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[bookmark: _Ref134976538][bookmark: _Ref158120157]Introduction
[bookmark: _Hlk510705081]In RAN#102 meeting, a new Work Item (WI) on Evolution of NR duplex operation: Subband full duplex (SBFD) has been approved[1]. The WI core objectives are as follows:
	· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· Specify semi-static indication of time location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of time location of SBFD subbands in SIB is not precluded
· Specify semi-static indication of frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of frequency domain location of SBFD subbands in SIB is not precluded
· Specify SBFD operation to support random access in SBFD symbols by UEs in RRC CONNECTED mode [RAN1, RAN2]
· Study and specify, if justified, SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access [RAN1, RAN2]
· RAN#104 to check whether to proceed normative work
· Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]
Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only
· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands
Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols
· Enhancement on resource allocation in frequency domain in SBFD symbols, including
· resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols
· handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG
· Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, including
· resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
· CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots
· Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol
· Followings are assumed based on TR 38.858
· SBFD at the gNB side
· Half duplex operation at the UE side
· FR1 and FR2-1
· SBFD operation Option 4, i.e., both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs
· Coexistence between non-SBFD aware UEs (including legacy UEs) and SBFD aware UEs in the cell operating SBFD at gNB side
· SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies
· One UL subband for SBFD operation in an SBFD symbol (excluding legacy UL symbol/slot) within a TDD carrier
· Mechanisms for SBFD operation shall also consider the adjacent channel coexistence between two operators
· Specify enhancements for CLI handling [RAN1, RAN2, RAN3]:
· Support gNB-to-gNB co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117) 
· Note: Without dedicated optimization for dynamic/flexible TDD. 
· Specify BS RF requirements for SBFD operation at gNB [RAN4]
· Specify applicable RRM core requirements for co-channel CLI handling mechanisms [RAN4]
· Specify other RRM core requirements for SBFD operation, if identified [RAN4]



This contribution presents our views regarding the objectives highlighted above. 
SBFD configuration in time and frequency domain
This section focuses on the configuration of the SBFD subbands in time and frequency domain as per the below objectives:
	· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· Specify semi-static indication of time location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of time location of SBFD subbands in SIB is not precluded
· Specify semi-static indication of frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of frequency domain location of SBFD subbands in SIB is not precluded



During the SI, there was a lengthy discussion about the SBFD configuration in time and frequency domain. The TR 38.858 captured part of this discussion. In the following we discuss the signaling design of the subband location indication, considering the aspects captured in the TR, and other aspects discussed during the SI.
[bookmark: _Ref156811279]Cell-common signalling or UE specific signalling
During the SI it has been discussed whether the semi-static time and frequency locations of SBFD subbands are signalled via cell-common signalling or UE-specific signalling. Our view is that the UL subband location is a cell specific configuration. We do not expect that the UL subband location in frequency and time domain is different for different UEs. In our view, the SBFD subbands time and frequency locations are a cell-specific parameter and should be indicated through cell-common signalling as a baseline. 
[bookmark: _Toc156479024][bookmark: _Toc156560660][bookmark: _Toc156570079][bookmark: _Toc156570256][bookmark: _Toc156570286][bookmark: _Toc158371542][bookmark: _Toc158985036][bookmark: _Toc158986175][bookmark: _Toc159180940][bookmark: _Toc159181126][bookmark: _Toc159181360][bookmark: _Toc159228396]The location of the SBFD UL and DL subbands in time and frequency domain are cell-specific parameters.
[bookmark: _Toc156479025][bookmark: _Toc156560661][bookmark: _Toc156570080][bookmark: _Toc156570257][bookmark: _Toc156570287][bookmark: _Toc158371543][bookmark: _Toc158985037][bookmark: _Toc158986176][bookmark: _Toc159180941][bookmark: _Toc159181127][bookmark: _Toc159181361][bookmark: _Toc159228397]The SBFD configuration in time and frequency domains is indicated in cell-common signaling.
Additionally, in the SI it was also discussed whether the SBFD subbands location is available to a UE in RRC_IDLE and RRC INACTIVE or only to UEs in RRC_CONNECTED mode. This aspect is related to the parallel discussion on the SBFD operation for random access, as RRC_IDLE and RRC INACTIVE UEs would require knowledge of the SBFD subband locations if it is decided to support random access on SBFD resources for those UEs. As discussed in our companion contribution [2], we support random access in SBFD symbols for UEs in RRC_IDLE and RRC_INACTIVE, which would require that some information related to the UL subbands configuration is available in SIB1. Another aspect that is important considering UEs in RRC_IDLE is how to differentiate cells that support SBFD or not already during cell selection and or re-selection, which could be beneficial, for example, for prioritizing cells that support SBFD for better UL coverage/throughput especially for cell edge UE, as discussed in our contribution in Rel-18 study item [3].
[bookmark: _Toc158371544][bookmark: _Toc158985038][bookmark: _Toc158986177][bookmark: _Toc159180942][bookmark: _Toc159181128][bookmark: _Toc159181362][bookmark: _Toc159228398]Signaling of the frequency and time location of the UL subband via RRC common configuration or SIB is beneficial due to the following reasons:
· [bookmark: _Toc158371545][bookmark: _Toc158985039][bookmark: _Toc158986178][bookmark: _Toc159180943][bookmark: _Toc159181129][bookmark: _Toc159181363][bookmark: _Toc159228399]SBFD capability of the cell can be taken into account for cell (re-)selection purposes, e.g. for better coverage/cell-edge performance.
· [bookmark: _Toc158371546][bookmark: _Toc158985040][bookmark: _Toc158986179][bookmark: _Toc159180944][bookmark: _Toc159181130][bookmark: _Toc159181364][bookmark: _Toc159228400]To allow initial access operation with SBFD for UEs in RRC_IDLE/INACTIVE (discussed in other AI)
For future proofness point of view, and to avoid many dependencies between the decisions on random access (RAN1 agenda item 9.3.2) and this objective, our preference is that the time and frequency location indication of SBFD sub bands is provided via SIB (note this is aligned with the note in the WID mentioning that the time and frequency location indication of SBFD subbands in SIB is not precluded). More specifically, we think that at least the time domain configuration can be provided following similar principles (or as an extension) of existing TDD-UL-DL-ConfigCommon, which may be optionally complemented with dedicated (i.e. UE specific) RRC signalling. 
[bookmark: _Toc156560662][bookmark: _Toc156570081][bookmark: _Toc156570258][bookmark: _Toc156570288][bookmark: _Toc158371547][bookmark: _Toc158985041][bookmark: _Toc158986180][bookmark: _Toc159180945][bookmark: _Toc159181131][bookmark: _Toc159181365][bookmark: _Toc159228401]The SBFD configuration in time and frequency domain is available to SBFD aware UEs in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED. 
[bookmark: _Toc156560663][bookmark: _Toc156570082][bookmark: _Toc156570259][bookmark: _Toc156570289][bookmark: _Toc158371548][bookmark: _Toc158985042][bookmark: _Toc158986181][bookmark: _Toc159180946][bookmark: _Toc159181132][bookmark: _Toc159181366][bookmark: _Toc159228402]The SBFD configuration in time and frequency domains is indicated via SIB as baseline. 
Despite preferring that the signaling of the frequency and time location of the UL subband is in SIB as baseline, we see that additional RRC configuration might be needed, for example for supporting other scenarios such as dual connectivity, EN-DC or NR-DC, or carrier aggregation. 
[bookmark: _Toc158371549][bookmark: _Toc158985043][bookmark: _Toc158986182][bookmark: _Toc159180947][bookmark: _Toc159181133][bookmark: _Toc159181367][bookmark: _Toc159228403]Signaling of the SBFD time and frequency configuration via RRC dedicated signaling can be considered, additionally to signaling in SIB, to support dual connectivity or carrier aggregation with SBFD carriers. 
Time domain aspects
NR frame time domain configuration supports configuration per slot and per symbol. The NR TDD configuration framework has a hierarchical structure consisting of, first, cell-wide TDD pattern provided via RRC/SIB signaling (TDD-UL-DL-ConfigCommon); second, UE specific TDD pattern via RRC signalling in TDD-UL-DL-ConfigDedicated and, third, dynamic (lower-layer) indication provided via a DCI scheduling an UL or DL transmission or providing Slot Format Indication (SFI) for one or multiple radio slots. Each of these signalling messages allows to indicate whether a symbol is either UL, DL or flexible, and currently only those symbols defined as ‘flexible’ may be later overridden to be either UL or DL following the specified signalling hierarchy.
[bookmark: _Toc155691045][bookmark: _Toc156479029][bookmark: _Toc156560664][bookmark: _Toc156570083][bookmark: _Toc156570260][bookmark: _Toc156570290][bookmark: _Toc158371550][bookmark: _Toc158985044][bookmark: _Toc158986183][bookmark: _Toc159180948][bookmark: _Toc159181134][bookmark: _Toc159181368][bookmark: _Toc159228404]The granularity of the TDD UL/DL configuration in NR is one OFDM symbol. 
In Rel-18, there were discussions of the benefits of allowing a slot to consist of both SBFD and non-SBFD symbols. The advantage of allowing a slot to consist of both SBFD and non-SBFD symbols would be compatibility with symbol-level TDD UL/DL configuration. We don’t see any disadvantage in terms of increase of complexity and loss of scheduling flexibility by allowing a slot to consist of both SBFD and non-SBFD symbols. Note that allowing the slot to consist of SBFD and non-SBFD symbols does not necessarily mean that the scheduling will span through symbols of different types. Therefore, in order to better coexist with existing signalling, we propose that the granularity of the SBFD configuration is an OFDM symbol. Additionally, during the SI it has been discussed which periodicity should be considered for the SBFD time domain configuration. Two options were discussed: a new periodicity or compatibility with existing TDD pattern. Our preference is again, to keep the compatibility with existing signalling. 
[bookmark: _Toc156560665][bookmark: _Toc155691047][bookmark: _Toc156479031][bookmark: _Toc156560666][bookmark: _Toc156570084][bookmark: _Toc156570261][bookmark: _Toc156570291][bookmark: _Toc158371551][bookmark: _Toc158985045][bookmark: _Toc158986184][bookmark: _Toc159180949][bookmark: _Toc159181135][bookmark: _Toc159181369][bookmark: _Toc159228405]A slot can consist of both SBFD and non-SBFD symbols. The granularity of the SBFD time domain configuration is an OFDM symbol and the periodicity is determined by the configured TDD patterns.
Apart from that discussion, another important topic is how many transitions between SBFD and non-SBFD slots would be allowed within a TDD UL/DL configuration period. In Rel-18, various gNB antenna configuration options are considered. Some antenna configuration options like option 2 (Method 2-1) and option 3 (Method 3-1), do not require guard period for switching between SBFD and non-SBFD symbols since no DL/UL switching in the same panel is assumed,  can be skipped. Therefore, at least for these cases, there is no big problem in terms of guard period overhead thus frequent transitions between SBFD and non-SBFD symbols should not be prevented at least from specification point of view. 
[bookmark: _Toc155691048][bookmark: _Toc156479032][bookmark: _Toc156560667][bookmark: _Toc156570085][bookmark: _Toc156570262][bookmark: _Toc156570292][bookmark: _Toc159228406][bookmark: _Toc158371552][bookmark: _Toc158985046][bookmark: _Toc158986185][bookmark: _Toc159180950][bookmark: _Toc159181136][bookmark: _Toc159181370]Depending on the gNB architecture and antenna configuration, guard periods might or might not be needed during the transitions between SBFD and non-SBFD symbols. The number of transition points between SBFD and non-SBFD symbols should not be contrained at least from specification point of view. 
[bookmark: _Toc155691049][bookmark: _Toc156479033][bookmark: _Toc156560668][bookmark: _Toc156570086][bookmark: _Toc156570263][bookmark: _Toc156570293][bookmark: _Toc159228407][bookmark: _Toc158371553][bookmark: _Toc158985047][bookmark: _Toc158986186][bookmark: _Toc159180951][bookmark: _Toc159181137][bookmark: _Toc159181371]For the SBFD time domain configuration, two or more transition points between SBFD and non-SBFD symbols within a TDD UL/DL pattern period can be configured. 

