SBFD layout in frequency and time can be configured per carrier as part of the serving cell configurations of the UE (as opposed to BWP level), as is the case with TDD-UL-DL-ConfigCommon and TDD-UL-DL-ConfigDedicated. This would provide a minimalist solution for SBFD configurations, which ensures consistency over different BWPs.     
[bookmark: _Ref118363502]Proposal 6: SBFD layout in frequency and time is configured per carrier.
[bookmark: _Ref118275469]Configuration allowing non-contiguous SBFD symbols 
[bookmark: _Hlk118360305]To motivate the configuration scenario of non-contiguous SBFD symbols, the latency and resource utilization overhead of three scenarios will be compared along with the respective assumptions on the deployment context and the impact on intra- and inter-cell CLI. Some illustration of the SBFD gains in comparison to TDD are also offered.
[bookmark: _Hlk118360344]TDD deployment “A”: Conventional TDD deployment using DDDSU (S: 8D, 4F, 2U) frame format. This choice is motivated by perfect alignment with co-channel and adjacent channel alignment and downlink heavy traffic. 
[bookmark: _Hlk118360326]Non-contiguous SBFD deployment “B”: Modifying the baseline TDD format used in deployment “A”, UL subbands are inserted in a few DL symbols uniformly distributed over the TDD pattern. 
· In Figure 2, Pattern 2 corresponds to the this TDD format.
· This choice allows reducing the alignment delay w.r.t. UL-DL and DL-UL switching points, with minimal interference to the DL/UL resource ratio or to the alignment with any neighbour cell deployment “A”. 
· Thanks to the lower latency, high data rate low latency (HDRLL) applications can be scheduled with higher efficiency using less conservative link adaptation, relying on timely retransmission(s).       
· As in deployment “A”, 4 flexible symbols are reserved at DL-UL switching point to account for Rx-Tx and Tx-Rx turnarounds durations.
Contiguous SBFD deployment “C”: DSSSU frame format used where all S slots have an UL subband. 
· In Figure 2, Pattern 1 corresponds to the this TDD format.
· This choice, beyond minimizing the alignment delay w.r.t. UL-DL and DL-UL switching points, also allows longer UL repetitions to extend coverage at the expense of moderate interference to the DL/UL resource ratio and strong misalignment with any neighbour cell deployment “A”.   
· As in deployment “A” and ”B”, 4 flexible symbols are reserved at DL-UL switching point to account for Rx-Tx and Tx-Rx turnarounds durations.
Figure 3 shows the probability distribution of minimum downlink transmission latency for the delivery of a 14 OS PDSCH radio packet assuming a single retransmission, for the three deployment scenarios, assuming UE capability 1. These settings may correspond e.g. to the model of large, hard-deadline TBs in an XR application where the latency budget allows a very few milliseconds for RAN packet delivery. Due to the arbitrary time offset between the transmission request and the switching points, the CDF spreads over a range of 69 to 124 OFDM symbols in this example. (With concurrent requests in the network, the spread can be larger, thus the CDF represents an upper bound of the performance.) As can be seen, the same CDF is obtained with non-contiguous SBFD and contiguous SBFD configurations.
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[bookmark: _Ref118334430]Figure 3: CDF of latency from request to first retransmission decoding, based on arbitrary request time and best-case scheduling. (FR1, SCS=30kHz, TDD: DDDSU, S:8:4:2, SBFD in “B” and “C” as in Pattern 2 and 1 in Figure 2, respectively; UE Capability 1) 
[bookmark: _Ref118361077]Table 1: Comparison of 1-retransmission latencies (assuming UE Capability 1)
	[bookmark: _Hlk118360471]
	Baseline TDD
	Non-contiguous SBFD
	Contiguous SBFD

	1-retrx
	“A” (OS)
	“A” (ms)
	“B” (OS)
	“B” (ms)
	Gain %
	“C” (OS)
	“C” (ms)
	Gain %

		Maximum
Latency



	124
	4.41
	96
	3.44
	22.0%
	96
	3.44
	22.0%

	Median
Latency
	89
	3.18
	80
	2.87
	9.7%
	80
	2.87
	9.7%

	D/U CLI
	None
	Low
	High

	UL SB
	none
	in 2+2 symbols
	in 38 symbols

	UL Coverage
	Sufficient for deployment scenario (e.g. indoor)
	Can be extended by long repetitions


Table 1 summarizes the readings for the maximum and the median. A saving of 22.0% (from 4.41 ms to 3.44 ms) and 9.7% (from 3.18 ms to 2.87 ms) are observed for the maximum and median latencies, respectively.     
We conclude that non-contiguous and contiguous subband layout yield similar latency gain in single retransmission scenario high-data-rate, low-latency traffic scenario. But non-contiguous SBFD symbols cause less perturbation to synchronized TDD layout. 
The non-contiguous subband layout applied in deployment “B” can be the practical choice, for instance, in an FR1 indoor SBFD deployment where UL coverage can easily be managed by UL TPC alone, whereas the main challenges are latency and HDRLL DL capacity improvement, in co-existence with the TDD macro cell. In this scenario deployment “C” would cause co-existence issues without bringing improvements.
