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[bookmark: _Toc120549591]Introduction
In last RAN1 meeting, some agreements for SBFD were made [1] with lots of options for further study. In this contribution, the possible solutions, interference handling of SBFD will be discussed.
Interference handling
Inter-UE inter-subband CLI measurement
In last RAN1#112 meeting, the following agreement was achieved for further study inter-UE inter-subband CLI handling. 
	Agreement
For inter-UE inter-subband CLI measurement, study at least the following methods:
· Method#1: victim UE measures RSSI within DL subband
· FFS: Whether SINR can be measured
· Method#2: victim UE measures RSRP of aggressor UE within UL subband
· Method#3: victim UE measures RSSI within UL subband 
· Note: the restriction in Rel-16 that CLI is only measured within DL BWP does not forbid UE to measure CLI in UL subband when UL subband is confined within DL BWP.


Method#1
One issue needs discussion is the measurement metric, we think SINR can also be measured for Method#1 except for RSSI. The most advantage of SINR measurement is it can reflect the channel state information within DL subband more directly compared with RSSI and gNB can use the reported SINR to adjust the MCS for PDSCH scheduling.
Regarding how to measure the SINR, the traditional CSI measurement and report framework can be reused. The only difference from traditional SINR measurement is that the received interference on IMR is not only includes inter-cell interference but also the inter-subband inter-UE CLI. However, whether the measured interference on IMR includes inter-UE CLI or not is transparent to UE, that is UE measures SINR as usual. For gNB, it has the information about whether there are other intra-cell or inter-cell UEs transmitting at the same time when victim measures the IMR. gNB can take it into account along with the reported SINR for coordinated scheduling among UEs to reduce inter-UE CLI.  
Proposal 1: For inter-UE inter-subband CLI measurement Method#1, SINR can also be measured.
In Rel-16 inter-UE CLI measurement, only wideband CLI measurement is reported. Considering the non-contiguous frequency of DL subband, e.g., {DUD} SBFD subband configuration, for inter-UE inter-subband CLI measurement method#1, victim UE measures the leakage from the aggressor UE’s UL transmission. Considering the inter-subband CLI is not frequency flat, if UE can only report one measurement result across the whole DL subband, it will not reflect the detailed CLI on different RBs, thus subband based CLI measurement and report can be considered for SBFD and both uniform and non-uniform CLI subband configuration can be further considered.
Proposal 2: Both uniform and non-uniform CLI subband configuration can be supported to enable inter-UE inter-subband CLI measurement Method#1.
Method#2&#3
In method#2 and #3, victim UE needs to measure the interference signal strength in its UL subband not DL subband due to aggressor UE can only transmit CLI-SRS in UL subband. Victim UE can derive the inter-subband CLI based on the measurement result of CLI-SRS RSRP/RSSI and report it to the network as well as the CLI-SRS/RSSI resource index to help gNB identify the strongest aggressor UE. 
This option may need UE to receive in DL subband and measure CLI in UL subband simultaneously to avoid the performance degradation. Some companies argued this functionality has been supported in Rel-16 inter-UE CLI measurement, but the Rel-16 inter-UE CLI measurement can only be performed in UE’s active DL BWP. Considering we are also discussing the frequency location indication of UL/DL subband and the relationship with UL/DL BWP, if the DL BWP contains the UL subband frequency region and if inter-UE CLI measurement outside DL subband is allowed, this function can be supported by Rel-16 inter-UE CLI measurement.
[bookmark: _Hlk110333258]Furthermore, to enable inter-gNB coordination, the serving gNB for victim UE should be able to estimate the interference intensity of inter-UE inter-subband CLI from the reported CLI-SRS RSRP/RSSI. The inter-UE inter-subband CLI modelling as well as the blocker model at UE side under discussing in AI 9.3.1 can be considered as starting point.
Proposal 3: For inter-UE inter-subband CLI measurement Method#2 and #3, how to estimate the interference intensity of inter-UE inter-subband CLI from CLI-SRS RSRP/RSSI can be further studied. 
· The inter-UE inter-subband CLI modelling as well as the blocker model at UE side under discussing in AI 9.3.1 can be considered as starting point.
[bookmark: _Hlk127369779]Inter-gNB inter-subband CLI measurement
Inter-gNB inter-subband CLI measurement method
The inter-gNB inter-subband CLI is caused by the leakage from the adjacent DL subband of aggressor gNB and similar CLI measurement methods as inter-UE inter-subband CLI measurement can be used:
· Method#1: victim gNB measures leakage interference strength from aggressor gNB within UL subband, e.g., RSSI
· Method#2: victim gNB measures RSRP of aggressor gNB within DL subband 
Figure 1 is an illustration of inter-gNB inter-subband CLI measurement method#1, in which victim gNB measures the interference leakage within its UL subband. The measurement results of this method can directly reflect the intensity of inter-subband CLI. However, the strongest aggressor gNB cannot be identified in this method, since victim gNB can only measure the strength of interference leakage. Thus, inter-gNB coordination is also needed in this method to assist victim gNB to identify aggressor gNB.
[image: ]
[bookmark: _Ref127092125]Figure 1. Inter-gNB inter-subband CLI measurement method#1