Frequency domain aspects
During the SI, the semi-static SBFD configuration in frequency domain has also been discussed. It has been agreed that at least explicit indication of frequency location of the UL subband is required, but the explicit configuration of the DL subband or the guardbands have been captured as Option 1 and Option 2 in the TR as copied below: 
	For semi-static configuration of subband frequency locations for SBFD operation, at least explicit indication of frequency location of UL subband is required. At least for semi-static SBFD, the following two options are viable solutions for frequency location configuration of DL subband(s) and guardband(s) if any.
-	Option 1: Frequency locations of 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: The number of RBs for guardband(s), if any, is explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).



Regarding the configuration of the DL subband(s) and guardband(s), the most important is that the UE is aware of the location of DL subbands, either by explicit configuration or implicit determination. We don’t see any fundamental difference on how the guardbands or DL subbands would be signalled to the UE, as long as the gNB and UE have the same understanding about the location of DL subbands and the guardbands, if any. Guardbands might be needed due to two aspects: to control the self-interference at the gNB – as discussed during the RAN4 SI – or to control the UE-to-UE CLI at the UE. The former depends on the gNB implementation, in terms for example of subband filtering, interference cancellation, and the latter depends on the UE implementation as well, such as advanced filtering, but also on the CLI conditions at the UE. 
The guardbands could be signalled, for example, by the number of RBs immediately below or above the UL subband. The DL subbands, on the other hand, could be signalled by the PRB index of the start or end of the DL subband(s), and the UE assumes that the DL subband(s) starts or ends at the edges of the BWP. We think it is important to reach an agreement in this meeting, since this topic has been ongoing during multiple meetings in the SI phase. Since the UE is only schedulable in DL or UL subbands, not in the guardbands, Option 1 might be slightly better than Option 2.  
[bookmark: _Toc156479036][bookmark: _Toc156560671][bookmark: _Toc156570087][bookmark: _Toc156570264][bookmark: _Toc156570294][bookmark: _Toc158371554][bookmark: _Toc158985048][bookmark: _Toc158986187][bookmark: _Toc159180952][bookmark: _Toc159181138][bookmark: _Toc159181372][bookmark: _Toc159228408]Frequency locations of DL subband(s) and UL subband are explicitly configured. Guardband(s) if any correspond to the RBs which are not within UL subband or DL subband(s).
Additionally, the TR captures that:
	Furthermore, for the purpose of RAN1 study, the understanding is that for semi-static configuration of subband frequency locations for SBFD operation, frequency location of UL/DL subband is with reference to CRB grid. For semi-static configuration of subband location, same subband frequency resources across different SBFD symbols are considered as baseline.


 
Though we agree that the understanding from the study phase should be confirmed – i.e. to use the CRB grid as reference – RAN1 should discuss whether the subband is indicated based on absolute PRB index, or an offset, for example, to the CD-SSB frequency. 
[bookmark: _Toc156560672][bookmark: _Toc156570091][bookmark: _Toc156570268][bookmark: _Toc156570297][bookmark: _Toc158371557][bookmark: _Toc158985049][bookmark: _Toc158986188][bookmark: _Toc159180953][bookmark: _Toc159181139][bookmark: _Toc159181373][bookmark: _Toc159228409]Using the frequency allocated to the transmission of the SSB or CORESET0 as reference, and an offset for the configuration of the UL subband, can reduce the configurable range and number of bits used to indicate the UL subband to the UE.
[bookmark: _Toc156560673][bookmark: _Toc156570092][bookmark: _Toc156570269][bookmark: _Toc156570298][bookmark: _Toc158371558][bookmark: _Toc158985050][bookmark: _Toc158986189][bookmark: _Toc159180954][bookmark: _Toc159181140][bookmark: _Toc159181374][bookmark: _Toc159228410]Confirm the understanding from the TR, that for semi-static configuration of subband frequency locations for SBFD operation, frequency location of UL/DL subband is with reference to CRB grid. And further discuss whether the frequency location is indicated in terms a PRB index, or an offset to the SSB or CORESET0 frequency.
We think it is important to confirm the baseline assumption captured in the TR regarding the subband location across different SBFD symbols. 
[bookmark: _Toc156560674][bookmark: _Toc156570093][bookmark: _Toc156570270][bookmark: _Toc156570299][bookmark: _Toc158371559][bookmark: _Toc158985051][bookmark: _Toc158986190][bookmark: _Toc159180955][bookmark: _Toc159181141][bookmark: _Toc159181375][bookmark: _Toc159228411]For semi-static configuration of subband location, confirm the understanding from the TR, that the same subband frequency resources are configured across different SBFD symbols. 
Still in the frequency domain aspects, during the SI it has been discussed whether the SBFD subbands should be indicated per carrier or per BWP, but no conclusions were reached. In any case, there is only one UL subband per carrier. The advantage of indicating the frequency location per carrier, is that it would be indicated only once, so the amount of signalling exchange required for conveying the information about the subbands frequency location would be reduced. Additionally, we would prefer cell-common signaling, as discussed in Section 2.1, that would be available for UEs in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED.
[bookmark: _Toc158985052][bookmark: _Toc158986191][bookmark: _Toc159180956][bookmark: _Toc159181142][bookmark: _Toc159181376][bookmark: _Toc159228412][bookmark: _Toc156560675][bookmark: _Toc156570094][bookmark: _Toc156570271][bookmark: _Toc156570300][bookmark: _Toc158371560]The SBFD subbands frequency location should be signaled per carrier. 
[bookmark: _Toc158371561]
For the explicit indication of the UL and DL subbands, our view is that there could be a mechanism similar to the RIV (Resource Indicator Value) or a simple start- and end-RB index as the mechanisms used to indicate the Bandwidth Part frequency resources for example. Therefore, the UL subband could be indicated in terms of a common RB (with a pre-defined reference) and a number of contiguous RBs, indicated as a RIV. We further discuss this topic below.
Based on the principles presented above, an example of the signaling of the SBFD subband configuration is presented in the following. As depicted in Figure 1, the TDD-UL-DL-ConfigCommon information element conveys to all the UEs in the cell a ‘baseline’ time-domain configuration (e.g. similar TDD pattern as in current deployments). In the example in Figure 1, the baseline time-domain configuration consists of two separate TDD patterns (5 slots duration each) that are appended to each other. For each TDD pattern, a SBFD subband can be indicated as a set of time and frequency resources (e.g. consisting of a start- and end- symbol/RB in time- and frequency-domain, respectively, or as a RIV value) and such resources are regarded by SBFD-aware UEs as uplink resources (guard bands or DL sub bands may be indicated as well following similar principles). The SBFD-aware UE deducts the cell’s time and frequency domain configuration by combining the existing legacy TDD UL-DL signaling and the new SBFD subband configuration, resulting in a DXXXUXXXUU pattern as per the illustration below. Note that legacy UEs are only aware of the legacy signalling, so they will operate according to the legacy DDDSUDDSUU pattern.
 [image: A diagram of a computer

Description automatically generated with medium confidence]
[bookmark: _Ref156553863]Figure 1: Example of time and frequency domain indication of the SBFD sub bands
UE Transmission and reception behaviours on SBFD subbands 
This section focuses on transmission and reception behaviors for SBFD-aware UEs as per the following objectives:
	· Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2] 
· Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only
· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands
Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols



According to the WI objectives presented above, the UE behavior is clear within the DL subband and the UL subband. However, there are some topics that still need further discussion, e.g. UE behavior in the guardbands, whether a slot can consist of both SBFD and non-SBFD symbols, and whether a transmission or reception occasion can span through SBFD and non-SBFD symbols in the same slot.
UE transmission/ reception behavior within the guardbands
Regarding the UE behavior in the guardbands, the TR captures the following conclusion: 
For semi-static SBFD, a SBFD aware UE does not transmit UL channels/signals or receive DL channels/signals on the guardband(s) that the UE is aware of. 
[bookmark: _Hlk159274722]So, in principle, the guardbands cannot be used for data transmission or reception. However, the RSSI measurement does not require any configuration and transmission of signals in the guardband. The RSSI is a measure of the power in pre-defined frequency resources, and the RSSI measurement resource could be configured within the guardband or overlapping with the guardband, to help the UE to assess the CLI. Detailed discussion about this topic is in our companion contribution [4], but the main advantage would be that the RSSI measured in the guardband would provide to the UE a better estimate of the UE-to-UE CLI than measurements in the DL subband, which contains the gNB transmissions unless the gNB mutes itself during the resources configured for CLI-RSSI.  
[bookmark: _Toc158371562][bookmark: _Toc158985053][bookmark: _Toc158986192][bookmark: _Toc159180957][bookmark: _Toc159181143][bookmark: _Toc159181377][bookmark: _Toc159228413]CLI-RSSI measurements in the guardbands provide a better estimate of the UE-to-UE CLI than CLI-RSSI measurements in DL subbands, which also comprise gNB DL transmissions unless the gNB mutes itself during the RSSI measurement resources.
[bookmark: _Toc158371563][bookmark: _Toc158985054][bookmark: _Toc158986193][bookmark: _Toc159180958][bookmark: _Toc159181144][bookmark: _Toc159181378][bookmark: _Toc159228414]A SBFD aware UE does not transmit UL channels/signals or receive DL channels/signals on the guardband(s). CLI-RSSI measurements within guardbands are allowed.

Whether the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot 
During the Rel-18 SI, it has been studied whether a physical channel/ signal can be mapped to SBFD and non-SBFD symbols within a slot, as captured in TS 38.858 and copied below: 
	For a physical channel/signal occasion mapped to SBFD and non-SBFD symbols within a slot if any, the following options for UE transmission/reception can be considered in the normative stage.
-	Option 1: UE does not transmit or receive the physical channel/signal within the slot.
-	Option 2: UE can transmit or receive the physical channel/signal within the slot only under certain conditions.
-	The conditions may depend on at least the following: whether or not phase continuity can be maintained across SBFD and non-SBFD symbols, whether or not there are same or different transmission/reception parameters e.g. power control, spatial/QCL, UL timing etc. applied in SBFD and non-SBFD symbols, and whether or not there is a guard period between the SBFD and non-SBFD symbols, etc.
-	Other options are not precluded.



The first part of the study in Rel-18, was to identify in which cases a transmission can be mapped across SBFD and non-SBFD symbols within a slot. We refer to this mapping as cross-symbol-type mapping and refer to the slot as mixed slot hereinafter. One obvious use case of cross-symbol-type mapping is to allow a full-slot scheduling for UL transmission in the mixed slot, e.g. for the special ‘S’ slot preceding the UL slot, where there may be SBFD symbols and UL symbols.  The benefit for allowing cross-symbol-type mapping within a slot is that it avoids either scheduling restriction at the scheduler or specific handling rules at the UE. In the special ‘S’ slot, the number of SBFD symbols will be larger than number of non-SBFD symbols. Therefore, if cross-symbol-types mapping is not allowed, the scheduler would mostly schedule transmission only on SBFD symbols in the slot. However, performance of a transmission on SBFD symbols only may be worse than performance of a transmission with cross-symbol-types mapping. Indeed, given that interference is lower in non-SBFD symbol compared to its counterpart, interleaved encoded bits are spread across symbol types and may result in better performance.
Similarly, this should also allow full-slot scheduling for DL transmission in DL subbands in a mixed slot with DL-only and SBFD symbols. 
[bookmark: _Toc142394826][bookmark: _Toc142394918][bookmark: _Toc142397664][bookmark: _Toc142397762][bookmark: _Toc142397969][bookmark: _Toc142399694][bookmark: _Toc142400780][bookmark: _Toc142400879][bookmark: _Toc142400977][bookmark: _Toc142401087][bookmark: _Toc142401260][bookmark: _Toc142466604][bookmark: _Toc142481223][bookmark: _Toc142482037][bookmark: _Toc158371566][bookmark: _Toc158985055][bookmark: _Toc158986194][bookmark: _Toc159180959][bookmark: _Toc159181145][bookmark: _Toc159181379][bookmark: _Toc159228415]Several benefits of allowing a transmission to be mapped across SBFD and non-SBFD symbols in a slot could be observed, namely allowing full-slot scheduling in the slot and thus avoiding either scheduling restriction at the scheduler or specific handling rules at the UEs or offering better performance for data (or control bits, if any) thanks to interleaving the encoded bits across symbol types given that lower interference is expected in non-SBFD symbols.
[bookmark: _Toc159228416][bookmark: _Toc142481227][bookmark: _Toc142482041][bookmark: _Toc158371567][bookmark: _Toc158985056][bookmark: _Toc158986195][bookmark: _Toc159180960][bookmark: _Toc159181146][bookmark: _Toc159181380]For a slot covering both SBFD symbol and non-SBFD symbol, a transmission spanning across SBFD and non-SBFD symbols in a slot should be allowed. 
[bookmark: _Toc142399696][bookmark: _Toc142400782]Issues with not allowing a transmission to be mapped across SBFD and non-SBFD symbols in a slot:
If a transmission is not allowed to be mapped across SBFD and non-SBFD symbols in a slot, then UE behaviour for TDRA determination for the transmission/repetition that spans across SBFD and non-SBFD symbols within a slot should be defined. Furthermore, legacy UEs are not aware of SBFD symbols, and would receive in DL slots (which might be configured as SBFD by the network). This is relevant, for example, for the case of one transmission spans multiple slots, TBoMS, and at least one of these slots consists of symbols of different types. 
Another relevant case is semi-static scheduling or, even more relevant, for the case of PUSCH/PDSCH transmission with repetitions given that the repetitions follows the same time domain resource allocation as allocated for the first repetition. For example, let’s take the case of Rel-17 PUSCH repetitions, in which all repetitions follow the allocation of the 1st one (allocated with full 14 symbols in the slot), and thus only slots with 14 UL symbols are counted as available as illustrated in Figure 2 below. Assuming that repetitions can be mapped in slots of different types, there could still be the case in which one of these repetitions fall within a mixed slot, which consists of SBFD and non-SBFD symbols as the 5th repetition in the figure below:
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[bookmark: _Ref158370274]Figure 2: Example of PUSCH repetition with L = 14

In this case, several options should be considered (for the 5th repetition) to define UE behaviour if a transmission is not allowed to span across symbol types, namely, whether the mixed slot is not considered as available for the repetition, therefore it is not counted for the repetition or whether the UE considers only part of the resources as available for the repetition (for example the UL part of the slot, or the SBFD part of the slot), or the UE considers only the longest part of the slot for that repetition (either the UL part or the SBFD part, depending on the number of symbols in each). Indeed, the above two options in the TS either too restrictive and lead to performance loss (Option 1) or too complicated for conditions checking (Option 2). Therefore, RAN1 should also consider another option that the transmission is partially dropped, i.e., UE transmits or receives only the part in either SBFD or non-SBFD symbols. In this option, the condition needed for option 2 will be no more limitation for the channel/signal transmission, which will provide easier chance to transmit in the slot covering two types of symbols, provide flexibility, and minimize performance loss.
[bookmark: _Toc158985057][bookmark: _Toc142466607][bookmark: _Toc142481226][bookmark: _Toc142482040][bookmark: _Toc158371568][bookmark: _Toc158986196][bookmark: _Toc159180961][bookmark: _Toc159181147][bookmark: _Toc159181381][bookmark: _Toc159228417]If a transmission is not allowed to be mapped across SBFD and non-SBFD symbols in a slot, some specification work may still be needed to specify expected UE behavior especially for semi-static PUSCH/PDSCH and PUSCH/PDSCH with repetitions and TBoMS: e.g. whether the mixed slot is not considered as available for the repetition, or only part of the resources is considered as available.





Frequency domain resource allocation enhancements

	· Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2] 
· Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only
· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands
Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols
· Enhancement on resource allocation in frequency domain in SBFD symbols, including
· resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols
· handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG
· Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, including
· resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
· CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots
· Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol



Frequency-domain resource allocation (FDRA) enhancements were extensively discussed during the Rel-18 Duplex_Evo study item. As noted in the WI description, the main challenges arise from the presence of two disjoint DL subbands, and potential misalignment between the UL/DL subbands and the resource block groups (RBG). In the following, we discuss some of the challenges related to PDSCH FDRA Type 0 and Type 1, and CSI-RS.
PDSCH/PUSCH Resource allocation
According to the WID, enhancements should be done to support resource allocation (RA) in frequency domain for PDSCH across two DL subbands. We herein provide analyses on the potential issues for RA type 0 and RA type 1.
For PDSCH RA type 0, a bitmap is used for indicating the corresponding RBGs. Therefore, gNB has full flexibility to use the bitmap for selecting the RBGs that do not overlap with the UL subband or guard band. The only remaining issue with RA type 0 is when an RBG is partially overlap with both DL subband and UL subband (and/or guard band), i.e., the unaligned boundaries between the DL subband and RBG. This issue is common also for PUSCH scheduled with RA type 0. Two solutions exist for handling this issue. 
· As one alternative, this issue can be handled by gNB’s implementation, e.g., making sure that the unaligned boundaries doesn’t happen in the first place when configuring UL subband size and RBG size, or only schedule the PDSCH with the RBGs that fully overlap with DL subbands (or UL subband for PUSCH).
· Another alternative is explicitly specifying that the part of RBG outside the DL subband (for PDSCH) or UL subband (for PUSCH) cannot be used for DL/UL transmission.
[bookmark: _Toc158371569][bookmark: _Toc158985058][bookmark: _Toc158986197][bookmark: _Toc159180962][bookmark: _Toc159181148][bookmark: _Toc159181382][bookmark: _Toc159228418]Resource allocation type 0 supports scheduling PDSCH across two DL subbands by design. The only issue is when the boundaries between a DL subband and a RBG are unaligned. This issue is also applicable for PUSCH scheduled with RA type 0.
[bookmark: _Toc158371570][bookmark: _Toc158985059][bookmark: _Toc158986198][bookmark: _Toc159180963][bookmark: _Toc159181149][bookmark: _Toc159181383][bookmark: _Toc159228419]For PUSCH/PDSCH frequency domain resource allocation type 0, the part of the UL/DL RBG outside the UL/DL subband cannot be used for UL/DL transmissions.
For RA type 1, resource indication value (RIV) is used for indicating a starting virtual resource block (VRB), i.e.,  and a number of contiguously allocated VRBs, i.e., . The allocated VRBs are then mapped to physical resource blocks (PRBs) in either interleaved or non-interleaved manner, following the VRB-to-PRB mapping process. Different from RA type 0, for which the overlapping resources may be only in one RB or a few RBs of a RBG, the overlapping resource in RA type 1 for scheduling PDSCH across the subbands is significantly higher than that. If non-interleaved VRB-to-PRB mapping is used, the overlapping part is the entire UL subband. If interleaved VRB-to-PRB mapping is used, the overlapping part can be smaller than its non-interleaved counterpart but still significant, as shown in Figure 3below. In addition, the legacy RA type 1 does not offer sufficient flexibility for the scheduler to schedule resources across the two DL subbands. 
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[bookmark: _Ref158799708]Figure 3: Overlapping issue still exists when interleaved VRB-to-PRB mapping is applied for scheduling PDSCH in SBFD symbols.
For the above reasons, it can be observed that, for RA type 1, UE should not simply drop the overlapping part given the amount of overlapping resource in case of RA type 1 is significantly higher than its RA type 0 counterpart.
[bookmark: _Toc158986199][bookmark: _Toc158985060][bookmark: _Toc159180964][bookmark: _Toc159181150][bookmark: _Toc159181384][bookmark: _Toc159228420]Different from RA type 0, for which the overlapping resources may be only in one RB or a few RBs of a RBG, the overlapping resource in RA type 1 for scheduling across DL subband is significantly higher than that. Therefore, for RA type 1, UE should not simply drop the overlapping part.

Therefore, RAN1 should discuss enhancements for RA type 1, such that the scheduling takes into account only the PRBs in the two DL subbands. There are two options for such consideration:
· Option 1: In SBFD slots, the bundling of PRBs takes into account only the PRBs in DL subbands. These bundles are then continuously indexed. The legacy VRB-to-PRB mapping is considered both in case of non-interleaved or interleaved mapping as shown in Figure 4and Figure 5 below, respectively.
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[bookmark: _Ref158799934]Figure 4: Example of Option 1, PRBs bundles that do not overlap with UL subband and guardband are continuously indexed. Non-interleaved VRB-to-PRB mapping.
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[bookmark: _Ref158799939]Figure 5: Example of Option 1, PRBs bundles that do not overlap with UL subband and guardband are continuously indexed. Legacy interleaver is used for interleaved VRB-to-PRB mapping.
· Option 2: In SBFD slots, the legacy bundling and indexing of PRBs are kept but interleaver for VRB-to-PRB mapping is modified such that contiguous VRBs are mapped to PRBs in DL subbands. An example of this option is shown in Figure 6 below.
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[bookmark: _Ref158800907]Figure 6. Example of Option 2, legacy bundling and indexing of PRBs are kept but interleaver for VRB-to-PRB mapping is modified.
In addition, several options have been discussed during the SI, which can be considered for further discussion to down-select in WI, namely:
· Option 3: Mapping one VRB bundle to two PRB bundles to allow “mirror image” FDRA. In this option, the DL grant indicates a set of VRB bundles which is then mapped to two sets of PRB bundles, as shown in Figure 7. 
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[bookmark: _Ref158870820]Figure 7. An example of mapping one VRB to two PRBs to allow "mirror image" FDRA.
· Option 4: The bundle indices are allowed to be wrapped-around to ensure that the allocated PRB bundle indices do not fall outside of the DL subbands. This option considers non-interleaved VRB-to-PRB mapping and uses the starting PRB bundle index of the upper DL subband (i.e., bundle 13 in the above figures) as reference point for RA. For a RIV that indicates a number of bundles such that the last bundle index is greater than the maximum bundle index, it will be wrapped-around to the lower DL subband.

Pros and cons exist for each of the above options. Indeed, for Option 1, although the legacy interleaver for VRB-to-PRB is kept, significant specification impacts are foreseen for introducing a new bundling and indexing rule for the VRB and PRB bundles. In contrast, Option 2 doesn’t require such significant impacts although a modification in interleaver for VRB-to-PRB mapping is needed as a trade-off. Since the ‘VRB-to-PRB mapping’ can be enabled/disabled dynamically in any DL DCI format, Option 2 provides the flexibility to use non-interleaved VRB-to-PRB mapping for resource allocations contained in only one of the two DL sub bands, while allocations spanning over both DL subbands can be scheduled using interleaved VRB-to-PRB mapping with modified rules to exclude RBs outside the DL subband. Option 3 requires a change in the mapping rule itself rather than only modification on interleaver. Option 4 does not require changes to neither the bundling/indexing step nor the mapping/interleaving step. However, this option requires a rule for wrapping-around the allocated resource across the two DL subbands, which needs to be further discussed.
[bookmark: _Toc158985061][bookmark: _Toc158986200][bookmark: _Toc159180965][bookmark: _Toc159181151][bookmark: _Toc159181385][bookmark: _Toc159228421]RAN1 to specify enhancements for resource allocation type 1 for scheduling PDSCH across DL subbands taking into consideration at least the following options:
· [bookmark: _Toc159181152][bookmark: _Toc159181386][bookmark: _Toc159228422]Option 1: In SBFD slots, the bundling of PRBs takes into account only the PRBs in DL subbands. These bundles are then continuously indexed. The legacy VRB-to-PRB mapping is used for both interleaved and non-interleaved mapping.
· [bookmark: _Toc159181153][bookmark: _Toc159181387][bookmark: _Toc159228423]Option 2: In SBFD slots, the legacy bundling and indexing of PRBs are kept, but interleaver for VRB-to-PRB mapping is modified such that contiguous VRBs are mapped to PRBs in DL subbands. 
· [bookmark: _Toc159181154][bookmark: _Toc159181388][bookmark: _Toc159228424]Option 3: In SBFD slots, the legacy bundling and indexing of PRBs are kept, but VRB-to-PRB mapping rule is changed such that one VRB bundle is mapped to two PRB bundles to allow “mirror image” FDRA.
· [bookmark: _Toc159181155][bookmark: _Toc159181389][bookmark: _Toc159228425]Option 4: In SBFD slots, the legacy bundling and indexing of PRBs are kept, but the bundle indices are allowed to be wrapped-around to ensure that the allocated PRB bundle indices do not fall outside of the DL subbands.

CSI-RS Resource allocation
CSI-RS has similar frequency resource fragmentation problem as described for PDSCH in the previous section, especially in a DUD configuration. Two alternatives for the CSI-RS resource allocation were discussed during the SI phase: 1) two contiguous CSI-RS resources that are linked with each other, and 2) one CSI-resource with either non-contiguous resource allocation or where the frequency resources outside the DL subband are excluded. Our preference is to support a single CSI-RS resource in which the frequency resources outside the DL subband are excluded. Essentially, CSI-RS resources are configured over the entire bandwidth, but the UE can assume CSI-RS is not transmitted on REs that are overlapping with UL subband and guardband in a SBFD slots/symbols.
[bookmark: _Toc158371579][bookmark: _Toc158985062][bookmark: _Toc158986201][bookmark: _Toc159180966][bookmark: _Toc159181156][bookmark: _Toc159181390][bookmark: _Toc159228426]CSI resources are configured over the entire bandwidth, with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband(s).
If the CSI-RS for tracking is of higher priority than UL transmission, and the current time domain position of CSI-RS for tracking on FR1 are {4,8}, {5,9}, or {6,10}. Then we can see once this slot is occupied by TRS, the UE is difficult for the remaining symbols to be used for the UL subband. There aren't too many consecutive UL subband symbols that can be used. So, the SBFD aware UE wants to do PUSCH in the TRS on SBFD slots, it is hard to compatible them.
If the TRS on FR1 can support FR2 configuration range, such as {0,4},{1,5},{2,6},{3,7},{8,12},{9,13} the SBFD aware UE can both monitor TRS and do UL traffic in SBFD slots, at least there are max 9 contiguous symbols [5-13] or [0-8] for UL compare with current FR1 max 5 UL symbols [0-5] or [9-13].    
[bookmark: _Toc158371582][bookmark: _Toc158985063][bookmark: _Toc158986202][bookmark: _Toc159180967][bookmark: _Toc159181157][bookmark: _Toc159181391][bookmark: _Toc159228427]Supporting more TRS symbol positions in FR1 may allow the SBFD aware UE both to monitor TRS and to transmit UL data in SBFD slots.