[bookmark: LABEL_Proposal5_noncontiguousSBFD][bookmark: _Ref118365266]Observation 1: Non-contiguous and contiguous subband layout yield similar latency gain in single retransmission scenario high-data-rate, low-latency traffic scenario. But non-contiguous SBFD symbols cause less perturbation to synchronized TDD layout.
[bookmark: _Ref118363515]Proposal 7: Allow configuration of non-contiguous SBFD symbols in temporal pattern. 
Finally, it is worthwhile to compare deployment “B” to the respective TDD deployment where not only subbands but entire symbols are flipped from downlink to uplink in identical locations within the legacy DL slots. Inter-cell CLI would risk being higher, whereas the uplink resource utilization would not justify the reduction in DL resources. Note that the duration of the set of uplink symbols cannot be reduced in traded-off with increased bandwidth without decreasing coverage and efficiency (due to entire symbols reserved for Tx-Rx and Rx-Tx turn-around).    
Directional collisions in SBFD symbols
	Agreement RAN1#111
Identify if there are any cases of time domain conflict of UE’s UL and DL operation in the same SBFD symbol for SBFD aware UE 
If there are, whether/how to avoid/handle such collision cases (as second step)
Agreement RAN1#111
Study whether SBFD operation in SSB symbols is supported or not.


The scenarios that need to be considered for directional collisions depend on the SBFD layout configuration enhancements that are yet to get agreed. If, for instance, in the enhanced behaviour the dedicated TDD-UL-DL configurations cannot be used to specify whether a UE uses the UL or the DL subbands in a set of SBFD symbols then the selection between semi-statically scheduled transmission and reception in collision scenarios can only be handled by prioritization. It is also yet to be agreed whereas valid PRACH occasions or SSB are allowed to overlap with SBFD symbols.
PRACH: 
The TDD validation rule for PRACH occasions should be preserved. Directional collision between a reception and a valid PRACH occasion (including any preceding necessary gap) can only occur if it is allowed to overlap with SBFD symbols (or the Rx-Tx or Tx-Rx turn-around time cannot be met). Such overlap could be motivated by minimizing latency for hand-over and beam recovery procedures, for instance. Although latency would only matter for PRACH triggered by DCI however it would be impractical to allocate separate PRACH occasions for CBRA and CFRA due to efficiency and backward compatibility. Therefore, directional collisions with valid PRACH occasion need to be considered for both CBRA and CFRA. CFRA can be handled as ordinary dynamic uplink scheduling.
On the other hand, PRACH transmission in CFRA can lead to unpredictable UL-DL and DL-UL CLI. The impact on link performances may probably be controlled by careful scheduling. This impact needs to be weighed against the latency gains that could justify allowing such a collision case.
[bookmark: _Ref118365507]Observation 2: The TDD validation rule for PRACH occasions should be preserved. Overlap between SBFD symbols and valid PRACH occasions should only be allowed if UL-DL and DL-UL CLI from CBRA can be controlled by careful scheduling, while still improving CFRA latency.            
SSB: 
SSB reception of the serving cell is important for not only measurement but synchronization, too. For this reason, it needs to be prioritized in general. SSB reception of neighbour cell is important for measurement and cell-reselection. Since inter-cell UE-UE CLI degrading SSB measurement would be difficult to predict and to mitigate if SSB was allowed to overlap with SBFD symbols, it is strongly preferred to forbid such configuration. Such a restriction would not limit the scheduling flexibility too significantly due to the relatively long SSB periodicity and the typical alignment amongst neighbour cells. 
[bookmark: _Ref118363525]Proposal 8: Do not allow overlap between SSB and SBFD symbols.
Considerations and rules for prioritization:
· Dynamic scheduling should be prioritized over semi-static scheduling, except for SSB reception. 
· Transmission or reception scheduled by DCI should be allowed over flexible symbols, too.
· Reiterating our proposal 3: transmission or reception overlapping with either a subband or a symbol indicated as ‘flexible’ must be deprioritized unless it is scheduled by a DCI, in connected mode.       
· Assuming that PRACH is allowed to overlap with SBFD symbols, Leave prioritization to UE implementation when Msg1/MsgA in CBRA collides with reception. (This should include the case of collision with SSB reception, too, if case is allowed.) This solution maximizes the flexibility for the UE behaviour whereas the gNB will attempt to decode all valid PRACH occasions anyway, irrespective of downlink scheduling. 
· SSB should not be allowed to overlap with SBFD symbols. However, assuming the contrary case gets consensus, Prioritize SSB over semi-statically configured transmission other than Msg1/MsgA in CBRA.  
· Prioritize monitoring PDCCH Type 0/0A/1/2 in CSS over UE dedicated semi-statically scheduled uplink transmission, – the former being cell-specific and rare.
· When uplink and downlink scheduling does not allow for the gurad-gap required for Tx-Rx and Rx-Tx turn-around by the standard then deprioritize one of them as if a collision have happened according to the respective rules.