Figure 2 is an illustration of inter-gNB inter-subband CLI measurement method#2, in which victim gNB measures the RSRP of aggressor gNB’s RS within its DL subband. In this measurement method, the interference RS can be existing DL RS, e.g., CSI-RS or SSB, and victim gNB can identify the aggressor gNB based on accurate RS measurement without complicated inter-gNB coordination. But the measurement results cannot reflect the inter-subband CLI and the transition between intra-subband CLI and inter-subband CLI is needed based on gNB’s implementation. In addition, victim gNB needs to turn off its Tx chains when measuring the aggressor gNB’s RS within its DL subband to avoid the self-interference and this will cause the interruption of DL transmission.
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[bookmark: _Ref127093103]Figure 2. Inter-gNB inter-subband CLI measurement method#1
In a summary, both two inter-gNB inter-subband CLI measurement methods have pros and cons and can be considered in further study.
Proposal 4: For inter-gNB inter-subband CLI measurement, the following two methods can be further studied:
· Method#1: victim gNB measures leakage interference strength from aggressor gNB within UL subband, e.g., RSSI;
· Method#2: victim gNB measures RSRP of aggressor gNB within DL subband.
Aggressor gNB identification
Regarding Method#1 in section 2.2.1, since victim gNB can only measure the interference strength but not the RSRP in UL subband, how to identify the strongest aggressor gNB needs further consideration. One solution is to coordinate the transmission of different aggressor gNB in orthogonal resources/occasions. For example, OAM can coordinate the aggressor gNBs to transmit RS (or arbitrary signal) within DL subband in orthogonal resources/occasions, that is for a given resource/occasion, only one gNB can transmit within DL subband and other gNBs measure the interference within UL subband. After the polling of all gNBs’ transmission, the strongest aggressor gNB can be identified with the highest interference strength measurement result.
Figure 3(A) illustrates an example of aggressor gNB identification based on inter-gNB coordination in time-domain, where three gNBs are respectively labeled as gNB1, gNB2, and gNB3, the blue parts mean the DL transmission and the red parts means CLI measurement. Only one gNB transmits RS (or arbitrary signal) within the DL subband at a given time while the other gNBs should be muted on the corresponding resource and measure the inter-gNB inter-subband CLI within the UL subband simultaneously. Through the above inter-gNB coordination transmission, one gNB can measure interference only from a single gNB once a time and the strongest aggressor gNB can be identified by the measurement results.
[image: ]
(A) coordination in time-domain
[image: ]
(B) coordination in frequency-domain
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(C) coordination in spatial-domain
Figure 3. Illustration of aggressor gNB identification based on inter-gNB coordination
Furthermore, the coordination of gNB transmission can also be in and frequency-domain and spatial-domain as the illustration in Figure 3(B) and Figure 3(C), e.g., one aggressor gNB can transmit DL on different RBs or beams in different time. In this way, the interference from one aggressor gNB on different frequency resources or beams can be measured and further inter-gNB scheduling coordination in time-domain, frequency-domain, spatial-domain can be enabled.
Proposal 5: Inter-gNB transmission coordination in orthogonal time-domain, frequency-domain or spatial-domain resources can be supported to identify the strongest aggressor gNB in inter-gNB inter-subband CLI measurement Method#1.
Subband time-frequency location indication
In this section, some general aspects of SFBD will be discussed, including potential SBFD subband configurations, methods to enable Rel-18 SBFD operation and support the coexistence between SBFD aware UE and non-SBFD aware UE in the same SBFD network.
[bookmark: _Hlk114145664]Frequency location indication
In this section, detailed frequency location of subbands indication will be discussed based on the RB-set based SBFD operation scheme as well as the relationship with DL/UL BWP.
It was agreed that the explicit indication of frequency location of UL subband is required which with reference to CRB grid. But from one SBFD aware UE’s perspective, it should always work within its active DL/UL BWP, even the DL/UL BWP’s frequency resource range will not always equal to the UL/DL subband.
Regarding the DL/UL transmission in SBFD slot/symbol, as the illustration in Figure 4, the available UL frequency resources in SBFD symbols is the intersection set of UL BWP and UL SBFD subband, i.e., available UL frequency resources in SBFD symbols = UL BWP  UL SBFD subband, and the available DL frequency resources in SBFD symbols is the difference set between DL BWP and UL SBFD subband, i.e., available DL frequency resources in SBFD symbols = DL BWP  UL SBFD subband
Therefore, UL BWP switching is not needed for UE to switch between SBFD slots and fixed UL slots. Besides, additional PUCCH/SRS/power control parameters configurations can be configured for the SBFD frequency region to increase the flexibility of the configuration/usage for PUCCH/SRS/power control, e.g., separate PUCCH resource sets can be configured for the SBFD frequency region in SBFD symbols and the whole UL BWP in fixed UL slots. 
Similarly, DL BWP switching is also not needed for UE to switch between SBFD slots and fixed DL slots. As shown in Figure 4, the UL subband can be treated as common rate-matching pattern or unavailable resource location information for DL channels/signals. Furthermore, there seems no need to explicitly configure/indicate the DL subband to SBFD aware UE. The only thing needed is how to indicate UE to avoid the UL subband region in DL reception and the detailed design for DL resource allocation enhancement will be discussed in section 4.1. 