Enhancements on physical channels/signals across SBFD symbols and non-SBFD symbols  
This section discusses enhancements in line with the objective highlighted below:
	· Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2] 
· Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only
· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands
Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols
· Enhancement on resource allocation in frequency domain in SBFD symbols, including
· resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols
· handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG
· Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, including
· resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
· CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots
· Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol



PUSCH
It can be observed that, 
· On the one hand, UL transmissions in SBFD slots (e.g., PUSCH in particular) would be impacted by different types of CLI namely, gNB self-interference, gNB-to-gNB co-channel inter-subband CLI, and/or gNB-to-gNB inter-cell co-channel intra-subband. This significantly impacts performance of the UL transmissions in SBFD slots. In contrast, UL transmissions in non-SBFD slots would not be suffering from these interferences, at least for the case when frame structures are aligned across the cells. 
· On the other hand, non-SBFD slots offer a wider available bandwidth for UL transmissions compared to SBFD slots counterpart.
· In addition, transmissions in narrow bandwidth could help improving coverage thanks to higher EPRE.
From the above observations, it’s straightforward to deduce that, for transmissions across SBFD and non-SBFD slots, it is beneficial to allow the part of the transmission in non-SBFD slots having a higher number of RBs compared to the SBFD slots counterpart.
[bookmark: _Toc158986203][bookmark: _Toc158985064][bookmark: _Toc159180968][bookmark: _Toc159181158][bookmark: _Toc159181392][bookmark: _Toc159228428]For transmissions across SBFD and non-SBFD slots, it is beneficial to allow the part of the transmission in non-SBFD slots to have a higher number of RBs compared to the part of the transmission in SBFD slots.
Since the main motivation of introducing SBFD is for coverage enhancements (and/or latency reduction), RAN1 should pay attention to the impacts of SBFD on coverage enhancement features, namely, PUSCH repetitions and TBoMS (with or without repetitions). Indeed, according to the current specs, these features apply the same frequency allocation across the repetitions (i.e., across the slots that include the repetitions, whose slot types could be different). 
[bookmark: _Toc158986204][bookmark: _Toc158985065][bookmark: _Toc159180969][bookmark: _Toc159181159][bookmark: _Toc159181393][bookmark: _Toc159228429]Given that the main motivation of introducing SBFD is for coverage enhancements (and/or latency reduction), it is worth paying more attention to the impacts of SBFD on coverage enhancement features, namely, PUSCH repetitions and TBoMS (with or without repetitions).
[bookmark: _Toc158985066][bookmark: _Toc158986205][bookmark: _Toc159180970][bookmark: _Toc159181160][bookmark: _Toc159181394][bookmark: _Toc159228430]For transmissions across SBFD and non-SBFD slots, RAN1 to specify means for UE to apply a higher number of RBs for the part of the transmission in non-SBFD slots compared to the SBFD slots counterpart. The transmission can be PUSCH repetitions or TBoMS with or without repetitions.

PUSCH repetitions and single TBoMS
In current specifications, for PUSCH repetitions, the same frequency resource to be applied for the transmissions on different slots is indicated by a single FDRA field in the scheduling DCI. For indicating different frequency resources for different slot types, RAN1 should avoid modifying DCI unnecessarily (e.g., by adding another FDRA field). Instead, given the ratio between the UL subband and the entire wide bandwidth is fixed (semi-statically configured), a scaling factor can be considered for achieving different frequency resources for different slot types.
[bookmark: _Toc158986206][bookmark: _Toc158985067][bookmark: _Toc159180971][bookmark: _Toc159181161][bookmark: _Toc159181395][bookmark: _Toc159228431]For achieving different frequency resources for different slot types, a scaling factor can be considered, since the ratio between the UL subband and the entire wide bandwidth is fixed (semi-statically configured).
The scaling factor is to be applied for scaling the resources indicated by the FDRA field. However, whether the indicated resource should be scaled up or scaled down would depend on the slot type of the first repetition. Indeed, in principle the FDRA indicates resource for the first repetition. Therefore, if the first repetition is in a SBFD slot, then the indicated resource should be scaled up for being applied for the repetitions in non-SBFD slots. Conversely, if the first repetition is in a non-SBFD slot, then the indicated resource should be scaled down for being applied for the repetitions in SBFD slots.
In addition, different scaling factors and approaches can be considered for different resource allocation (RA) types. For RA type 0, a scaling factor can be used for scaling the resource block group (RBG) resulting in different RBGs for different slot types. For RA type 1, the starting resource block and the length of the resource blocks, i.e.,  and , can be scaled by another factor.
[bookmark: _Toc158986207][bookmark: _Toc158985068][bookmark: _Toc159180972][bookmark: _Toc159181162][bookmark: _Toc159181396][bookmark: _Toc159228432]For achieving different frequency resources for different slot types, whether the scaling of indicated resource is up or down would depend on the slot type of the first repetition/transmission. The factor to be scaled can be different for different resource allocation types, e.g., RBG for type 0 and / for type 1.
Similar principles can be applied to single TBoMS (without repetitions), where a scaling factor can be introduced for TBoMS to scale the allocated frequency resources depending on the slot type. An illustration of this enhancement is shown in Figure 8.
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[bookmark: _Ref158814184]Figure 8. Illustration of potential enhancements for a single TBoMS transmission.
[bookmark: _Toc158985069][bookmark: _Toc158986209][bookmark: _Toc158985070][bookmark: _Toc159180973][bookmark: _Toc159181163][bookmark: _Toc159181397][bookmark: _Toc159228433]For PUSCH repetitions and a single TBoMS spanning across different slot types, RAN1 to specify a scaling factor, which is used by SBFD-aware UEs for scaling the frequency resource indicated by DCI. 
· [bookmark: _Toc158985071][bookmark: _Toc158986210][bookmark: _Toc159180974][bookmark: _Toc159181164][bookmark: _Toc159181398][bookmark: _Toc159228434]The scaling can be up or down, depending on the slot type of the first repetition/transmission. 
· [bookmark: _Toc158985072][bookmark: _Toc158986211][bookmark: _Toc159180975][bookmark: _Toc159181165][bookmark: _Toc159181399][bookmark: _Toc159228435]Different scaling factors and approaches are specified for different resource allocation types.

TBoMS with repetitions
Given the CLI challenge in SBFD slots, it’s reasonable to apply TBoMS in SBFD slots, e.g., N slots. However, when the TBoMS is used with repetitions, the subsequent N available slots should also be used for the next repetition with the same number of allocated PRBs, even if the subsequent slots are not SBFD slots and have no coverage issue. To cope with this limitation, a new PUSCH repetition type can be considered, which takes into account advantages of TBoMS for tackling coverage shortage due to CLI in SBFD slots while also exploiting the characteristics of SBFD operation in terms of bandwidth and CLI difference between SBFD and non-SBFD slots.
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[bookmark: _Ref158873130]Figure 9. Illustration of potential enhancements for TBoMS with repetitions.
An illustration of a potential enhancements for TBoMS with repetitions is shown in Figure 9. In this figure, a single TBoMS does not span across different slot types but being used within SBFD slots only. One TBoMS is considered as one repetition, using a smaller number of PRBs. In addition, the repetitions in non-SBFD slots is a single-slot repetition with a higher number of PRBs. With this enhancement, advantages of TBoMS for tackling coverage shortage due to CLI in SBFD slots are exploited, while single-slot repetitions in non-SBFD slots help improving throughput/latency.
[bookmark: _Toc158986212][bookmark: _Toc158985073][bookmark: _Toc159180976][bookmark: _Toc159181166][bookmark: _Toc159181400][bookmark: _Toc159228436]For TBoMS with repetitions, RAN1 to specify an enhancement that allows:
· [bookmark: _Toc158985074][bookmark: _Toc158986213][bookmark: _Toc159180977][bookmark: _Toc159181167][bookmark: _Toc159181401][bookmark: _Toc159228437]TBoMS to be applied across SBFD slots as one repetition with a smaller number of PRBs, and 
· [bookmark: _Toc158986214][bookmark: _Toc158985075][bookmark: _Toc159180978][bookmark: _Toc159181168][bookmark: _Toc159181402][bookmark: _Toc159228438]Single-slot PUSCH transmission is applied on each non-SBFD UL slot as another repetition with a higher number of PRBs. 

It is worth noting also that, the parameter  for UL power control for PUSCH is defined as the bandwidth of the PUSCH resource assignment expressed in number of resource blocks for PUSCH transmission occasion . In case different numbers of PRBs are considered for different repetitions or different parts of a transmission, discussion on how to handle the parameter should be carried out.
[bookmark: _Toc158986215][bookmark: _Toc158985076][bookmark: _Toc159180979][bookmark: _Toc159181169][bookmark: _Toc159181403][bookmark: _Toc159228439]In case different numbers of PRBs are considered for different repetitions or different parts of a transmission, discussion on how to handle the related parameter () for UL power control should be carried out.

PDCCH
As RAN1 discussed in SI phase, since PDCCH resources may be interrupted by UL subband/guard band in SBFD symbols/slots, RAN1 has already listed the candidate solutions to solve the PDCCH resource allocation in SBFD symbols/slots. 
Above all, as the DL frequency resources in DL or flexible symbols/slots and in SBFD symbols/slots are different, SBFD UE should have different principle or rule for PDCCH detection. Since PDCCH in SBFD symbols/slots can be only in DL subband(s) in frequency domain, there should be different PDCCH resources in different slot types, as shown in Figure 10. From this point of view, to align with the definition of CORESET and search space, it is good to define different CORESET in SBFD and non-SBFD slots while they can be corresponding to the same search space, so that the PDCCH can be searched in different frequency resource for same PDCCH format. 


