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A study item “Study on evolution of NR duplex operation” has been agreed for Rel.18 [1]. One key objective is to study subband non-overlapping full duplex (SBFD). This document provides our view on SBFD.
Discussion
SBFD operation
Link direction of subbands
In RAN1#112, the following agreement was made for dynamic SBFD. 
	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.



For SBFD operation in a symbol configured as DL in TDD-UL-DL-ConfigCommon, each option corresponds to whether or not to support dynamic SBFD. We think dynamic SBFD would be beneficial to adapt UL/DL traffic.
Proposal 1: For dynamic SBFD operation in a symbol configured as DL in TDD-UL-DL-ConfigCommon, support Option 2.
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, option 2 and option 3 correspond to dynamic SBFD. The difference between option 2 and option 3 is whether bandwidth edge is always DL. For option 2, bandwidth edge is always DL. For option 3, bandwidth edge can be DL or UL. Whether to support option 2 or option 3 depends on the merit of "bandwidth edge is always DL".
Proposal 2: For dynamic SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, study further between Option 2 and Option 3 depending on the merit of "bandwidth edge is always DL".

Transmission/reception occasion within a slot
In RAN1#112bis-e, whether the transmission/reception occasion can be mapped across SBFD and non-SBFD symbols within a slot was discussed, and the following agreement was made.
	Agreement
Study whether the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE, and whether a UE can transmit/receive in the occasion mapped to SBFD symbols and non-SBFD symbols including:
· Use-case(s) including the locations and number of switching points of the SBFD and non-SBFD symbols in the slot.
· Potential benefits if any
· Phase continuity
· Potential interruption of transmissions/receptions during transition
· Required guard time if any
· Potential impact on performance
· Impact on link adaptation, channel estimation, and other procedures
· UL transmission timing if any
· Implementation complexity
· Applicability for SBFD aware UE and non-SBFD aware UEs
· NOTE: There are more than one scenario where a transmission overlaps SBFD and non-SBFD symbols and some may or may not face the aspects listed above
· NOTE: This study doesn’t mean RAN1 agreement on a slot consisting of SBFD and non-SBFD symbols.



Our view is phase continuity may not be kept across SBFD and non-SBFD symbols because of possible difference on the analogue filter. Therefore, we think the channel estimation needs to be carried out separately between SBFD symbol and non-SBFD symbol. In addition, because of the difference of the interference, link quality can be also different between SBFD symbol and non-SBFD symbol. Therefore, different MCS would be more reasonable between SBFD symbol and non-SBFD symbol. Different channel estimation and different MCS can be naturally realized by different transmission/reception occasion of a physical channel.  
If the transmission/reception occasion is confined within the same symbol type, such transmission/reception can be supported (e.g., if PUSCH repetition type B is applied within a slot and each transmission occasion is confined with either of SBFD symbols or non-SBFD symbols, such transmission can be supported). 
Proposal 3: Not support that the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE.

Subband frequency location indication
In RAN1#112bis-e, two options were agreed for frequency location configuration of DL subband(s) and guardband(s).
	Agreement
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).



According to the discussion in RAN1#112bis-e, potential benefit of option 2 is overhead reduction [2]. It was argued that the explicit configuration of option 1 requires at least {the starting position and the number of RBs} of DL subband(s), while the explicit configuration of option 2 requires only {the number of RBs} of guardband(s) since the guardband is always adjacent to UL subband. However, if edges of BWP and subbands are aligned (as shown in Figure 1), even for option 1, to configure only {the number of RBs} of DL subband is sufficient because the staring RB of the first subband and the ending RB of the last subband are aligned with edges of BWP. Therefore, signaling overhead of option 1 and option 2 would be almost same.
Observation 1: For the frequency location configuration of DL subband(s) and guardband(s), there is no significant difference between Option 1 and Option 2.
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[bookmark: _Ref134715524]Figure 1  The relationship between BWP and subband