Case 1: {DUD} SBFD subband configuration

 
Case 2: {DU} SBFD subband configuration
[bookmark: _Ref127111710]Figure 4. Available frequency resources determining in SBFD symbol/slot
In a summary, the above UL/DL subband definition method is used to restrict the UL/DL behaviour within UE’s active UL/DL BWP without defining additional UL/DL BWP to avoid the BWP switching delay and applied to both {DUD} and {DU} SBFD subband configurations. In addition, this method can also avoid to define UL/DL BWP pair with unaligned centre frequency in {DU} SBFD subband configuration case.
Proposal 6: For SBFD aware UE’s UL transmission, the available UL frequency resources in SBFD symbols is the intersection set of UL BWP and UL SBFD subband, i.e., available UL frequency resources in SBFD symbols = UL BWP  UL SBFD subband.
Proposal 7: For SBFD aware UE’s DL reception, the available DL frequency resources in SBFD symbols is the difference set between DL BWP and UL SBFD subband, i.e., available DL frequency resources in SBFD symbols = DL BWP  UL SBFD subband.
Proposal 8: For SBFD aware UE’s DL reception, the UL subband is defined as DL resource allocation enhancement information or a common rate matching pattern for all DL signals/channels within UE’s active DL BWP in SBFD slots/symbols without the explicit DL subband frequency location indication.
Time location indication
In this section, detailed time location of subbands indication will be discussed based on the RB-set based SBFD operation scheme. For semi-static configuration of subband time locations for SBFD operation, it is agreed that explicit configuration of SBFD subband time locations within a period is the baseline, and there are three remaining issues needs to be further studied.
Time location configuration granularity
	Agreement
Study whether or not a slot can consist of both SBFD and non-SBFD symbols including
· Benefits
· Use cases
· Scheduling flexibility
· Implementation complexity 
· Compatibility with legacy TDD DL/UL configuration


In last RAN1 meeting, the issue about whether a slot consist of both SBFD and non-SBFD symbols are raised for further analysis. From our point of view, it is too restricted that a slot only consists one of the SBFD and non-SBFD symbols. One use case of consisting both SBFD and non-SBFD symbols in one slot is to enable SBFD operation in slots with SSB. As the discussion in section 3.3.1, we think it is preferred not allow the SBFD symbols overlap with the symbols that are indicated for reception of SSB to avoid the inter-UE CLI impact on SSB measurement. One simple solution is not configuring UL subbands in the whole slot which consists SSB, but this will decrease the available resource for SBFD operation. Therefore, a finer subband time location configuration granularity can be introduced, e.g., per symbol configuration. For the slot consists SSB, the symbols overlap with SSB will not be configured with UL subband, but other symbols in the slot can be configured with UL subband.
In addition, whether this per-symbol subband time location configuration granularity will reduce the system capacity or not is up to gNB’s antenna configuration implementation. For example, gNB doesn’t need to change the connection between Tx/Rx chain and panel groups between DL/UL and SBFD symbols if the SBFD antenna configuration Option-2 (Method 2-1) and SBFD antenna configuration Option-3 (Method 3-1) are implemented, which will not introduce the DL/UL/SBFD switching time.
Last but not least, the specification should maintain such subband configuration flexibility and which subband time location pattern is configured is totally up to gNB’s implementation. 
Proposal 9: A slot can consist of both SBFD and non-SBFD symbols, at least for the slot consist of SSB.
[bookmark: _Hlk126916940]Dynamic indication of time location of UL subband
	Agreement
For dynamic SBFD,
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) are allowed or not in a symbol configured as DL in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband are allowed or not in the symbol configured as flexible in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· UL transmissions outside the semi-statically configured UL subbands are not allowed
· Option 3: DL receptions outside semi-statically configured DL subband(s) are allowed
· UL transmissions outside the semi-statically configured UL subbands are allowed
Dynamic SBFD should be compared with dynamic TDD and/or semi-static SBFD in terms of performance, implementation complexity, switching latency.
For each option, additional conditions may apply to determine whether the option is applicable.


In last meeting, whether to support dynamic SBFD was discussed. From our point of view, it is benefit to introduce the dynamic indication of UL subband time location considering the ratios of UL and DL traffic are not consistent in realistic network and the semi-static UL subband time location indication restricts the same resource configuration ration between UL and DL which will causes the un-efficient utilization of resource. 
Explicit enable/disable part of UL subband time location on top of semi-static configuration via group-common DCI can be used to realize the dynamic SBFD: 
· For a symbol overlapped with an enabled part of UL subband in time-domain, it is called as enabled SBFD symbol. From UE’s perspective, the DL reception is within the DL subband and UL transmission is within the UL subband in SBFD symbol. 
· For a symbol overlapped with a disabled part of UL subband in time-domain, it fallbacks to a normal DL/flexible symbol as indicated by cell-specific TDD UL/DL configuration. From UE’s perspective, the DL receptions outside semi-statically configured DL subband(s) are allowed if the symbol is configured as DL in TDD-UL-DL-ConfigCommon as legacy. For flexible symbol in TDD-UL-DL-ConfigCommon, either DL reception or UL transmission in the whole DL/UL BWP are allowed as legacy flexible behaviour.


[bookmark: _Ref127106189]Figure 5. Indication of enable/disable of part of UL subband time location on top of semi-static configuration
Proposal 10: For SBFD-aware UEs, in a symbol configured as DL in TDD-UL-DL-ConfigCommon, support Option 2: 
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed.
Proposal 11: For SBFD-aware UEs, in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, support Option 3: 
· Option 3: DL receptions outside semi-statically configured DL subband(s) are allowed; UL transmissions outside the semi-statically configured UL subbands are allowed.
Proposal 12: Indication for enable/disable of part of UL subband time location via group-common DCI can be supported.
Proposal 13: For SBFD-aware UEs, 
· when in a symbol overlapped with an enabled part of UL subband in time-domain, the DL reception is within the DL subband and UL transmission is within the UL subband;
· when in a symbol overlapped with a disabled part of UL subband in time-domain, fallback to a normal DL/flexible symbol as indicated by TDD-UL-DL-ConfigCommon as legacy behaviour.
[bookmark: _Hlk126848758]DL/UL direction indication in SBFD symbol
Another issue is the UL/DL direction indication of SBFD symbol/slot. The UL/DL direction of a given SBFD symbol/slot is not clear from UE behaviour’s perspective if gNB only configure the time location of UL subband, because both DL reception and UL transmission are allowed on SBFD symbol/slot. Therefore, a further step explicit/implicit signalling to indicate whether UE receives DL or transmits UL for a given SBFD symbol/slot is needed.
As illustrated in Figure 6, from UE’s perspective, the UL/DL direction in symbols/slots overlapped with (enabled) SBFD subband in time-domain can follow the following two steps:
· [bookmark: _Hlk114669278]Step 1 (semi-static/dynamic UL subband time location indication): The semi-static/dynamic UL subband time location indication signalling is used to configure the UL subband time location (SBFD symbol time location). This signalling can be cell-specific and the periodicity can be the same as the TDD periodicity configured in cell-specific TDD UL/DL configuration. This signalling can “override” the legacy UL/DL direction determining rule related to cell-specific TDD UL/DL configuration. For example, for a given SBFD symbol which is indicated as DL by cell-specific TDD UL/DL configuration, SBFD aware UE can determine it UL or DL based on the other indications as discussed in Step 2. 
· [bookmark: _Hlk131779803]Step 2 (UL/DL direction indication): For a given SBFD symbol, some legacy signalling e.g., SFI, scheduling DCI or new signalling, e.g., new DCI format can be reused to indicate the UL or DL direction. This function is similar to traditional TDD config dedicated RRC signalling/SFI/ scheduling DCI to override the flexible slots/symbols in while the only change is to use the UL/DL direction indication to override SBFD slots/symbols.