[bookmark: _Ref118363544]Proposal 9: Adopt the following prioritization rules (assuming the specific collision can occur):
· Prioritize dynamic scheduling over semi-static scheduling, except in the cases of SSB and Msg1/MsgA in CBRA. 
· Leave prioritization to UE implementation when Msg1/MsgA in CBRA collides with reception.
· Prioritize SSB over semi-statically configured transmission other than Msg1/MsgA in CBRA.
· Prioritize monitoring PDCCH Type 0/0A/1/2 in CSS over UE dedicated semi-statically scheduled uplink transmission.
· [bookmark: _Hlk110339906]When uplink and downlink scheduling does not allow for the gurad-gap required for Tx-Rx and Rx-Tx turn-around by the standard then deprioritize one of them as if a collision have happened according to the respective rules.
MCS Selection in SBFD 
In the current specification a single MCS is configured for all slots within a semi-statically configured DL or UL transmission. For example, the higher layer parameter mcsTable within SPS-Config parameter structure configures the MSC table to be used for SPS transmission. The specific MCS within the table is defined by Modulation and Coding Scheme IE within DCI formats 1_0 or 1_1, which serves as pointer to a row in the configured table. The selected MCS is applied for all slots within the configured SPS periodicity. This is similar for other multi-slot transmissions such as PDSCH with repetition, CG PUSCH and DG PUSCH with repetition. 
However, for SBFD systems semi-static transmissions may consist of UL-only and SBFD partitioned slots/symbols. These two slot types experience different interference distributions. UL-only slots/symbols experience only CCI whereas SBFD partitioned slots/symbols experience both CLI and CCI. Using the existing specification for SBFD, the MCS can be selected to adapt to the link quality on either the UL-only slots/symbols or the SBFD partitioned slots/symbols. MCS selection based on the UL-only slots/symbols is optimistic due to the lower interference distribution.  In this case the selected MCS may not be achievable on the SBFD partitioned slots/symbols, which will lead to poor performance on SBFD partitioned slots/symbols (e.g., higher BLER). On the other hand, MCS selection based on SBFD partitioned slots/symbols is conservative due to the high interference level. This will lead to the transmission of a smaller TB size (lower data rate) on UL-only slots, even though a higher TB size can be accommodated. 
As a result, using the existing specification for MCS selection in SBFD systems can negatively impact system performance. To enable flexibility in MCS selection, two MCSs can be provided for semi-statically configured DL and UL transmissions where one MCS is applied to UL-only slots/symbols and another MCS is applied to SBFD partitioned slots/symbols. However, the current specification does not support such flexibility in MCS selection. Therefore, it is important to bring enhancements to MCS selection to allow adaptation to slot level interference distribution in SBFD systems.
[bookmark: _Ref118365520]Observation 3: Configuring a single MCS for semi-static transmissions in SBFD systems will negatively impact system performance since it has two slot types with different interference levels
[bookmark: _Ref118363573]Proposal 10: Study the feasibility of enabling Two MCSs based on slot type   
Resource allocation for SBFD-aware UEs
[bookmark: _Hlk115083515]In RAN1#109-e meeting, RAN1 reached the following agreements to study potential enhancements of resource allocation in SBFD scheme. In this section, we provide views on the possible issue and the corresponding enhancements for resource allocation in SBFD scheme.
			[bookmark: _Hlk115083532]Agreement RAN1#109
Study the impact/potential enhancements of resource allocation in symbols with subbands that gNB would use for SBFD operation.








PDCCH monitoring in SBFD symbols
The current specifications provide flexible solutions for CORESET resource allocation and PDCCH monitoring, which would suit SBFD partitioned symbols as well in many spects:
· CORESET FDRA is based on on a bitmap of RB groups consisting of 6 RBs each, thereby readily allowing for non-contiguous resource allocatios. The grid starts from Common RB#0. Aggregations can spread over distant CCEs.
· Up to 3 CORESETs can be configured and be monitored per BWP. This allows e.g. configuring different CORESETs for SBFD and non-SBFD slots/symbols and using them with different search spaces.  
· The time pattern of PDCCH monitoring is defined by search spaces, each of which defines a slot period & offset, a slot duration and a symbol bitmap. Up to 10 search spaces can be configured per PDCCH-Config.
Using the above features, although PDCCH monitoring (including AL16) over non-contiguous set of downlink RB groups in SBFD partitioned slot/symbols seems feasible, however, the flexibility may be limited. Configuring PDCCH monitoring over different CORESETs for SBFD and DL-only slots/symbols will require configuring separate search spaces possibly per each slot in the periodic SBFD partition pattern, each with the same slot periodicity but different slot offsets, soon using up the maximum number of search spaces that can be configured.
Therefore, it seems necessary to bring enhancements to Search Space configuration which allow adaptation to SBFD partitioning: for instance, CORESETs or search spaces could be linked to SBFD subbands. 