[bookmark: _Ref158983639]Figure 10: PDCCH resource in non-SBFD and SBFD slots
[bookmark: _Toc158985077][bookmark: _Toc158986216][bookmark: _Toc158985078][bookmark: _Toc158986217][bookmark: _Toc159180980][bookmark: _Toc159181170][bookmark: _Toc159181404][bookmark: _Toc159228440]SBFD UE should have different PDCCH resources in SBFD and non-SBFD symbols/slots. Search space for same PDCCH format(s) should be corresponding to different frequency resources, i.e. CORESET, on different slot types.
Considering different frequency resource in SBFD and non-SBFD symbols/slots, if only one CORESET is configured for a SBFD UE for both SBFD and non-SBFD slots, then some CCE/REG may overlap with the UL subband/guard band and not available for PDCCH in SBFD slot. In this case, all the PDCCH candidates that the UE monitors should be fully on the DL subband, and the UE should not need to monitor PDCCH candidates that overlap with a CCE/REG outside the DL subband which also helps to avoid unnecessary power consumption.
[bookmark: _Toc158986218][bookmark: _Toc158985079][bookmark: _Toc159180981][bookmark: _Toc159181171][bookmark: _Toc159181405][bookmark: _Toc159228441]Some PDCCH candidates, e.g. with aggregation level 4/8/16, may be disrupted as they overlap with UL subband/guard band. 
[bookmark: _Toc158986219][bookmark: _Toc158985080][bookmark: _Toc159180982][bookmark: _Toc159181172][bookmark: _Toc159181406][bookmark: _Toc159228442]Different number of PDCCH candidates are available in SBFD and non-SBFD slots.
[bookmark: _Toc158985081][bookmark: _Toc158986220][bookmark: _Toc159180983][bookmark: _Toc159181173][bookmark: _Toc159181407][bookmark: _Toc159228443]Only the available/non-disrupted PDCCH candidates can be considered in PDCCH detection, in both SBFD and non-SBFD slots.
CSI Reporting
On the CSI reporting, under the assumption of DUD subbands configuration, the following two issues or areas for improvement are foreseen:
1. On the one hand, in frequency domain, the channel quality in the upper and lower DL subbands could be significantly different. For instance, different levels of UL-to-DL CLI may be experienced depending on which PRBs have been allocated to UEs for transmission in the UL subband. 
2. On the other hand, in time domain, large variations can be expected between the CSI/channel quality in SBFD slots and non-SBFD slots. Deriving CSI by combining UE measurements across symbols types would likely result in inaccurate CSI report and, correspondingly, sub-optimal link adaptation at gNB side.
To address the above issues, it is important that the CSI reporting framework allows reporting 1) independent measurement results (RI,CQI,PMI) for each DL subband, as well as 2) independent measurement results for SBFD and non-SBFD symbol types. For the latter, we propose that the UE is configured with two CSI-ReportConfig, both associated with the same CSI-RS, but one report is derived based on CSI-RS instances in SBFD symbols, and the other based on CSI-RS instances in DL symbols. This is also aligned with some of the options discussed during the SI phase.
[bookmark: _Toc158985082][bookmark: _Toc159180984][bookmark: _Toc159181174][bookmark: _Toc159181408][bookmark: _Toc159228444][bookmark: _Toc158986221]Only one CSI feedback reported for the measurement in SBFD slots will degrade network performance and spectral efficiency, because CSI report is averaged or derived from measurements in the two DL subbands which may be subject to different CLI conditions. 
[bookmark: _Toc158985083][bookmark: _Toc158986222][bookmark: _Toc159180985][bookmark: _Toc159181175][bookmark: _Toc159181409][bookmark: _Toc159228445]Regardless of the SBFD slot is configured with continuous or non-contiguous CSI-RS resources, independent feedback can be provided for each of the DL subbands CSI subband (either as separate CSI reports, or in the same report).

Configurations for channels and signals on SBFD symbols and non-SBFD symbols
This section discusses enhancements for different signals or channels in line with the objective highlighted below:
	· Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2] 
· Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only
· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands
Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols
· Enhancement on resource allocation in frequency domain in SBFD symbols, including
· resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols
· handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG
· Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, including
· resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
· CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots
· Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol



Configured-grant (CG-)PUSCH
A configured grant (CG)-PUSCH configuration can grant the UE with periodic resources for UL PUSCH transmissions. Two types of CG-PUSCH configurations are specified in NR: Type-1 CG and Type-2 CG. For both Type-1 and Type-2 CG, the CG-PUSCH allocation periodicity is configured via RRC. The resource allocation parameters (MCS, FD resource allocation, TD resource allocation) are provided via an ‘activation DCI’ for Type-2 CG, and via RRC signaling for Type-1 CG. In case of Type-2 CG, the resource allocation parameters apply for each of the subsequent periodic UL PUSCH transmissions following the ‘activation DCI’. The radio parameters can be adjusted by the gNB at any time by re-issuing a new DCI (a.k.a. ‘reactivation DCI’).
With SBFD, there is the problem of i) different resource availability in UL-only vs. SBFD slots, as well as ii) potentially different SINR conditions in UL-only vs. SBFD slots due to the presence of new SBFD interference types, e.g. self-interference and inter-subband interference. To address this problem, SBFD-specific CG-PUSCH configurations can be used where, for each CG occasion, one or another set of radio parameters (FD resource allocation, TD resource allocation, MCS, etc.) is used depending on the corresponding slot format (e.g. UL-only or SBFD). This is also captured in TR 38.858 as “it may be beneficial to have separate resources, FH parameters, UL power control parameters and/or beam/spatial relation” for PUCCH and PUSCH on SBFD symbols and non-SBFD symbols.
[bookmark: _Toc158985084][bookmark: _Toc158986224][bookmark: _Toc159180986][bookmark: _Toc159181176][bookmark: _Toc159181410][bookmark: _Toc159228446]Introduce separate configurations for CG-PUSCH on SBFD symbols and non-SBFD symbols.

PUCCH
With extra UL resources in UL subband of SBFD slots, more repetitions can be applied for PUCCH for improving coverage or more PUCCH occasions would be available for latency reduction. However, advantages of SBFD come not only from UL transmissions (otherwise gNB could have simply configured more full UL slots for the UE), but also from DL receptions in the DL subbands. In this regard, allowing any PUCCH resource to be available in SBFD slots would lead to a blockage of DL transmissions in these slots. This is highly relevant when multiple PUCCH with repetitions are transmitted on SBFD slots. Indeed, let’s consider a scenario of PUCCH repetitions across SBFD slots for a long format PUCCH. Given that long PUCCH formats (formats 1, 3 and 4) can occupy from 4 to 14 symbols in a slot, the repetitions of a long format across SBFD slots would block all potential DL transmissions in these slots. This applies at least for the PUCCHs that conveys HARQ-ACK and/or A-CSI which can be classified as ‘dynamic’ UL transmissions. In addition, it is likely that semi-static UL transmissions should also be prioritized over semi-static DL transmissions, given that the SBFD slots is introduced intentionally for having more UL resources for improving UL coverage.
[bookmark: _Toc158986225][bookmark: _Toc158985085][bookmark: _Toc159180987][bookmark: _Toc159181177][bookmark: _Toc159181411][bookmark: _Toc159228447]Allowing any PUCCH resource with any format (e.g., long PUCCH formats) to be repeated or transmitted in SBFD slots would lead to a blockage of DL transmissions in these slots.
Therefore, RAN1 should limit the PUCCH resource(s) or format(s) that can be considered as available in SBFD slots. For PUCCH repetitions, the limitation could be that SBFD slots are available only for the repetitions of a few (short) PUCCH formats.
[bookmark: _Toc158986226][bookmark: _Toc158985086][bookmark: _Toc159180988][bookmark: _Toc159181178][bookmark: _Toc159181412][bookmark: _Toc159228448]To avoid blocking the potential DL transmissions in SBFD slots, RAN1 should limit the PUCCH resource(s) or format(s) that can be considered as available in SBFD slots, at least for PUCCH with repetitions.
For transmissions of short PUCCH formats with repetitions, RAN1 should allow increasing the number of repetitions () for the PUCCH resources that overlap with UL subband. In the current specification,  can be configured for each PUCCH resource using pucch-RepetitionNrofSlots-r17 parameter and/or configured for each PUCCH format using nrofSlots parameter. If both parameters are configured, the former will overwrite the latter if the PUCCH resource is indicated by a DCI (meaning that if the PUCCH resource is for HARQ-ACK). Otherwise, the latter is applied. It is worth noting that, the nrofSlots parameter is configured in PUCCH-FormatConfig, which is a common configuration for all PUCCH formats. Therefore, it can be observed that:
· For PUCCH repetitions with PUCCH resource indicated by a DCI, gNB can configure a higher  (via pucch-RepetitionNrofSlots-r17) for the PUCCH resources overlapping with UL subband. Thus, gNB can indicates these resources for UE using DCI.
· For PUCCH repetitions with a PUCCH resource semi-statically configured by gNB (e.g., SR or CSI), whose follows nrofSlots commonly configured for all formats, there is no existing approach for gNB to increase  for the PUCCH resource.
[bookmark: _Toc158986227][bookmark: _Toc158985087][bookmark: _Toc159180989][bookmark: _Toc159181179][bookmark: _Toc159181413][bookmark: _Toc159228449]For PUCCH repetitions with a PUCCH resource semi-statically configured by gNB (e.g., SR or CSI), the number of repetitionsfollows nrofSlots parameter, which is commonly configured for all formats. There is no existing approach for increasing the number of repetitions if the PUCCH resource overlaps with UL subband.
From the above analysis, RAN1 should discuss an approach for increasing the number of repetitions if the PUCCH resource overlaps with UL subband. For example, gNB can configure another parameter for number of repetitions in PUCCH format (e.g., nrofSlots-r19), which is used if the associated resource overlaps with UL subband.
[bookmark: _Toc158986228][bookmark: _Toc158985088][bookmark: _Toc159180990][bookmark: _Toc159181180][bookmark: _Toc159181414][bookmark: _Toc159228450]For PUCCH repetitions with a PUCCH resource semi-statically configured by gNB (e.g., SR or CSI), the number of repetitions can be different if the PUCCH resource overlaps with UL subband.

Configuration for scheduling of PUCCH/PUSCH 
Though SBFD-aware UE is supporting SBFD operation, the UE is still constrained to half-duplex operation. For DL operation, PDDCH monitoring is one of key operations, however, the PDCCH monitoring is limited when UE is transmitting PUSCH in SBFD UL subband. 
SBFD has two main use cases: one is for UL coverage enhancement and the other is low-latency support. If a NR cell is deployed in downtown, the UL coverage may not be the main use case for SBFD. Instead, DL/UL latency can be the main use case. Also, if a UE is in the cell center area with downlink low-latency traffic, PUSCH transmission in SBFD is not very useful. Also, some UEs can be software upgradable for some of SBFD aware-UE operation, but it may not support full SBFD capability.  
To support different UE capability, NW deployment, UE application scenarios, it is beneficial to configure the UE to perform a limited SBFD operation, e.g. following of the three operational modes described below:
	UE operation modes
	Description
	Useful Scenario

	Mode 1
	UE is aware of SBFD subband configuration and signaling, but it doesn’t support SBFD UL transmission.
	Legacy UE upgraded by SW.
Operate in SBFD configured gNB. 