 
[bookmark: _Ref127106483]Figure 6. UL/DL direction determining in SBFD symbol/slot
Proposal 14: The semi-static SBFD subband time locations indication is indicated within a period equals to the TDD periodicity configured in TDD-UL-DL-ConfigCommon.
Proposal 15: For SBFD-aware UEs, the DL or UL link direction in a SBFD symbol can be explicitly or implicitly indicated, e.g., using scheduling DCI, SFI or define a new DCI.
UE collision handling between UL and DL
SFBD operation in SSB symbols
In the current spec for operation in licensed spectrum, the time domain positions of the transmitted SS/PBCH blocks is indicated via system information, and UE does not perform UL transmission if the UL transmission is overlapped with SS/PBCH blocks in time-domain. For SBFD operation, it was agreed that study whether SBFD operation in SSB symbols is supported or not in last RAN1 meeting. If it is allowed to operate SBFD in SSB symbols, the inter-UE inter-subband CLI may impact the SSB measurement of IDLE/INACTIVE UEs, which cannot be controlled by network since network does not know which UE will perform SSB measurement on these symbols. From this point of view, it is safer to not allow the SBFD symbols overlap with the symbols that are indicated for reception of SS/PBCH blocks.
Proposal 16: It is preferred to not allow the SBFD symbols overlap with the symbols that are indicated for reception of SS/PBCH blocks.
SBFD operation in PRACH symbols
Similar to the UL transmission restriction in SSB symbols, there is also DL reception restriction in PRACH symbols, but if the RO is only configured in fixed UL slots in cell-specific TDD DL/UL configuration, it doesn’t have such collision. Therefore, the collision of DL reception in PRACH symbols only exists when RO is configured in SBFD symbols as in Figure 7. 


[bookmark: _Ref127119148]Figure 7. Time-domain overlapping between RO and DL reception
[bookmark: _Hlk110267131]Companies provided some motivations to configure RO in UL subband in SBFD symbols including reducing the latency of random access, improving PRACH coverage and offloading random access from fixed UL slots to SBFD slots, but these aspects still need more analysis and justification. If RO is allowed to be configured in SBFD symbols, when the aggressor UE transmits PRACH, the inter-UE inter-subband CLI will impact the DL reception of the victim UE. For contention-base RACH, due to the uncertainty of UE transmitting PRACH, it is hard or not possible for gNB to mitigate the inter-UE inter-subband CLI. But for contention-free RACH, the PRACH transmission is controlled by gNB and the inter-UE inter-subband CLI can be avoided and mitigated by gNB’s proper scheduling. Therefore, we think if ROs are allowed to be configured in UL subband in SBFD symbols, they can be used for contention-free RACH but not for contention-based RACH.
Proposal 17: ROs for contention-free RACH can be configured in UL subband in SBFD symbols. ROs for contention-based RACH cannot be configured in UL subband in SBFD symbols.
DL/UL collision in SBFD symbol
The following cases are discussed by companies for DL/UL collision:
1) Collision between dynamic UL transmissions and dynamic DL receptions
2) Collision between dynamic DL receptions and semi-statically configured UL transmissions 
3) Collision between dynamic UL transmissions and semi-statically configured DL receptions 
4) Collision between semi-statically configured UL transmissions and semi-statically configured DL receptions
For Type 1 collision, we think this is an error case and should be avoided by gNB. For Type 2/3 collision, the dynamic scheduling should be prioritized than semi-statically transmission/reception as legacy TDD frame structure design. 
Regarding the Type 4 collision, we also think this collision case may occur in SBFD operation. As the discussion in section 3.1, the step 1 signalling is used to indicate SBFD slots/symbols which can override the fixed DL slots/symbols in cell-specific TDD UL/DL configuration which has the similar function as “flexible” slots/symbols in Rel-15 NR design. Considering both UL subband and DL subband exist in the same SBFD symbol/slot, it should be allowed that some higher layer configured UL channel/signals and DL channel/signals can be configured in the same SBFD symbols as in Figure 8, e.g., the periodic CSI-RS and periodic SRS in the same SBFD symbols. From our view, at least the collision between periodic CSI-RS/CORESET and periodic SRS/CG PUSCH can be further studied in SBFD. In order to accurate the CSI more efficiently, different CSI-RS/SRS resource can be configured separately for SFBD symbol and fixed DL/UL symbols, thus the collision between periodic CSI-RS/CORESET between SRS should be studied. In addition, CG PUSCH resources can also be configured in SBFD symbol/slot to improve the UL transmission occasion. For SR PUCCH or periodic PUCCH for CSI feedback, it has small motivation to configure these PUCCH resources in SBFD symbols considering the resource reservation overhead and the periodicity of UE triggering SR or feedbacking CSI.
As the discussion in section 3.2.3, we propose explicit signalling to be used to indicate the DL or UL link direction for SBFD slots/symbols and this method can be used to solve most the collision issues between higher layer configured UL channel/signals and DL channel/signals as well. That is only the same UL or DL higher layer configured transmission/reception as indicated link direction of one SBFD symbol/slot are allowed.