Subband time location indication
For SBFD operation, gNB needs to be able to configure different transmission directions to different UEs on the same symbol or slot. By Rel-15/16/17 specifications, cell common transmission direction is configured by SIB and different direction to different UEs can be realized by UE-dedicated RRC slot format configuration or a group common PDCCH (DCI 2_0). The following Figure 2 illustrates one example of using UE-dedicated RRC to configure different transmission directions. Note that the existing signalling schemes can only overwrite semi-static Flexible symbol/slot of SIB.
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Figure 2  SBFD operation by using legacy slot format configurations
The above existing signalling scheme is said not widely used in existing NR deployment. Taking Japanese 5G deployment as an example, the TDD pattern (in slot) “DDDSUUDDDD” is typically configured by SIB, where S is a special slot containing DL, UL and Flexible symbols and the Flexible symbols are only used for the gap to switch between DL and UL. In spite of the mandatory support of flexible symbols in Rel-15/16/17 specifications, some argued that the sufficient inter-operability test is not available and not achieved. 
Therefore, the solution relying solely on semi-static Flexible symbol/slot is not sufficient. New enhanced signalling is needed to enable SBFD operation in Rel-18, while at the same time, to minimize the impact on legacy NR deployment.
Observation 2: It is not sufficient to operate SBFD only over legacy semi-static Flexible symbol/slot. Method to utilize legacy semi-static DL symbol/slot should be studied. 

In order not to change the legacy cell-common semi-static slot format, SBFD aware UE can be configured with a new semi-static symbol/slot format where the legacy DL symbol/slot can be overwritten to a UL or Flexible symbol/slot. With such approach, the SBFD operation between legacy UE and SBFD aware UE becomes possible. 
The new Rel-18 semi-static slot format can be configured in two ways: in a cell-common manner using a new parameter such as tdd-UL-DL-ConfigurationCommon-r18; or in a UE-dedicated manner reusing the existing parameter tdd-UL-DL-ConfigurationDedicated. Note that for the former case, although it is a cell common signaling, it would not be visible to Rel-15/16/17 UEs (meaning no impact to legacy UE configuration) because it is a newly introduced parameter in SIB. For the latter case, on the other hand, gNB has flexibility to select which UE to configure. 
The following figure shows one example of using cell-common signalling, where both parameters, tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationCommon-r18, are broadcast by SIB, configuring slot formats for a periodicity of 5 slots. Rel-15/16/17 UEs recognize tdd-UL-DL-ConfigurationCommon, and obtain the slot format as DDDDU. On the other hand, SBFD aware UEs may recognize both parameters, and obtain a different slot format from tdd-UL-DL-ConfigurationCommon-r18 as DFUUU. As a result, SBFD operation at cell level is made possible, by transmitting DL and receiving UL at the same time over “D->U” symbols. Instead of “D->U” using tdd-UL-DL-ConfigurationCommon-r18, “D->F” is also possible. Then the symbol used for SBFD operation for SBFD aware UEs is F symbol and the transmission direction can be determined dynamic manner based on SFI or dedicated DCI.
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Figure 3  SBFD operation by using a new slot format configuration

Proposal 4: Consider to introduce a new semi-static slot format for Rel-18 (and beyond) where the legacy semi-static DL symbol/slot can be re-configured as UL or Flexible symbol/slot. 

Transmission/reception enhancements 
In RAN1#111, to study impact and potential enhancements for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols was agreed as follows. In RAN1#112bis-e, options for different frequency resource allocation for SBFD and non-SBFD symbols were identified for some channels/signals. In the following sub-sections, transmission/reception enhancements for some channels are discussed.
	Agreement (RAN1#111)
Study impact and potential enhancements for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols, including at least the following:
· PDCCH, scheduled/configured PUCCH/PUSCH/PDSCH, without repetition in SBFD symbols and non-SBFD symbols
· Scheduled/configured SRS/CSI-RS in SBFD symbols and non-SBFD symbols
· Scheduled/configured TBoMS across SBFD symbols and non-SBFD symbols with or without repetition
· Multi-PUSCH/PDSCH scheduled by a single DCI in SBFD symbols and non-SBFD symbols
· Scheduled/configured PDSCH/PUSCH/PUCCH with repetitions across SBFD symbols and non-SBFD symbols
Note: Inter-slot/intra-slot/inter-repetition/inter-group frequency hopping with DMRS bundling of PUSCH/PUCCH, if applicable, is considered.
Examples of potential enhancements include:
· Resource allocation in frequency domain including frequency hopping
· Resource allocation in time domain
· Power domain
· Spatial domain 
FFS: If the PUCCH/PUSCH/PDSCH/PDCCH can be mapped to SBFD and non-SBFD in the same slot if configured.