[bookmark: _Ref111208268][bookmark: _Ref118365536]Observation 4: CORESET allocation readily supports non-contiguous frequency-domain allocation and monitoring up to three different CORESETs in a BWP. 
[bookmark: _Ref111210477][bookmark: _Ref118365552]Observation 5: Configuring PDCCH monitoring over different CORESETs for SBFD and DL-only slots/symbols may require configuring separate search spaces per each slot in the periodic SBFD partition pattern, each with the same slot periodicity but different slot offsets, soon using up the maximum number of search spaces that can be configured. 
[bookmark: _Ref111210881][bookmark: _Ref118363596]Proposal 11: Study enhancements to Search Space configuration which allow adaptation to SBFD partitioning.
PDSCH allocation in SBFD symbols
Frequency-domain PDSCH allocation is dynamically indicated through DCI, using either Type-0 or Type-1 format. Type-0 FDRA is based on a bitmap where each bit represents an RB group with RB size depending on BWP-size and a binary configuration option that allows halving the bitmap size (max. 18 vs. max 9 bits, i.e. RBGs) at the expense of doubling the RBG size (a power of two between 2 and 16 RBs). Thus, FDRA Type-0 readily allows for rather flexible, non-contiguous RB allocations, which may be required in SBFD operation to allocate RBs from multiple, non-contiguous DL subbands.
However, some resource fragmentation may occur at the edge(s) of DL subband(s) near the UL-subband(s) with FDRA Type-0. Based on the knowledge of partitioned symbols and the boundary between DL and UL subbands, the UE should support Type-0 FDRA comprising fractional RBGs at such boundaries, in much the same way as in the case of fractional RBGs at BWP edges according to the current standard, as illustrated in Figure 4.
[image: ]
[bookmark: _Ref110502974]Figure 4: PDSCH FDRA Type-0 with fractional RBG allocation at DL subbing edges.
Meanwhile, Type-1 FDRA is based on starting RB and RB length, hence supports RB granularity allocations but only over a contiguous segment of VRBs. Contrary to Type-0 FDRA where each VRB always maps to the PRB having the same index, in Type-1 FDRA VRB-interleaving can be signalled dynamically, whereby the allocated VRB segment is mapped to two PRB segments starting at half the active BWP bandwidth distance, where even PRBs are mapped to the lower segment and odd PRBs to the higher segment.    
VRB-interleaving is not supported by FDRA Type-0 and is mostly incompatible with SBFD by FDRA Type-1 allocation, since PRB segments likely overlap with RBs that are not available to downlink. This prohibits VRB-interleaving altogether.
To bridge this gap, interleaved mapping of odd and even VRBs over physical RBGs allocated by Type-0 FDRA can be supported for SBFD, as illustrated by an example in Figure 5. Such interleaved VRB mapping would not alter the set of allocated PRBs, thus it would not influence coexistence with legacy UEs. 
In SBFD slots/symbols, Type-1 FDRA needs to be restricted (with rare exceptions) to non-interleaved VRB allocation confined within a single DL subband.          
[bookmark: _Ref111210727][bookmark: _Ref118365565]Observation 6: When using FDRA Type-0 for PDSCH scheduling, certain RBG(s) may be unavailable due to partial overlap with UL-subband (and/or any guard band) leading to resource fragmentation. 
[bookmark: _Ref111210883][bookmark: _Ref118363617]Proposal 12: Support allocation of fractional RBGs in Type-0 FDRA at DL subband boundaries.
[bookmark: _Ref111210729][bookmark: _Ref118365578]Observation 7: VRB-interleaving is not supported by FDRA Type-0 and is mostly incompatible with SBFD by FDRA Type-1 allocation, since PRB segments likely overlap with RBs that are not available to downlink. This prohibits VRB-interleaving altogether.
[bookmark: _Ref111210886][bookmark: _Ref118363630][bookmark: _Hlk110501961]Proposal 13: Support interleaved mapping of odd and even VRBs over physical RBGs allocated using Type-0 FDRA.
[image: ]
[bookmark: _Ref110502979][bookmark: _Hlk110503806]Figure 5: PDSCH FDRA Type-0 with fractional RBG allocation at DL subband edges and VRB-interleaving.
Uplink resource allocation in SBFD
Resource allocation for semi-static UL transmissions 
In the current specification, a single FDRA is configured for all slots within the transmission periodicity of a semi-statically configured UL transmission, e.g., CG PUSCH, periodic/semi-persistent PUCCH. For instance, in the case of Type-1 CG PUSCH the single FDRA is fully configured by RRC and used across all slots within the defined periodicity.  However, for SBFD the transmission may be across both UL-only and SBFD partitioned slots/symbols. As a result, periodic transmission from UL-only slots may overlap with the DL subbands in SBFD partitioned slot as shown in Figure 6. Moreover, since the UL-only slot covers the entire BWP of the slot while SBFD partitioned slot covers a subband, the two slot types have different bandwidths. Therefore, using the same FDRA for both slot types limits the flexibility in resource allocation by coupling the resource allocation for SBFD and UL-only slots.