Figure 8. Time-domain overlapping between higher layer configured UL transmission and DL reception
Proposal 18: UE is not expected to be dynamically scheduled UL transmissions and DL receptions in the same SBFD symbol.
Proposal 19: For the collision between dynamic DL receptions and semi-statically configured UL transmissions in the same SBFD symbol, UE receives the dynamical DL and drop the UL transmissions.
Proposal 20: For the collision between dynamic UL transmissions and semi-statically configured DL receptions in the same SBFD symbol, UE transmits the dynamical UL and drop the DL receptions.
Proposal 21: For the collision between semi-statically configured UL transmissions and semi-statically configured DL receptions in the same SBFD symbol, UE follows the explicit indication of the link direction of this SBFD symbol.
Resource allocation enhancement
Resource allocation due to unaligned boundaries
PDSCH
	Agreement
For SBFD-aware UEs, study the at least following options for resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands. For an RBG that overlaps the subband boundary,
· Option 1: 
· Part of the DL RBG inside the DL subband can be used
· Part of the UL RBG inside the UL subband can be used
· Option 2: 
· Part of the DL RBG inside the DL subband cannot be used
· Part of the UL RBG inside the UL subband cannot be used
FFS: The part of the RBG outside.
Agreement
For SBFD-aware UEs, study at least the following issues for PDSCH:
· PRG(s) with size of 2 and 4 that overlaps with subband boundary 
· Wideband precoder in case of non-contiguous DL subbands


In {DUD} subband frequency pattern, because of the non-continuous two DL subbands, the traditional PDSCH resource allocation and precoder granularity are not suitable and need some further enhancements.  
RA type 0
For RA type 0, there are unaligned boundaries between resource block group(s) and SBFD subbands which causes fractional RBGs of PDSCH. In order to utilize the resource more efficiently, we think the part of the DL RBG inside the DL subband should be used.
RA type 1
For continuous RA type 1, the staring RB and length is indicated in the DCI using RIV. However, this method can only schedule one PDSCH within only one DL subband which causes inefficient resource utilization as well as reduce system throughout.
Precoder granularity
This issue is similar to RA type 0, which one PRG may be located at the boundary of DL subband. In addition, how to define wideband precoder for non-contiguous DL subbands should also be considered. 
Although the issues for PDSCH resource allocation and precoder granularity are different, they have the same reason that two DL subbands’ PRB indexes are non-continuous according to current specification. Therefore, the straight forward way to solve all the above issues is defining a non-continuous PRB-to-CRB mapping as in Figure 9. In SBFD symbols, the PRB index of DL subbands is continuous but the corresponded CRB index is non-continuous which skips the UL subband and guard RB. Because all the resource allocation indication/configuration of DL signals/channels in current specifications are based on the continuous PRB index, this method is a common solution to simply realize the non-contiguous FDRA of PDSCH across DL subbands and also can utilize the fractional RBG/PRG without any other spec impacts on resource allocation enhancement.


[bookmark: _Ref127114326]Figure 9. Non-continuous PRB-to-CRB mapping of DL subbands 
Proposal 22: For an RBG that overlaps the subband boundary, part of the DL RBG inside the DL subband can be used.
[bookmark: _Hlk114667001]Proposal 23: Support non-continuous PRB-to-CRB mapping of DL subbands on SBFD slots to solve the PDSCH resource allocation and precoder granularity issues.
· The RBG/RIV/PRG definition/indication is based on the continuous PRB index across two DL subbands. 
PUSCH
Considering there is only one UL subband in SBFD symbols, the only issue for PUSCH is the partial RBG issue and the part PBG inside the UL subband should be used as well to utilize the resource efficiently. However, it is not necessary to define the non-continuous PRB-to-CRB mapping of DL subbands. The only enhancement is the partial RBG can also be indicated to be allocated in the FDRA field. 
Proposal 24: For an RBG that overlaps the subband boundary, part of the UL RBG inside the UL subband can be used.
Separate UL configuration
	Agreement:
Study at least the followings for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots:
· Whether/how to have separate resources 
· Whether/how to have separate FH parameters
· Whether/how to have separate UL power control parameters 
· Whether/how to have separate beam/spatial relation