Agreement (RAN1#112bis-e)
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), if the transmissions/receptions can be in SBFD symbols and non-SBFD symbols with different available resources, study at least the following frequency resource allocation options for PDSCH, CSI-RS, PUSCH, PUCCH, SRS for SBFD-aware UE:
· Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots. 
· Option 1-1: Separate FDRA configurations/indications for SBFD slots and non-SBFD slots
· Option 1-2: Separate frequency resources determined for SBFD slots and non-SBFD slots based on single FDRA configuration/indication 
· Option 1-3: single FDRA configuration/indication and RB offset(s)
· Option 2: Perform rate matching or puncturing on the RBs outside DL/UL subbands for DL/UL channels/signals. 
· Option 3: A DL/UL channel/signal overlapping with RBs outside DL/UL subbands in a SBFD slot is dropped or postponed.
Note: Different options can be studied for different signals/channels.



Configured UL transmission
When the gNB operates with SBFD operation, the available UL frequency resources, as well as the interference situation, are different between a “normal” UL symbol/ slot (containing no subband) and an SBFD symbol/ slot (where the subbands within the frequency band are used to separate the DL and UL transmission directions). 
For configured UL transmission such as CG PUSCH, SRS, PUSCH/PUCCH repetition, the transmission occasions may at one instance overlap with UL frequency resources in normal UL symbol/slot, but may at another instance be overlapping with a downlink subband of SBFD symbol/slot. These two cases are shown in the following Figure 4. In the case of configured UL transmission instance overlapping with SBFD slots/ symbols, their resource allocation may deteriorate the performance of DL transmission allocated to the DL subband on the same symbol/ slot (see slots #3 and #4 in Figure 4).
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[bookmark: _Ref111053971]Figure 4  Issue of configured UL transmission resource allocation

It is in principle by current spec that a configured UL transmission can be configured to align the periodicity and symbol offset with that of either normal UL symbol or SBFD symbol. However, such alignment is an additional constraint on the configuration that needs to be taken care of by the gNB and which adds to the complexity of resource allocation. Furthermore, if the SBFD time pattern changes, reconfiguration of configured UL transmission is needed for new alignment, which increases the signaling overhead. Note that this issue does not happen when SBFD operation is carried out in Flexible symbol/slot as configured UL transmission is disabled in Flexible symbol/slots.
Therefore, it is preferable to decouple the configured UL transmission from the configuration/operation of SBFD symbol/slot. This motivates to study methods for UE to validate configured UL transmission instances. For example, the configured UL transmission can be associated with an applicable symbol type (e.g. SBFD symbol vs. normal UL symbol), such that UE will skip the UL transmission instance if it is not overlapping with the applicable symbol type. 
To define different symbol types, the combination of legacy cell-common semi-static slot format and the new Rel-18 slot format mentioned in Section 2.1.4 can be utilized. In more details, from Rel-18 UE (and beyond) point of view, the following table provides an example of slot format combinations:
	Legacy cell-common semi-static slot/symbol format
	New Rel-18 semi-static slot/symbol format
	Conflicting direction?