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[bookmark: _Ref111206064]Figure 6: Semi-static UL transmission in SBFD.
To enable a flexible and more efficient resource allocation, two FDRA for CG PUSCH transmission can be provided to the UE where one FDRA is applied to the UL-only slots and the second FDRA is applied to the SBFD slot. Furthermore, due to the different availability of resources, the gNB may want to configure the UE with CG PUSCH on the UL-only slots. The current periodicity configuration doesn’t allow such flexibility. Hence, a mechanism for skipping/disabling CG PUSCH transmission occasions on SBFD slots can be introduced.
[bookmark: _Ref111210731][bookmark: _Ref118365590]Observation 8: For semi-static UL transmissions, a single FDRA is configured for all UL slots. This may impact flexibility in resource allocation in SBFD since it has two types of slots with different bandwidths.
[bookmark: _Ref111210888][bookmark: _Ref118363668]Proposal 14: Support two FDRA for semi-static UL transmissions (e.g., CG PUSCH, periodic/semi-persistent PUCCH) based on slot type.
[bookmark: _Ref111210890][bookmark: _Ref118363686]Proposal 15: For semi-static UL transmissions, support skipping of periodic transmissions in SBFD partitioned slots/symbols.
Resource allocation for UL Repetitions 
For UL repetitions (e.g., DG PUSCH repetition, PUCCH repetition) a UE can be configured to transmit two or more repetitions that can be across multiple consecutive slots (Repetition Type-A) and/or within a single slot (Repetition Type-B). Like the case of CG PUSCH transmissions, the group of slots for DG PUSCH repetitions may consist of UL-only and SBFD partitioned slots/symbols. Therefore, repetition from UL-only slots may overlap with the DL subbands in SBFD partitioned slots as shown in Figure 7. Also, using the same FDRA for both slot types within a PUSCH repetition limits the flexibility in resource allocation. One option for the gNB is to always allocate resources that are within the bandwidth of the UL-SB even in the UL-only slots. However, this will cause scheduling limitation and UEs’ congestion in the middle of the UL-only slots.
[image: ]
[bookmark: _Ref111206012]Figure 7: UL repetition in SBFD.
One possible approach to address the issue is to support two FDRA for UL repetitions. One FDRA is defined for UL-only slots within the repetition, whereas the other FDRA is defined for SBFD partitioned slots/symbols within the repetition. Another approach is to allow the repetitions to be performed on specific set of slots (e.g., UL-only slots) and skipped on other set of slots (e.g., SBFD slots). Most likely, this feature needs to be enabled/disabled dynamically to allow the repetitions to be performed on both types of slots when needed. In addition, enhanced UEs should support skipping of specific repetitions for UL repetition. The UE can skip repetitions that overlaps with the DL subband in SBFD partitioned slots.
[bookmark: _Ref111210732][bookmark: _Ref118365604]Observation 9: For UL transmissions with repetition, a single FDRA is defined for all slots within a repetition. This may impact flexibility in resource allocation in SBFD since it has two types of slots with different bandwidths.
[bookmark: _Ref111210891][bookmark: _Ref118363705]Proposal 16: Support two FDRA for UL repetitions (e.g., DG PUSCH repetition, PUCCH repetition) based on slot type.
[bookmark: _Ref111210893][bookmark: _Ref118363724]Proposal 17: Allow the support of skipping of UL repetitions that occur in SBFD slots.
Frequency Hopping for PUSCH/PUCCH
According to the current specification, the UE can be instructed through RRC or DCI to apply either intra-slot or inter-slot frequency hopping for PUSCH or PUCCH transmissions. Intra-slot frequency hopping divides the symbols within a slot into two sections. The first section applies the original FDRA assignment with no offset, while the second section applies a frequency hopping offset. In the case of inter-slot frequency hopping, different RB assignments are applied for even and odd numbered slots. Even numbered slots apply the indicated FDRA assignment with no offset, while odd numbered slots apply a frequency hopping offset. 
For both intra-slot and inter-slot frequency hopping, the frequency domain position of the first and second hop are configured such that the resource allocation is confined within the UL BWP. For SBFD partitioned slots, the resource allocation with frequency hopping is likely to overlap with DL subband since the bandwidth of the UL subband is less than the bandwidth of the BWP, as shown in Figure 8. Therefore, the frequency domain positions must be chosen to ensure that the resource allocation always remains within the UL subband of SBFD partitioned slots.
[image: ]
[bookmark: _Ref111207280]Figure 8: PUSCH frequency hopping in SBFD.
The main advantage of frequency hopping is to provide frequency diversity and robustness to poor channel conditions. For SBFD partitioned slots, the diversity gain obtained from frequency hopping is reduced compared to UL-only slots because of the smaller UL subband. Therefore, a mechanism to disable the inter-slot frequency hopping in SBFD slots could help in allowing flexible frequency hopping in the UL-only slots. 