For UL transmission, including PUCCH/PUSCH/SRS, due to the available UL resources are different between SBFD symbols and non-SBFD symbols, whether to have separate resource allocation/power control/beam configurations should be discussed.
· Resource allocation: In our view, separate PUCCH/PUSCH/SRS resource configurations and FH parameters can be configured for UL subband in SBFD slots and whole UL BWP in non-SBFD slots to increase the flexibility of the configuration/usage for UL. Take PUCCH as example, if all the PUCCH resources are configured within the frequency resource range of UL subband for both SBFD slots and non-SBFD slots, this will cause the fragment of UL resource in non-SBFD slots. Regarding the FH parameters, separate configurations are also needed to guarantee the UL transmission confined within available UL resources, e.g., smaller FH offsets to be configured within UL subband than FH offsets configured within UL BWP.
· Powe control: Due to the different number of receive antenna elements between non-SBFD symbols and SBFD symbols at gNB, it is also worthwhile to configure separate UL power control parameters to maintain the same UL coverage of UE.
· UL beam: We don’t think it is so necessary to configure separate UL beam/spatial relation, since the difference between UL symbols and SBFD symbols is the available UL resource and the number of Rx elements. Although the Rx panels may be different between SBFD symbols and non-SBFD symbols, e.g., only half of the panels is used in SBFD symbols, the relative locations between gNB and UE are not changed and the same UL beam/spatial relation can be used for UE.  
Proposal 25: For SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots:
· Separate resources can be configured;
· Separate FH parameters can be configured;
· Separate UL power control parameters can be configured.
CSI-RS resource and CSI reporting
	Agreement:
Study the frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs considering the following options:
· Option 1: Two contiguous CSI-RS resources that are linked
· Option 2: One CSI-RS resource
· Option 2-1: Non-contiguous CSI-RS resource allocation
· Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s) 
Agreement:
For SBFD-aware UEs, study the following options for CSI report associated with periodic/semi-persistent CSI-RS, at least, across SBFD symbols and non-SBFD symbols in different slots (each CSI-RS resource within a slot has either all SBFD or all non-SBFD symbols): Option 2-2:
· Option 1: separate CSI reporting for SBFD symbols and non-SBFD symbols
· Option 2: same CSI reporting for SBFD symbols and non-SBFD symbols


Regarding the frequency resource allocation for CSI-RS across downlink subbands, Option 1 can be precluded first due to the larger overhead of CSI-RS resource configuration, especially considering the maximum number of CSI-RS supported by UE is limited. As the comparation between Option 2-1 and Option 2-2, the later one is preferred because this option can enable the single CSI-RS resource configuration across SBFD symbols and non-SBFD symbols. For example, one periodic CSI-RS is configured within the DL BWP and the whole frequency resource can be measured in non-SBFD symbols. When in a SBFD symbol, the UE can only measure the CSI-RS resource within the DL subband by excluding frequency resources outside DL subband (s). However, for Option 2-1, one CSI-RS resource cannot be shared between SBFD symbols and non-SBFD symbols which is not an efficient method.
Proposal 26: For SBFD-aware UEs, support Option 2-2 for frequency resource allocation for CSI-RS across downlink subbands: 
· Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s).
Regarding the CSI report associated with periodic/semi-persistent CSI-RS, option 1 (separate report) should be supported. Actually, we don’t think option 2 (same report) is workable for SBFD. As the discussion above, a single CSI-RS resource can be configured both in SBFD symbols and non-SBFD symbols and if time restriction is not configured, UE will average the measurement results on multiple measurement occasions which causes the report CSI is a combined result of SBFD symbols and non-SBFD symbols. This reported CSI result is useless for gNB because gNB doesn’t know the exact channel state of SBFD symbol or non-SBFD symbol and will lead to inaccurate MCS indication.  
Proposal 27: For SBFD-aware UEs, support Option 1 for CSI report associated with periodic/semi-persistent CSI-RS: 
· Option 1: separate CSI reporting for SBFD symbols and non-SBFD symbols.
UL transmissions and DL receptions across different symbols
	Agreement:
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols)
· Study the following options for SBFD-aware UEs:
· Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols
· UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols include the following:
· [bookmark: _Hlk131671476]PDSCH/PUSCH/PUCCH repetitions
· SPS PDSCH/CG PUSCH
· TBoMS
· Multi-PUSCH/PDSCH scheduled by a single DCI
· Periodic/semi-persistent SRS/CSI-RS/PUCCH
· PDCCH


Regarding the two options about UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols, the analysis is as the following:
· Option 1 is simpler for UE’s implementation which doesn’t need to adjust the UL transmission/DL reception parameters because the interference situation and Tx power are different between SBFD symbols or non-SBFD symbols and it may not be suitable to use the same resource allocation and MCS for all PDSCHs/PUSCHs. However, this option will cause some scheduling restrictions and longer latency as in Figure 10 (A), for example, the repetition is restricted in the same symbol type and the total transmission time will be extended.
· [bookmark: _Hlk114219282]Option 2 is a more flexible method to utilize the resource efficiently and shorten the latency, especially considering one of the benefits of SBFD is to improve the UL latency and UL throughout. In addition, to avoid the scheduling restriction, some automatic resource allocation adjustments can also be supported. For example, as in Figure 10 (B), if the previous PDSCH FDRA indicated in non-SBFD slot is overlapped with UL subband, the PDSCH FDRA can be moved to other RBs to maintain the same total RB number among PDSCH transmission occasion to guarantee the PDSCH reception performance.