	D
	D
	Non-conflicting

	D
	U
	Conflicting

	D
	F
	Conflicting

	U
	U
	Non-conflicting

	F
	D
	Non-conflicting

	F
	U
	Non-conflicting

	F
	F
	Non-conflicting


Table 1. The conflict symbol relation between legacy and new semi-static slot/symbol format
As shown in the table, the two symbol types can be defined:
· Conflicting symbol direction between legacy semi-static and new Rel-18 semi-static slot format, e.g. D->U and D->F
·  Non-conflicting symbol direction between the above two semi-static slot formats, e.g. U->U, F->U, and F->F
For a configured UL transmission, it can be associated with one of the symbol type or both. Since the conflicting and non-conflicting symbol correspond to SBFD-ready and SBFD-forbidden at gNB side, respectively, the configured UL transmission can now be transmitted or dropped in a controlled way.
Regarding the agreement on different frequency resource allocation for SBFD and non-SBFD symbols in RAN1#112bis-e, our preference is Option 1-1 (Separate FDRA configurations/indications for SBFD slots and non-SBFD slots). However, from our perspective, not only FDRA but also other parameters would need to be separated because link quality can be different among SBFD and non-SBFD symbols. In order to achieve separate configurations for SBFD and non-SBFD symbols (including FDRA and other parameters), as described above, one solution can be associating the configuration for configured UL transmission with an applicable symbol type (i.e., SBFD symbol or non-SBFD symbol).
Proposal 5: For configured UL transmission, support separate configurations for SBFD symbols and non-SBFD symbols by associating the configuration with either SBFD symbol or non-SBFD symbol.

Dynamic grant PUSCH
For PUSCH scheduled by dynamic grant, the frequency resources can be allocated dynamically. However, the available frequency resources for allocation are different between normal UL symbol and SBFD symbol. Therefore, it is within the scope of the discussion whether the reference resource set can or should be changed between normal UL symbol and SBFD symbol. One possible way is to activate a narrow UL BWP for SBFD symbol and a wide UL BWP for normal UL symbol. The merit would be some savings in the DCI overhead. However, the BWP switching would incur considerable switching delay, if the existing BWP switching definition is reused. The relative long switching delay makes such scheme unattractive. Therefore, the baseline operation would be to use the same FDRA field between SBFD symbol and normal UL symbol. This also provides the benefit of reducing the BD complexity. The UL BWP can be set to the whole carrier BW that is applicable to both SBFD symbol and normal UL symbol. It is up to the scheduling decision to ensure the allocated frequency resources fulfil the restriction of UL subband for SBFD symbols. 
In case of PUSCH repetition, since the same FDRA field is applied to all repetition, the resource allocation would have to be limited to within UL subband, if the repetitions occur over both SBFD symbol and normal UL symbol. This operation has the merit of simplicity. Any further optimization for frequency domain allocation needs to be justified.   
Proposal 6: For PUSCH with dynamic grant, the same FDRA is used between SBFD symbol and normal symbol. 

PDCCH
In RAN1#112bis-e, whether/how to enhance PDCCH for SBFD operation was discussed and the following agreement was made.
	Agreement
For the case that: 
(a) The monitoring periodicity of a search space is such that different monitoring occasions in different slots occur in SBFD and non-SBFD symbols, respectively, and,
(b) The associated CORESET overlaps the boundary of a DL subband in SBFD symbols
Consider whether/how the above could be supported considering both existing tools in specifications on CORESET and search space configuration as well as at least the following options for potential enhancement for SBFD-aware UE:
· Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
· Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
· Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
· Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)
· Option 5: Separate search spaces associated with a CORESET in SBFD and non-SBFD symbols
Note: Whether these enhancements are applicable to only USS or also CSS.



We are open to discuss whether the existing tools in specifications on CORESET and search space configuration can be applied for SBFD operation. One potential need of the enhancement can be use with dynamic SBFD. If dynamic SBFD is supported, symbol type can be changed dynamically (then available DL resource can be changed dynamically). The current specification does not support dynamic change of CORESET resources.
Even if enhancement of PDCCH is needed, the increase of complexity should be minimized. Option 1 would be straightforward, but additional configuration of the CORESET is needed. Option 2 does not need additional configuration, but the functionality for rate matching or puncturing needs to be specified. Option 3 can be achieved with low complexity, but interleaved CCE-to-REG mapping is difficult to be used. Option 4 can also be achieved with low complexity by reusing existing search space set dropping rule and a similar functionality to option 1 can be achieved (example is shows in the following). Option 5 would need to be clarified since difference from the existing specification would be unclear.
Figure 5 shows an example on how Option 4 is applied for SBFD and non-SBFD symbols. In this example, two CORESETs are configured. For CORESET#1, SS#1 (search space set #1) is configured. For CORESET#2, SS#2 (search space set #2) is configured. The number of BDs for both SS#1 and SS#2 are 44 BDs. The maximum number of BDs is also 44 BDs. The monitoring occasion of SS#1 and SS#2 is the same. For DL slot case (case 1), SS#2 (and CORESET#2) is dropped due to search space set dropping rule because the total number of BDs of two CORESETs exceed the limit and SS ID of SS#2 is higher than SS#1. For SBFD slot case (case 2), SS#1 (and CORESET#1) is dropped due to overlapping with UL subband. Thus, a similar functionality to option 1 can be achieved without additional signaling/complexity.
Proposal 7: If enhancement is required for PDCCH transmission/reception, support Option 4 (Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)).
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[bookmark: _Ref127534211]Figure 5  Example of Option 4