In the case PUSCH, the frequency hopping procedure needs to be modified to enable frequency hopping that is confined within the UL-SB in the SBFD slots. This can be done by changing the expression for calculating the starting RB for frequency hopping. For SBFD slots the factor for the modulo operation should be changed to the number of RBs within the UL-SB. In addition, a new factor should be added to indicate the first RB in the UL-SB. 

[bookmark: _Ref111210734][bookmark: _Ref118365612]Observation 10: When frequency hopping is enabled for PUSCH/PUCCH transmission in SBFD, the resource allocation with the first and second hops may not be confined within the UL subband of SBFD partitioned slots/symbols.
[bookmark: _Ref111210895][bookmark: _Ref118363748]Proposal 18: Modify the frequency hopping procedure for PUSCH transmission to ensure that the frequency domain position is confined within the UL-SB in the SBFD slots
[bookmark: _Ref118363775]Proposal 19: Support two frequency domain resource allocations for intra-slot and inter-slot frequency hopping for PUCCH transmission in SBFD based on slot type
[bookmark: _Ref111210896][bookmark: _Ref118363790]Proposal 20: Support PUSCH/PUCCH frequency hopping in the UL-only slots for inter-slot frequency hopping.
Resource allocation for periodic and semi-persistent SRS
The resource allocation for SRS can be configured using one or more SRS Resource Sets, where each SRS Resource Set consists of multiple SRS Resources. Each SRS Resource within an SRS Resource Set defines a set of parameters that can be used to calculate the starting RB, the number of allocated RBs and whether or not frequency hopping is enabled.
For periodic and semi-persistent SRS, the same frequency domain resource allocation configuration is applied for all slots within the defined SRS transmission periodicity. In the current specification, up to 272 RBs can be configured for SRS transmissions by reading specific entries of the SRS Bandwidth Configuration table (Table 6.4.1.4.3-1 in TS 38.211). For example, using  as the row index and  as the column index, 272 contiguous RBs are allocated for SRS transmission. As shown in Figure 9 (a), SBFD partitioned slots will not be able to accommodate such high RB allocations. The same issue arises for the case of SRS transmission with frequency hopping, as shown in Figure 9 (b). 
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                      (a)                                                        (b)
[bookmark: _Ref115444337]Figure 9: SRS resource allocation in SBD. (a) Without frequency hopping (b) With frequency hopping 
To enable a flexible and more efficient resource allocation, two resource allocation configurations for periodic and semi-persistent SRS transmission can be provided to the UE. One possible way of achieving this is to configure the UE with two sets of parameters within each SRS Resource to determine the frequency domain resource allocation, where one set of parameters is applied to UL-only slots and the second set of parameters is applied to SBFD slots. Another approach is to configure the UE with two sets of SRS Resources within an SRS Resource Set, where one set of SRS Resources provides the parameters to determine the frequency domain resource allocation for UL-only slots and the second set of SRS Resources provides the parameters to determine the frequency domain resource allocation for SBFD slots. 
Moreover, the expression for calculating the frequency domain position for SRS transmission needs to be modified to ensure that the allocated resources, with and without frequency hopping, is confined within the UL-SB in the SBFD slots. For SBFD systems, different SRS bandwidth configurations should be configured to enable separate frequency domain resource allocation on each slot type. In addition, since the first UL RB in a partitioned slot no longer coincides with the first RB in the BWP, a new factor should be added to the expression for calculating the frequency domain position of SRS which indicates the first RB in each slot type. This will ensure that the SRS resource allocation in SBFD partitioned slots/symbols does not overlap with the DL-SB. 
Furthermore, due to the different availability of resources on the two slot types, the gNB may want to configure the UE with periodic and semi-persistent SRS on the UL-only slots. The current periodicity configuration doesn’t allow such flexibility. Hence, a mechanism for skipping/disabling periodic and semi-persistent SRS transmission occasions on SBFD slots can be introduced.
[bookmark: _Ref118365624]Observation 11: For periodic and semi-persistent SRS transmission, a single frequency domain resource allocation is configured for all UL slots. This may impact flexibility in resource allocation in SBFD since it has two types of slots with different bandwidths.
[bookmark: _Ref118365639]Observation 12: For SRS transmission in SBFD, the resource allocation with and without frequency hopping may not be confined within the UL subband of a SBFD partitioned slot.
[bookmark: _Ref118363812]Proposal 21: Support two frequency domain resource allocations for periodic and semi-persistent SRS transmission based on slot type.
[bookmark: _Ref118363823]Proposal 22: Modify the frequency domain resource allocation procedure for SRS transmission to ensure that the frequency domain position is confined within the UL-SB in the SBFD slots
[bookmark: _Ref118363839]Proposal 23: Support skipping of periodic and semi-persistent SRS transmissions in SBFD slots. 