	Mode 2
	UE supports PUCCH transmission in SBFD UL, no SBFD UL PUSCH transmission. UE monitor PDCCH and transmit PUCCH in the same slot. 
	Low latency DL application

	Mode 3
	UE supports both PDCCH and PUSCH in SBFD UL. 
	Advanced UE, both coverage and UL/DL low latency application. 


In mode 1, UE is not expected to be scheduled with UL data and control in SBFD symbol. But, signaling and configuration are the same as SBFD-aware UE. 
In mode 2, the UE is not expected to be scheduled with UL data in SBFD symbol. So, very simple UL PUCCH transmission is supported for HARQ ACK/NACK transmission. It is basically supporting PDCCH monitoring in all search spaces. There is only one switching of data processing between DL/UL in guard period. 
In mode 3, the UE supports all SBFD operations.  
[bookmark: _Toc158986229][bookmark: _Toc158985089][bookmark: _Toc159180991][bookmark: _Toc159181181][bookmark: _Toc159181415][bookmark: _Toc159228451]According to UE capabilities, NW deployments and applications, required UE operation may be different and support of different UE operation modes can optimize UE complexity. 
[bookmark: _Toc158986230][bookmark: _Toc158985090][bookmark: _Toc159180992][bookmark: _Toc159181182][bookmark: _Toc159181416][bookmark: _Toc159228452]Support gNB to configure different SBFD UE operational modes to reduce unnecessary UE operations. 	
[bookmark: OLE_LINK5][bookmark: _Hlk118714984]UL-DL collision handling
This section focuses on transmission and reception behaviors for SBFD-aware UEs as per the following objectives:
	· Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2] 
· Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only
· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands
Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols
· Enhancement on resource allocation in frequency domain in SBFD symbols, including
· resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols
· handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG
· Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, including
· resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
· CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots
· Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol



The fact that the gNB has full-duplex capabilities (i.e. can transmit and receive at the same time), while the UE remains half-duplex, introduces new challenges in terms of UL-DL colision handling at the UE-side, as compared to existing UE operation in legacy TDD bands. This topic was discussed in the Rel-18 SI phase, but no agreements were reached on which specific collision cases need to be further analysed or studied.
For unpaired TDD spectrum, existing NR specifications already provide a basic set of rules that specify the UE behaviour in terms of UL or DL prioritization. These rules are especially designed for dynamic or flexible TDD operation where some OFDM symbols are assumed as flexible by the higher layers, and can be more dynamically switched between UL and DL at the lower layers. Those rules are primarily defined in TS 38.213 and generally differentiate between a dynamically scheduled signal (e.g. UL or DL transmission triggered by a downlink control information (DCI) reception) and semi-static or higher-layer configured signal (UL or DL transmission not triggered by DCI, e.g. PRACH, SRS or periodic configured-grant PUSCH). Table 1 lists different relevant UL-DL collision cases with corresponding handling as per current Rel-18 specifications, as well as potential areas for improvement that should be considered for SBFD-capable cells using Rel-19 specifications.

Table 1: UL-DL collision cases
	Collision case
	Current (Rel-18) handling
	Potential SBFD-specific challenges or areas for improvement

	1. Semi-static DL vs Semi-static UL
	Defined as an error-case (i.e. to be prevented by gNB configuration) for symbols configured as flexible.
Reasonable assumption for legacy TDD operation with flexible symbols as the gNB is half-duplex, so it cannot transmit and receive at the same time.
	Considering SBFD gNB is now full-duplex, some overlapping cases could be allowed in SBFD-symbols. This makes the configuration of semi-static PDCCH, PUCCH, PUSCH and other signals less cumbersome for the gNB.
For example, semi-static UL transmissions could be prioritized over semi-static DL transmissions, given that the SBFD slots are introduced primarily for improving UL coverage 

	2. Dynamic DL vs semi-static UL
	UE prioritizes the scheduled DL reception, with the condition that the PDCCH scheduling the DL receptions occurs at least before the semi-static UL transmission.  is defined in TS 38.214 as 12 + 1 OFDM symbols for 30 kHz subcarrier spacing, 
	DL cross-slot scheduling (i.e. with k0>0) is required in current specs to overwrite UL transmission, which is generally not used or supported in current gNBs. 
Frequent semi-static UL transmissions would limit/constrain gNB DL scheduling flexibility.

	3. Dynamic UL vs semi-static DL
	Dynamic UL transmission is prioritized, e.g. PDCCH would not be monitored in slots where there are scheduled overlapping UL transmissions
	It is reasonable to have similar handling in SBFD Rel-19 cell as well. In case of dynamic UL transmission with repetition, it can be considered whether UL transmission on some SBFD slots may be skipped, to prioritize DL PDCCH/PDSCH reception.

	4. Dynamic UL vs dynamic DL
	Defined as an error-case (i.e. to be prevented by gNB scheduling). Reasonable assumption since the UE is half-duplex.
	Legacy behaviour can be kept for SBFD-aware UEs since scheduler is anyway under gNB control.

	5. Dynamic UL vs. SSB reception
	TS 38.213: for a set of symbols of a slot corresponding to SSB indices indicated in ssb-PositionsInBurst, the UE is not expected to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the slot as uplink.
TS 38.133 furthermore describes different conditions under which scheduling restrictions are applicable.
	SSBs are measured by UEs in IDLE and CONNECTED mode. The gNB is not aware of all UEs that could suffer from UE-to-UE interference during SSB measurement due to potential UL transmissions in these symbols. On the other hand, SSBs are transmitted with quite high periodicity and not allowing UL transmissions could degrade the performance of SBFD.



Based on the challenges and areas for improvement listed in Table 1, we propose to handle the following collision cases in the work item: 
[bookmark: _Toc156570095][bookmark: _Toc156570272][bookmark: _Toc156570301][bookmark: _Toc158371589][bookmark: _Toc158985091][bookmark: _Toc158986231][bookmark: _Toc159180993][bookmark: _Toc159181183][bookmark: _Toc159181417][bookmark: _Toc159228453]For SBFD aware UE’s, specify new collision handling rules between DL receptions and UL transmissions. RAN1 to discuss at least the following cases: 
· [bookmark: _Toc158985092][bookmark: _Toc159180994][bookmark: _Toc159181184][bookmark: _Toc159181418][bookmark: _Toc159228454][bookmark: _Toc156570096][bookmark: _Toc156570273][bookmark: _Toc156570302][bookmark: _Toc158371590][bookmark: _Toc158986232]Semi-static UL vs. semi-static DL 
· [bookmark: _Toc156570097][bookmark: _Toc156570274][bookmark: _Toc156570303][bookmark: _Toc158371591][bookmark: _Toc158985093][bookmark: _Toc158986233][bookmark: _Toc159180995][bookmark: _Toc159181185][bookmark: _Toc159181419][bookmark: _Toc159228455]Dynamic DL vs semi-static UL
· [bookmark: _Toc156570098][bookmark: _Toc156570275][bookmark: _Toc156570304][bookmark: _Toc158371592][bookmark: _Toc158985094][bookmark: _Toc158986234][bookmark: _Toc159180996][bookmark: _Toc159181186][bookmark: _Toc159181420][bookmark: _Toc159228456]Dynamic UL vs. semi-static DL
· [bookmark: _Toc156570099][bookmark: _Toc156570276][bookmark: _Toc156570305][bookmark: _Toc158371593][bookmark: _Toc158985095][bookmark: _Toc158986235][bookmark: _Toc159180997][bookmark: _Toc159181187][bookmark: _Toc159181421][bookmark: _Toc159228457]Dynamic UL transmission vs. SSB reception

UL-DL collision can be avoided by scheduling restrictions. PDCCH monitoring is one of key problems for SBFD PUSCH operation. To support both PDCCH monitoring and SBFD UL transmission in a slot, only a limited number of UL resources can be available for transmission. Also, UE’s DL/UL switching time makes the UL duration short.  
To avoid this problem, UE can be configured to be scheduled with restrictions as shown in the following options.  
· Option 1: UE only supports configured grant PUSCH in SBFD UL
· In this option, UE is already configured with a PUSCH resource, and UE will not monitor PDCCH in the scheduled SBFD UL symbols.
· UE is not expected to be scheduled with DG-PUSCH in SBFD symbols. 
· Option 2: UE only supports multi-PUSCH scheduling for SBFD UL.
· In this option, UE is configured to be scheduled with multi-PUSCH for PUSCH. The UL DCI can be sent in a specific time slot. Because UE has full information of PUSCH scheduling in a TDD period, UE can easily perform DL and UL operation in a TDD frame. 
· Option 3: UE is pre-configured with a DL/UL pattern for SBFD slots/symbols. 
· In this option, UE is configured with its own TDD frame pattern in SBFD slots. This pattern can be different per UEs. The prior knowledge may limit the flexible use of DL/UL for SBFD slots, but it may reduce the complexity in UE.  
In addition to the above options, further enhanced scheduling to reduce the PDCCH monitoring overhead due to multiple DL/UL occasions should be considered. 
[bookmark: _Toc158985096][bookmark: _Toc158986236][bookmark: _Toc159180998][bookmark: _Toc159181188][bookmark: _Toc159181422][bookmark: _Toc159228458]Study options for SBFD PUSCH scheduling restriction to avoid collision of PDCCH monitoring and SBFD PUSCH scheduling. 