PDSCH 
PRG 
In RAN1#112bis-e, the following agreement was made for wideband PRG.
	Agreement
If PRG is determined as wideband, study the following two options:
· Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
· FFS: Precoding assumption within and across the two DL subbands
· Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
The study should include the impact on UE complexity



According to the discussion in RAN1#112bis-e, option 1 may increases UE complexity (e.g., double complexity of channel estimation and associated parameter estimation). However, we think that the complexity of Option 1 would be similar to non-wideband PRG case. For the current specification, support of non-wideband PRG is mandatory. Table 1 shows FG 2-11 in UE feature list (from TR38.822 [3]). According to FG 2-11, dynamic PRB bundling (i.e., PRG size is dynamically indicated by DCI) is optional. However, according to the note of FG 2-11 (bule part in the table), semi-static PRB bundling is mandatory. Since semi-static PRB bundling supports {4, wideband}, non-wideband PRG is mandatory. If non-wideband PRG is supported by all UEs, it would be considered that Option 1 (precoding of non-contiguous frequency resources) can also be supported but the requirement of the performance should be same with non-wideband PRG case.
Proposal 8: If PRG is determined as wideband, support Option 1 (non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated) but the performance requirement should be same as non-wideband PRG case.
[bookmark: _Ref134804204]Table 1  TG2-11 in UE feature list (from TR38.822)
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331
	Parent IE in TS 38.331
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	2. MIMO
	2-11
	Downlink dynamic PRB bundling (downlink)
	Support dynamic PRB bundling indication via DCI
	2-1
	dynamicPRB-BundlingDL
	Phy-ParametersCommon
	No
	No
	Support of semi-static PRB bundling is mandatory
	Optional with capability signalling



RA type 1
For {DUD} subband pattern, DL resources are splitted into two non-contiguous subbands. RA type 0 can be used for non-contiguous resource allocation. However, the granularity of resource allocation for RA type 0 is coarser than RA type 1. RA type 0 cannot be used for fallback DCI. Then, whether/how to allocate PDSCH resource in non-contiguous DL subbands by RA type 1 needs to be considered. The following options can be considered. 
· Option 1: Enhanced VRB-to-PRB mapping for SBFD is introduced
· Option 2: Rate matching around UL subband and guard band is used
· Option 3: Actual PDSCH transmission is based on DL subband regardless of resource allocation

For Option 1, VRBs are consist only of PRBs for DL subbands (i.e., the VRBs are indexed only DL subband. UL subband and guardband are excluded). Figure 6 shows an example. In this example, PRBs consist of 30 RBs and VRBs consist of 18 RBs of DL subbands. One potential issue would be that resource fragmentation can be occurred due to different VRB mapping between SBFD aware UE and non-SBFD aware UE. 
For Option 2, the existing rate matching techniques are reused (i.e., RBs of UL band and guardband are not used for PDSCH transmission). The definition of TBS determination based on actual resource allocation could need to be clarified. 
For Option 3,	PDSCH resource is allocated regardless of subbands, but actual transmission is carried out on DL subband. This option can be similar behavior to Option 2, but the rate matching functionality is not used.
For each option, how to adjust guardband size can be a potential discussion point. Since the required guardband size can be dependent on CLI, the adjustment of guardband size by resource allocation would be beneficial (e.g., guardband size can be increased by not allocating DL resource at edge of DL subband, or guardband size can be reduced by allocating DL resource on guardband).
Proposal 9: Study impact and potential enhancements for RA type 1 for PDSCH.
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[bookmark: _Ref127375261]Figure 6  Enhanced VRB-to-PRB mapping