PUSCH Resource Fragmentation in SBFD 
The main advantage of SBFD systems is to provide improved UL coverage and reduced latency by enabling more UL transmission opportunities. While enabling SBFD, it important to minimize the impact on legacy UEs. For CG PUSCH transmissions, an issue that can arise is PUSCH resource fragmentation in UL-only slots. Based on the current specification a single FDRA is configured for all slots within the defined CG PUSCH transmission periodicity. Consequently, when a CG PUSCH transmission begins on a SBFD partitioned slot, the configured frequency domain resource will be applied on UL-only slots as shown in Figure 10. This will fragment the bandwidth on an UL-only slot, which will prevent the BS from allocating contiguous PUSCH resources on the entire UL BWP. Note that, even though FDRA Type 0 is specified for PUSCH transmission, it is an optional feature for a Rel-15/16 UE. As a result, a legacy UE cannot be expected to support non-contiguous PUSCH resource allocation. For an UL-slot with a bandwidth of 100MHz the transmission on a SBFD could fragment this into two contiguous subbands of 40MHz each, considering an UL-SB of 20MHz. This means that the BS can only allocate contiguous resources on a 40MHz bandwidth.  
[image: ] 
[bookmark: _Ref115444580]Figure 10: Example of PUSCH resource fragmentation in SBFD.
[bookmark: _Ref115444803]One way to avoid the problem of PUSCH fragmentation on UL-only slots is to allow the possibility of placing the frequency domain resources for CG PUSCH transmission at different locations on SBFD slots and UL-only slots. For example, for a CG PUSCH transmission, the frequency domain resources can be placed at the edge of the UL-only slots as shown in Figure 11. By configuring the frequency domain resource at the edge of the UL BWP, the problem of PUSCH fragmentation can be avoided. This means that the BS can allocate contiguous resources on a wider bandwidth, which can improve the UL data rate compared to the case with PUSCH fragmentation. For a 100MHz UL-slot, the BS can allocate contiguous resources on a 40MHz bandwidth, an increase of 50% compared to the case with PUSCH fragmentation. This shows that avoiding PUSCH fragmentation is essential for the coexistence of legacy and SBFD capable UEs. To avoid PUSCH fragmentation, separate FDRA must be configured for the two slot types in SBFD systems. However, the current specification does not support such flexibility in resource allocation. Therefore, to minimize the impact of PUSCH fragmentation on UL performance, a mechanism for enabling two FDRAs in SBFD can be introduced.
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[bookmark: _Ref115446988]Figure 11: Separate FDRA for SBFD slots and UL-only slots to avoid PUSCH resource fragmentation in SBFD.
[bookmark: _Ref118365661]Observation 13: For CG PUSCH transmission in SBFD systems PUSCH fragmentation will occur on UL-only slots since the frequency domain resource allocation on SBFD slots is at the centre of the UL BWP.
[bookmark: _Ref118365677]Observation 14: The impact of PUSCH fragmentation on UL performance can be reduced by placing periodic PUSCH resources originating from a SBFD slot at the edge of an UL-only slot.
[bookmark: _Ref118365692]Observation 15: Non-contiguous resource allocation using FDRA Type 0 is an optional feature for legacy UEs and cannot be relied upon in the case of PUSCH fragmentation in SBFD systems.
[bookmark: _Ref118363851]Proposal 24: To avoid the problem of fragmentation in SBFD systems, support the option of configuring two FDRA for semi-static UL transmissions based on slot type.
Conclusion
In this contribution, we discussed subband non-overlapping full duplex (SBFD) for NR, and included considerations on subband partition signalling and operation, and frequency domain- resource allocation, UL TPC and UE-UE CLI measurement in SBFD.
Observation 1: Non-contiguous and contiguous subband layout yield similar latency gain in single retransmission scenario high-data-rate, low-latency traffic scenario. But non-contiguous SBFD symbols cause less perturbation to synchronized TDD layout.
Observation 2: The TDD validation rule for PRACH occasions should be preserved. Overlap between SBFD symbols and valid PRACH occasions should only be allowed if UL-DL and DL-UL CLI from CBRA can be controlled by careful scheduling, while still improving CFRA latency.
Observation 3: Configuring a single MCS for semi-static transmissions in SBFD systems will negatively impact system performance since it has two slot types with different interference levels
Observation 4: CORESET allocation readily supports non-contiguous frequency-domain allocation and monitoring up to three different CORESETs in a BWP.
Observation 5: Configuring PDCCH monitoring over different CORESETs for SBFD and DL-only slots/symbols may require configuring separate search spaces per each slot in the periodic SBFD partition pattern, each with the same slot periodicity but different slot offsets, soon using up the maximum number of search spaces that can be configured.
Observation 6: When using FDRA Type-0 for PDSCH scheduling, certain RBG(s) may be unavailable due to partial overlap with UL-subband (and/or any guard band) leading to resource fragmentation.
Observation 7: VRB-interleaving is not supported by FDRA Type-0 and is mostly incompatible with SBFD by FDRA Type-1 allocation, since PRB segments likely overlap with RBs that are not available to downlink. This prohibits VRB-interleaving altogether.
Observation 8: For semi-static UL transmissions, a single FDRA is configured for all UL slots. This may impact flexibility in resource allocation in SBFD since it has two types of slots with different bandwidths.