Conclusion
In this contribution we have provided our views regarding the required signaling to support SBFD operation, as well as UE transmission, reception and measurement behaviors. The following proposals and observations have been made: 

Observation 1:	The location of the SBFD UL and DL subbands in time and frequency domain are cell-specific parameters.
Proposal 1:	The SBFD configuration in time and frequency domains is indicated in cell-common signaling.
Observation 2:	Signaling of the frequency and time location of the UL subband via RRC common configuration or SIB is beneficial due to the following reasons:
o	SBFD capability of the cell can be taken into account for cell (re-)selection purposes, e.g. for better coverage/cell-edge performance.
o	To allow initial access operation with SBFD for UEs in RRC_IDLE/INACTIVE (discussed in separate AI)
Proposal 2:	The SBFD configuration in time and frequency domain is available to SBFD aware UEs in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED.
Proposal 3:	The SBFD configuration in time and frequency domains is indicated via SIB as baseline.
Proposal 4:	Signaling of the SBFD time and frequency configuration via RRC dedicated signaling can be considered, additionally to signaling in SIB, to support dual connectivity or carrier aggregation with SBFD carriers.
Observation 3:	The granularity of the TDD UL/DL configuration in NR is one OFDM symbol.
Proposal 5:	A slot can consist of both SBFD and non-SBFD symbols. The granularity of the SBFD time domain configuration is an OFDM symbol and the periodicity is determined by the configured TDD patterns.
Observation 4:	Depending on the gNB architecture and antenna configuration, guard periods might or might not be needed during the transitions between SBFD and non-SBFD symbols. The number of transition points between SBFD and non-SBFD symbols should not be contrained at least from specification point of view.
Proposal 6:	For the SBFD time domain configuration, two or more transition points between SBFD and non-SBFD symbols within a TDD UL/DL pattern period can be configured.
Proposal 7:	Frequency locations of DL subband(s) and UL subband are explicitly configured. Guardband(s) if any correspond to the RBs which are not within UL subband or DL subband(s).
Observation 5:	Using the frequency allocated to the transmission of the SSB or CORESET0 as reference, and an offset for the configuration of the UL subband, can reduce the configurable range and number of bits used to indicate the UL subband to the UE.
Proposal 8:	Confirm the understanding from the TR, that for semi-static configuration of subband frequency locations for SBFD operation, frequency location of UL/DL subband is with reference to CRB grid. And further discuss whether the frequency location is indicate in terms a PRB index, or an offset to the SSB or CORESET0 frequency.
Proposal 9:	For semi-static configuration of subband location, confirm the understanding from the TR, that the same subband frequency resources are configured across different SBFD symbols.
Proposal 10:	The SBFD subbands frequency location should be signaled per carrier.
Observation 6:	CLI-RSSI measurements in the guardbands provide a better estimate of the UE-to-UE CLI than CLI-RSSI measurements in DL subbands, which also comprise gNB DL transmissions unless the gNB mutes itself during the RSSI measurement resources.
Proposal 11:	A SBFD aware UE does not transmit UL channels/signals or receive DL channels/signals on the guardband(s). CLI-RSSI measurements within guardbands are allowed.
Observation 7:	Several benefits of allowing a transmission to be mapped across SBFD and non-SBFD symbols in a slot could be observed, namely allowing full-slot scheduling in the slot and thus avoiding either scheduling restriction at the scheduler or specific handling rules at the UEs or offering better performance for data (or control bits, if any) thanks to interleaving the encoded bits across symbol types given that lower interference is expected in non-SBFD symbols.
Proposal 12:	For a slot covering both SBFD symbol and non-SBFD symbol, a transmission spanning across SBFD and non-SBFD symbols in a slot should be allowed.
Observation 8:	If a transmission is not allowed to be mapped across SBFD and non-SBFD symbols in a slot, some specification work may still be needed to specify expected UE behavior especially for semi-static PUSCH/PDSCH and PUSCH/PDSCH with repetitions and TBoMS: e.g. whether the mixed slot is not considered as available for the repetition, or only part of the resources is considered as available.
Observation 9:	Resource allocation type 0 supports scheduling PDSCH across two DL subbands by design. The only issue is when the boundaries between a DL subband and a RBG are unaligned. This issue is also applicable for PUSCH scheduled with RA type 0.
Proposal 13:	For PUSCH/PDSCH frequency domain resource allocation type 0, the part of the UL/DL RBG outside the UL/DL subband cannot be used for UL/DL transmissions.
Observation 10:	Different from RA type 0, for which the overlapping resources may be only in one RB or a few RBs of a RBG, the overlapping resource in RA type 1 for scheduling across DL subband is significantly higher than that. Therefore, for RA type 1, UE should not simply drop the overlapping part.
Proposal 14:	RAN1 to specify enhancements for resource allocation type 1 for scheduling PDSCH across DL subbands taking into consideration at least the following options:
	Option 1: In SBFD slots, the bundling of PRBs takes into account only the PRBs in DL subbands. These bundles are then continuously indexed. The legacy VRB-to-PRB mapping is used for both interleaved and non-interleaved mapping.
	Option 2: In SBFD slots, the legacy bundling and indexing of PRBs are kept, but interleaver for VRB-to-PRB mapping is modified such that contiguous VRBs are mapped to PRBs in DL subbands.
	Option 3: In SBFD slots, the legacy bundling and indexing of PRBs are kept, but VRB-to-PRB mapping rule is changed such that one VRB bundle is mapped to two PRB bundles to allow “mirror image” FDRA.
	Option 4: In SBFD slots, the legacy bundling and indexing of PRBs are kept, but the bundle indices are allowed to be wrapped-around to ensure that the allocated PRB bundle indices do not fall outside of the DL subbands.
Proposal 15:	CSI resources are configured over the entire bandwidth, with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband(s).
Observation 11:	Supporting more TRS symbol positions in FR1 may allow the SBFD aware UE both to monitor TRS and to transmit UL data in SBFD slots.
Observation 12:	For transmissions across SBFD and non-SBFD slots, it is beneficial to allow the part of the transmission in non-SBFD slots to have a higher number of RBs compared to the part of the transmission in SBFD slots.
Observation 13:	Given that the main motivation of introducing SBFD is for coverage enhancements (and/or latency reduction), it is worth paying more attention to the impacts of SBFD on coverage enhancement features, namely, PUSCH repetitions and TBoMS (with or without repetitions).
Proposal 16:	For transmissions across SBFD and non-SBFD slots, RAN1 to specify means for UE to apply a higher number of RBs for the part of the transmission in non-SBFD slots compared to the SBFD slots counterpart. The transmission can be PUSCH repetitions or TBoMS with or without repetitions.
Observation 14:	For achieving different frequency resources for different slot types, a scaling factor can be considered, since the ratio between the UL subband and the entire wide bandwidth is fixed (semi-statically configured).
Observation 15:	For achieving different frequency resources for different slot types, whether the scaling of indicated resource is up or down would depend on the slot type of the first repetition/transmission. The factor to be scaled can be different for different resource allocation types, e.g., RBG for type 0 and / for type 1.
Proposal 17:	For PUSCH repetitions and a single TBoMS spanning across different slot types, RAN1 to specify a scaling factor, which is used by SBFD-aware UEs for scaling the frequency resource indicated by DCI.
	The scaling can be up or down, depending on the slot type of the first repetition/transmission.
	Different scaling factors and approaches are specified for different resource allocation types.
Proposal 18:	For TBoMS with repetitions, RAN1 to specify an enhancement that allows:
	TBoMS to be applied across SBFD slots as one repetition with a smaller number of PRBs, and
	Single-slot PUSCH transmission is applied on each non-SBFD UL slot as another repetition with a higher number of PRBs.
Observation 16:	In case different numbers of PRBs are considered for different repetitions or different parts of a transmission, discussion on how to handle the related parameter () for UL power control should be carried out.
Proposal 19:	SBFD UE should have different PDCCH resources in SBFD and non-SBFD symbols/slots. Search space for same PDCCH format(s) should be corresponding to different frequency resources, i.e. CORESET, on different slot types.
Observation 17:	Some PDCCH candidates, e.g. with aggregation level 4/8/16, may be disrupted as they overlap with UL subband/guard band.
Observation 18:	Different number of PDCCH candidates are available in SBFD and non-SBFD slots.
Proposal 20:	Only the available/non-disrupted PDCCH candidates can be considered in PDCCH detection, in both SBFD and non-SBFD slots.
Observation 19:	Only one CSI feedback reported for the measurement in SBFD slots will degrade network performance and spectral efficiency, because CSI report is averaged or derived from measurements in the two DL subbands which may be subject to different CLI conditions.
Proposal 21:	Regardless of the SBFD slot is configured with continuous or non-contiguous CSI-RS resources, independent feedback can be provided for each of the DL subbands CSI subband (either as separate CSI reports, or in the same report).
Proposal 22:	Introduce separate configurations for CG-PUSCH on SBFD symbols and non-SBFD symbols.
Observation 20:	Allowing any PUCCH resource with any format (e.g., long PUCCH formats) to be repeated or transmitted in SBFD slots would lead to a blockage of DL transmissions in these slots.
Proposal 23:	To avoid blocking the potential DL transmissions in SBFD slots, RAN1 should limit the PUCCH resource(s) or format(s) that can be considered as available in SBFD slots, at least for PUCCH with repetitions.
Observation 21:	For PUCCH repetitions with a PUCCH resource semi-statically configured by gNB (e.g., SR or CSI), the number of repetitionsfollows nrofSlots parameter, which is commonly configured for all formats. There is no existing approach for increasing the number of repetitions if the PUCCH resource overlaps with UL subband.
Proposal 24:	For PUCCH repetitions with a PUCCH resource semi-statically configured by gNB (e.g., SR or CSI), the number of repetitions can be different if the PUCCH resource overlaps with UL subband.
Observation 22:	According to UE capabilities, NW deployments and applications, required UE operation may be different and support of different UE operation modes can optimize UE complexity.
Proposal 25:	Support gNB to configure different SBFD UE operational modes to reduce unnecessary UE operations.
Proposal 26:	For SBFD aware UE’s, specify new collision handling rules between DL receptions and UL transmissions. RAN1 to discuss at least the following cases:
	Semi-static UL vs. semi-static DL
	Dynamic DL vs semi-static UL
	Dynamic UL vs. semi-static DL
	Dynamic UL transmission vs. SSB reception
Proposal 27:	Study options for SBFD PUSCH scheduling restriction to avoid collision of PDCCH monitoring and SBFD PUSCH scheduling.
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