CSI-RS
For CSI-RS resource, the following agreement was made in RAN1#112.
	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)



In RAN1#112bis-e, observations for each option were discussed and the following conclusion was made.
	Conclusion
For the options agreed to study in RAN1#112 for frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs, the following observations are agreed.
· For all the options, there is no impact on CSI-RS sequence generation.
· Option 1 requires additional signalling to link two CSI-RS resources in two DL subbands. 
· Option 2-1 requires new RRC structure to configure non-contiguous RBs for one CSI-RS resource, which may require additional signalling overhead. 
· Option 2-2 can reuse the existing signalling design for CSI-RS resource configuration. Option 2-2 can be used to resolve the potential unaligned boundaries between CSI-RS resource configuration and SBFD subbands
· Further discussion is required on the UE complexity due to:
· UE capability of maximum number of configured CSI-RS resources
· Processing non-contiguous CSI-RS



From UE complexity perspective, option 1 would be more complex on how to link two CSI-RS resources. If two CSI-RS resources with different configurations other than frequency domain resource allocation are allowed to be linked, it is necessary to specify how to handle CSI-RS resources with different configurations, and such handling would increase UE complexity. If only frequency domain resource allocation is the difference between two CSI-RS resources, it just increases signaling overhead. Thus, our preference is option 2. Comparing option 2-1 and option 2-2, option 2-1 is more flexible than option 2-2, but option 2-2 can reduce signaling overhead. We are open to study option 2-1 and option 2-2.
Proposal 10: For the frequency resource allocation for CSI-RS across downlink subbands, support Option 2 (one CSI-RS resource).

Other potential enhancements
Timing alignment 
In RAN1#112bis-e, the following conclusion was made on time misalignment at gNB between UL receptions and DL transmissions.
	Conclusion
Time misalignment at gNB between UL receptions and DL transmissions due to configuration of non-zero NTA,offset at UE can lead to increased interference assuming no gNB transmit chain impairments and no filtering of DL subband(s) in the gNB Rx chain.
· FFS the case with gNB transmit chain impairments and/or filtering of DL subband(s) in the gNB Rx chain
· FFS whether/how to mitigate the interference increase, including impact to legacy UEs



NTA,offset can be used for switching gap from UL symbol to DL symbol at gNB. On SBFD symbol, there are DL subband and UL subband in the same symbol. If NTA,offset (and NTA) are set to non-zero value, DL and UL boundaries are not aligned at gNB. Thus, whether/how to align DL and UL boundaries needs to be considered. The following options can be considered.
Option 1: DL and UL timings are aligned regardless of SBFD symbols and non-SBFD symbols (i.e., zero value of NTA,offset is applied for both SBFD and UL symbols)
Option 2: DL and UL timings are aligned within SBFD symbols, but UL timings between SBFD symbols and non-SBFD symbols are not aligned (i.e., zero value of NTA,offset is applied for SBFD symbols and non-zero value of NTA,offset is applied for UL symbols)
Option 3: DL and UL timings are not aligned within SBFD symbols, but UL timings between SBFD symbols and non-SBFD symbols are aligned (i.e., non-zero value of NTA,offset is commonly applied for both SBFD and UL symbols)
Figure 7 shows an example of each option. In this example, slot#0 and #4 are DL slots (i.e., slot consists of DL symbols), slot#3 are UL slot, slot#1 and #2 are SBFD slots. There are three subbands in SBFD slots. In this figure, gap symbols from DL to UL are omitted. “DL/UL relation” in the figure shows the symbol type and symbol timing at gNB. 
For option 1, DL and UL boundaries are aligned in any symbols. However, there is no switching gap from UL to DL (between slot#3 and #4). If switching gap is necessary, it can be realized, e.g., by setting proper , allocating gap symbol by the gNB resource assignment, not receiving some part of symbol by gNB. When the existing deployment is not zero value of NTA,offset  i.e. not small cell, it can have the backward compatibility to legacy deployment. 
For option 2, DL and UL boundaries are aligned within SBFD symbols. Although switching gap between slot#3 and #4 is available, symbols are overlapped between slot#2 and #3. This ensures to keep existing deployment for non-SBFD symbols. In this option, legacy UE cannot utilize UL subband in SBFD symbols because non-zero value of NTA,offset is applied to legacy UE transmission.
For option 3, DL and UL boundaries in SBFD symbols are not aligned. There are overlapping between DL and UL symbols. However, if gap symbols from DL to UL are allocated by the gNB resource allocation, the overlapped symbol is included in gap symbols (as in legacy operation). In this option, legacy UE can utilize UL subband in SBFD symbols, but gNB's self-interference is increased due to FFT time misalignment between UL reception and DL transmission.
Proposal 11: Further study how to apply timing advance offset for SBFD and non-SBFD symbol.
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[bookmark: _Ref115250434]Figure 7  Timing advance offset with SBFD operation