Observation 9: For UL transmissions with repetition, a single FDRA is defined for all slots within a repetition. This may impact flexibility in resource allocation in SBFD since it has two types of slots with different bandwidths.
Observation 10: When frequency hopping is enabled for PUSCH/PUCCH transmission in SBFD, the resource allocation with the first and second hops may not be confined within the UL subband of SBFD partitioned slots/symbols.
Observation 11: For periodic and semi-persistent SRS transmission, a single frequency domain resource allocation is configured for all UL slots. This may impact flexibility in resource allocation in SBFD since it has two types of slots with different bandwidths.
Observation 12: For SRS transmission in SBFD, the resource allocation with and without frequency hopping may not be confined within the UL subband of a SBFD partitioned slot.
Observation 13: For CG PUSCH transmission in SBFD systems PUSCH fragmentation will occur on UL-only slots since the frequency domain resource allocation on SBFD slots is at the centre of the UL BWP.
Observation 14: The impact of PUSCH fragmentation on UL performance can be reduced by placing periodic PUSCH resources originating from a SBFD slot at the edge of an UL-only slot.
Observation 15: Non-contiguous resource allocation using FDRA Type 0 is an optional feature for legacy UEs and cannot be relied upon in the case of PUSCH fragmentation in SBFD systems.

Proposal 1: Frequency domain configuration is broadcasted as part of SIB, listing at least the UL subband(s), specifying their starting CRB(s) and RB length(s).
Proposal 2: On symbols indicated as flexible by SFI group common signalling, the SBFD partition status is assumed to be unknown by UE, irrespective of other configurations.
Proposal 3: Any transmission or reception overlapping with either a subband or a symbol indicated as ‘flexible’ must be deprioritized unless it is scheduled by a DCI, in connected mode.
Proposal 4: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband or to be scheduled with DL reception within the UL subband in the SBFD symbol, with the following exceptions:
· Inter-subband UE-UE CLI measurement are not confined within the DL subband.  
· UE assumes that the symbol is not partitionned if symbol is indicated to be ‘flexible’ by group common SFI signalling of UE TDD link direction.
· DL reception scheduled by DCI is allowed to overlap with subband indicated as flexible.
Proposal 5: The time-domain configuration of the SBFD layout should support two back-to-back periodic patterns, to accommodate different layout in slots containing SSB.
Proposal 6: SBFD layout in frequency and time is configured per carrier.
Proposal 7: Allow configuration of non-contiguous SBFD symbols in temporal pattern.
Proposal 8: Do not allow overlap between SSB and SBFD symbols.
Proposal 9: Adopt the following prioritization rules (assuming the specific collision can occur):
· Prioritize dynamic scheduling over semi-static scheduling, except in the cases of SSB and Msg1/MsgA in CBRA. 
· Leave prioritization to UE implementation when Msg1/MsgA in CBRA collides with reception.
· Prioritize SSB over semi-statically configured transmission other than Msg1/MsgA in CBRA.
· Prioritize monitoring PDCCH Type 0/0A/1/2 in CSS over UE dedicated semi-statically scheduled uplink transmission.
· When uplink and downlink scheduling does not allow for the gurad-gap required for Tx-Rx and Rx-Tx turn-around by the standard then deprioritize one of them as if a collision have happened according to the respective rules.
Proposal 10: Study the feasibility of enabling Two MCSs based on slot type
Proposal 11: Study enhancements to Search Space configuration which allow adaptation to SBFD partitioning.
Proposal 12: Support allocation of fractional RBGs in Type-0 FDRA at DL subband boundaries.
Proposal 13: Support interleaved mapping of odd and even VRBs over physical RBGs allocated using Type-0 FDRA.
Proposal 14: Support two FDRA for semi-static UL transmissions (e.g., CG PUSCH, periodic/semi-persistent PUCCH) based on slot type.
Proposal 15: For semi-static UL transmissions, support skipping of periodic transmissions in SBFD partitioned slots/symbols.
Proposal 16: Support two FDRA for UL repetitions (e.g., DG PUSCH repetition, PUCCH repetition) based on slot type.
Proposal 17: Allow the support of skipping of UL repetitions that occur in SBFD slots.
Proposal 18: Modify the frequency hopping procedure for PUSCH transmission to ensure that the frequency domain position is confined within the UL-SB in the SBFD slots
Proposal 19: Support two frequency domain resource allocations for intra-slot and inter-slot frequency hopping for PUCCH transmission in SBFD based on slot type
Proposal 20: Support PUSCH/PUCCH frequency hopping in the UL-only slots for inter-slot frequency hopping.
Proposal 21: Support two frequency domain resource allocations for periodic and semi-persistent SRS transmission based on slot type.
Proposal 22: Modify the frequency domain resource allocation procedure for SRS transmission to ensure that the frequency domain position is confined within the UL-SB in the SBFD slots
Proposal 23: Support skipping of periodic and semi-persistent SRS transmissions in SBFD slots.
Proposal 24: To avoid the problem of fragmentation in SBFD systems, support the option of configuring two FDRA for semi-static UL transmissions based on slot type.
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