          
(A) Option 1                          (B) Option 2
[bookmark: _Ref127119018]Figure 10. Potential PDSCH slot aggregation methods in SBFD
Therefore, option 2 is more flexible and can bring more benefits.
Proposal 28: For SBFD-aware UEs, support Option 2 for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots: 
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols.
Furthermore, the detailed solutions for different UL transmissions and DL receptions are provided bellow:
(1) PDSCH/PUSCH/PUCCH repetitions, SPS PDSCH/CG PUSCH and TBoMS
The first case is PDSCH/PUSCH/PUCCH repetitions, SPS PDSCH/CG PUSCH and TBoMS. Basically, they have the same issue about the frequency domain resource allocation, e.g., how the scheduled or configured resource allocation can match both SBFD symbols and non-SBFD symbols. As the illustration in Figure 10 (B), some automatic adjustments on FDRA between SBFD symbols and non-SBFD symbols can be supported if the scheduled or configured resource allocation don’t totally confined with available frequency resource.
Proposal 29: For PDSCH/PUSCH/PUCCH repetitions, SPS PDSCH/CG PUSCH and TBoMS in SBFD symbols and non-SBFD symbols, some automatic adjustments on FDRA between SBFD symbols and non-SBFD symbols can be supported when the scheduled or configured resource allocation don’t totally confined with available frequency resource.
(2) [bookmark: _Hlk126853015]Multi-PUSCH/PDSCH scheduling
Another case is multi-PUSCH/PDSCH scheduling which due to the multiple PDSCH/PUSCH can be allocated on different slots, e.g., partial on SBFD symbols and others on non-SBFD symbols, how to indicate the FDRA for multiple PDSCHs/PUSCHs is one issue needs solution. One solution is to extend the FDRA filed length in the single DCI but will increase the DCI size. Thus, we think the separate interpretation of FDRA filed on SBFD symbol and non-SBFD symbol is a promising solution without impact on DCI size. For example, the shared FDRA field length is based on the maximum bandwidth of DL BWP and DL subband or UL BWP and UL subband and the actual PDSCH/PUSCH frequency allocation interpretation is according the scheduling slot is SBFD slot or non-SBFD slot.
Proposal 30: For multi-PUSCH/PDSCH scheduled by a single DCI in SBFD symbols and non-SBFD symbols, the FDRA field are interpreted differently on SBFD symbol and non-SBFD symbol.
(3) Periodic/semi-persistent SRS/PUCCH
As the discussion in section 4.2, separate resources can be configured to SRS/PUCCH in SBFD symbol and non-SBFD symbol. In addition, the periodicity of each periodic/semi-persistent SRS/PUCCH resource can also be configured aligned with the time location of UL subband, e.g., the periodic/semi-persistent SRS/PUCCH resource configurations are different between SBFD symbol and non-SBFD symbol.
(4) [bookmark: _Hlk131672949]Periodic/semi-persistent CSI-RS
For periodic/semi-persistent CSI-RS, as the discussion in section 4.3, we think a single CSI-RS resource can be configured both in SBFD symbols and non-SBFD symbols. When in a SBFD symbol, the CSI-RS resource allocation is derived by excluding frequency resources outside DL subband (s).
(5) PDCCH
Different from PDSCH, the bitmap based CORESET frequency domain resource allocation can already avoid the UL subband frequency. However, the number of CORESETs UE supporting is limited, e.g., mandatary two CORESETs in FR1. Considering one UE needs to receive CORESETs both in normal DL slots and SBFD slots, if two CORESETs are configured for normal DL slots and SBFD slots respectively, the scheduling flexibility will be reduced. Thus, we think some enhancements on PDCCH resource allocation or CORESET configuration can be further studied to maintain the gNB’s PDCCH scheduling flexibility.
Proposal 31: The enhancements on PDCCH resource allocation or CORESET configuration can be further studied considering the PDCCH reception across SBFD symbol and non-SBFD symbol.
Another issue needs consideration is the DCI size determination. Assume there are 20MHz (about 51 RB) in UL SBFD subband and UE’s UL BWP is 100MHz (273 RB), if the FDRA field size is according to the size of UL subband (for scheduling UL subband) and UL BWP (for scheduling UL BWP) respectively, there will be two different UL grant DCI sizes. Nevertheless, in current spec, the total number of different DCI sizes configured to monitor for a serving cell is limited, which restricts the potential enhancement on DCI payload reduction. 
Therefore, further enhancement on DCI size determination/alignment can be. The first approach is determining the FDRA field bitlength by the maximum of {BWP size, subband size} to maintain only one DCI size for SBFD symbol and non-SBFD symbol. The second approach is to align the DCI size per CORESET, and for each CORESET, the total number of different DCI sizes configured to monitor is limited to 3 or 4, while, for the whole serving cell, the total number of different DCI sizes configured to monitor can exceed 3 or 4. In this case, DCI formats specific to SBFD subband can be gathered in one CORESET, and others DCI formats can be gathered in another CORESET. 
Proposal 32: For a single DCI format used to schedule PDSCH/PUSCH in SBFD symbol/slot or non-SBFD symbol/slot, the following two options about the DCI size determination can be further studied:
· Option 1: The same DCI size is used for scheduling SBFD symbol/slot or non-SBFD symbol/slot, e.g., the FDRA field size is determined on the maximum value of UL subband in SBFD symbol/slot and UL BWP in non-SBFD symbol/slot;
· Option 2: Different DCI sizes are used for scheduling SBFD symbol/slot and non-SBFD symbol/slot respectively and the DCI size alignment can be performed per CORESET.
Conclusions
In this contribution, the possible solutions, coexistence with legacy operation and interference handling of SBFD are discussed and the following observations and proposals are made.
Inter-UE inter-subband CLI handling
Proposal 1: For inter-UE inter-subband CLI measurement Method#1, SINR can also be measured.
Proposal 2: Both uniform and non-uniform CLI subband configuration can be supported to enable inter-UE inter-subband CLI measurement Method#1.
Proposal 3: For inter-UE inter-subband CLI measurement Method#2 and #3, how to estimate the interference intensity of inter-UE inter-subband CLI from CLI-SRS RSRP/RSSI can be further studied. 
· The inter-UE inter-subband CLI modelling as well as the blocker model at UE side under discussing in AI 9.3.1 can be considered as starting point.

Inter-gNB inter-subband CLI handling
Proposal 4: For inter-gNB inter-subband CLI measurement, the following two methods can be further studied:
· Method#1: victim gNB measures leakage interference strength from aggressor gNB within UL subband, e.g., RSSI;
· Method#2: victim gNB measures RSRP of aggressor gNB within DL subband.
Proposal 5: Inter-gNB transmission coordination in orthogonal time-domain, frequency-domain or spatial-domain resources can be supported to identify the strongest aggressor gNB in inter-gNB inter-subband CLI measurement Method#1.