Interference mitigation schemes
For coordinated scheduling, to exchange SBFD configurations between gNBs can be considered. The following agreement was made in AI 9.3.3 in RAN1#112.
	Agreement
Study the benefit of knowledge among gNBs of configurations such as
· SBFD time/frequency configuration



The exchange of SBFD time/frequency configuration would be beneficial to improve performance because gNB can handle inter-gNB CLI based on own scheduling strategy. The detailed schemes need to be further studied based on how to configure subband locations in time and frequency domain (e.g., whether/how to support dynamic SBFD).
The limitation of UL transmission power can be considered. Assuming the case where DL transmission is interfered by UL transmission of adjacent subband, UL transmission power can affect CLI intensity. According to our simulation result [3], DL performance is degraded depending on UL transmission power in adjacent subband. Thus, it would be beneficial that UL transmission power is differentiated between SBFD symbol and normal UL symbol especially for higher layer configured UL transmission (i.e., the maximum UL transmission power is limited on SBFD symbols). 
Proposal 12: For interference mitigation, study potential schemes for the exchange of SBFD configurations and UL transmission power limitation.

Conclusion
In this contribution, we made the following observation and proposals. 
Observation 1: For the frequency location configuration of DL subband(s) and guardband(s), there is no significant difference between Option 1 and Option 2.
Observation 2: It is not sufficient to operate SBFD only over legacy semi-static Flexible symbol/slot. Method to utilize legacy semi-static DL symbol/slot should be studied. Proposal 1: For dynamic SBFD operation in a symbol configured as DL in TDD-UL-DL-ConfigCommon, support Option 2.
Proposal 1: For dynamic SBFD operation in a symbol configured as DL in TDD-UL-DL-ConfigCommon, support Option 2.
Proposal 2: For dynamic SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, study further between Option 2 and Option 3 depending on the merit of "bandwidth edge is always DL".
Proposal 3: Not support that the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE.
Proposal 4: Consider to introduce a new semi-static slot format for Rel-18 (and beyond) where the legacy semi-static DL symbol/slot can be re-configured as UL or Flexible symbol/slot. 
Proposal 5: For configured UL transmission, support separate configurations for SBFD symbols and non-SBFD symbols by associating the configuration with either SBFD symbol or non-SBFD symbol.
Proposal 6: For PUSCH with dynamic grant, the same FDRA is used between SBFD symbol and normal symbol. 
Proposal 7: If enhancement is required for PDCCH transmission/reception, support Option 4 (Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)).
Proposal 8: If PRG is determined as wideband, support Option 1 (non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated) but the performance requirement should be same as non-wideband PRG case.
Proposal 9: Study impact and potential enhancements for RA type 1 for PDSCH.
Proposal 10: For the frequency resource allocation for CSI-RS across downlink subbands, support Option 2 (one CSI-RS resource).
Proposal 11: Further study how to apply timing advance offset for SBFD and non-SBFD symbol.
Proposal 12: For interference mitigation, study potential schemes for the exchange of SBFD configurations and UL transmission power limitation.
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