Subband time-frequency location indication
Proposal 6: For SBFD aware UE’s UL transmission, the available UL frequency resources in SBFD symbols is the intersection set of UL BWP and UL SBFD subband, i.e., available UL frequency resources in SBFD symbols = UL BWP  UL SBFD subband.
Proposal 7: For SBFD aware UE’s DL reception, the available DL frequency resources in SBFD symbols is the difference set between DL BWP and UL SBFD subband, i.e., available DL frequency resources in SBFD symbols = DL BWP  UL SBFD subband.
Proposal 8: For SBFD aware UE’s DL reception, the UL subband is defined as DL resource allocation enhancement information or a common rate matching pattern for all DL signals/channels within UE’s active DL BWP in SBFD slots/symbols without the explicit DL subband frequency location indication.
Proposal 9: A slot can consist of both SBFD and non-SBFD symbols, at least for the slot consist of SSB.
Proposal 10: For SBFD-aware UEs, in a symbol configured as DL in TDD-UL-DL-ConfigCommon, support Option 2: 
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed.
Proposal 11: For SBFD-aware UEs, in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, support Option 3: 
· Option 3: DL receptions outside semi-statically configured DL subband(s) are allowed; UL transmissions outside the semi-statically configured UL subbands are allowed.
Proposal 12: Indication for enable/disable of part of UL subband time location via group-common DCI can be supported.
Proposal 13: For SBFD-aware UEs, 
· when in a symbol overlapped with an enabled part of UL subband in time-domain, the DL reception is within the DL subband and UL transmission is within the UL subband;
· when in a symbol overlapped with a disabled part of UL subband in time-domain, fallback to a normal DL/flexible symbol as indicated by TDD-UL-DL-ConfigCommon as legacy behaviour.
Proposal 14: The semi-static SBFD subband time locations indication is indicated within a period equals to the TDD periodicity configured in TDD-UL-DL-ConfigCommon.
Proposal 15: For SBFD-aware UEs, the DL or UL link direction in a SBFD symbol can be explicitly or implicitly indicated, e.g., using scheduling DCI, SFI or define a new DCI.
Proposal 16: It is preferred to not allow the SBFD symbols overlap with the symbols that are indicated for reception of SS/PBCH blocks.
Proposal 17: ROs for contention-free RACH can be configured in UL subband in SBFD symbols. ROs for contention-based RACH cannot be configured in UL subband in SBFD symbols.
Proposal 18: UE is not expected to be dynamically scheduled UL transmissions and DL receptions in the same SBFD symbol.
Proposal 19: For the collision between dynamic DL receptions and semi-statically configured UL transmissions in the same SBFD symbol, UE receives the dynamical DL and drop the UL transmissions.
Proposal 20: For the collision between dynamic UL transmissions and semi-statically configured DL receptions in the same SBFD symbol, UE transmits the dynamical UL and drop the DL receptions.
Proposal 21: For the collision between semi-statically configured UL transmissions and semi-statically configured DL receptions in the same SBFD symbol, UE follows the explicit indication of the link direction of this SBFD symbol.

Resource allocation enhancement
Proposal 22: For an RBG that overlaps the subband boundary, part of the DL RBG inside the DL subband can be used.
Proposal 23: Support non-continuous PRB-to-CRB mapping of DL subbands on SBFD slots to solve the PDSCH resource allocation and precoder granularity issues.
· The RBG/RIV/PRG definition/indication is based on the continuous PRB index across two DL subbands. 
Proposal 24: For an RBG that overlaps the subband boundary, part of the UL RBG inside the UL subband can be used.
Proposal 25: For SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots:
· Separate resources can be configured;
· Separate FH parameters can be configured;
· Separate UL power control parameters can be configured.
Proposal 26: For SBFD-aware UEs, support Option 2-2 for frequency resource allocation for CSI-RS across downlink subbands: 
· Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s).
Proposal 27: For SBFD-aware UEs, support Option 1 for CSI report associated with periodic/semi-persistent CSI-RS: 
· Option 1: separate CSI reporting for SBFD symbols and non-SBFD symbols.
Proposal 28: For SBFD-aware UEs, support Option 2 for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots: 
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols.
Proposal 29: For PDSCH/PUSCH/PUCCH repetitions, SPS PDSCH/CG PUSCH and TBoMS in SBFD symbols and non-SBFD symbols, some automatic adjustments on FDRA between SBFD symbols and non-SBFD symbols can be supported when the scheduled or configured resource allocation don’t totally confined with available frequency resource.
Proposal 30: For multi-PUSCH/PDSCH scheduled by a single DCI in SBFD symbols and non-SBFD symbols, the FDRA field are interpreted differently on SBFD symbol and non-SBFD symbol.
Proposal 31: The enhancements on PDCCH resource allocation or CORESET configuration can be further studied considering the PDCCH reception across SBFD symbol and non-SBFD symbol.
Proposal 32: For a single DCI format used to schedule PDSCH/PUSCH in SBFD symbol/slot or non-SBFD symbol/slot, the following two options about the DCI size determination can be further studied:
· Option 1: The same DCI size is used for scheduling SBFD symbol/slot or non-SBFD symbol/slot, e.g., the FDRA field size is determined on the maximum value of UL subband in SBFD symbol/slot and UL BWP in non-SBFD symbol/slot;
· Option 2: Different DCI sizes are used for scheduling SBFD symbol/slot and non-SBFD symbol/slot respectively and the DCI size alignment can be performed per CORESET.
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