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Introduction
In RAN#94e, SI on evolution of NR duplex operation was approved [1]. As described in the SID, study on subband non-overlapping full duplex will be conducted in Rel-18, which is a key scheme of duplex enhancement in Rel-18 to provide uplink latency reduction, coverage enhancement and spectrum efficiency improvement. 
In this contribution, we discuss some technical issues related to subband non-overlapping full duplex (SBFD) based on the agreements and conclusions achieved in RAN1#111 [2]. Since DL subband in UL symbols is as 2nd priority, only UL/DL subbands in DL symbols or flexible symbols is targeted in this contribution.
Discussion
Subband non-overlapping duplex schemes
The UL/DL resource partition is the fundamental to realize the subband non-overlapping full duplex at the gNB side, such as time/frequency domain location etc. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK8]Subband time location indication
For SBFD operation Alt 4, UE knows subband time domain location. During the RAN1#110b meeting, the explicit configuration of SBFD subband was agreed as the baseline. Furthermore, the time domain location is periodic. 
	Agreement RAN1#110b
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.
[bookmark: _Ref116129429][bookmark: _Toc119832664]Proposal 1-1 RAN1#111
For indication of subband locations for SBFD operation, cell-common indication of subband time and frequency location is the baseline.



Regarding the informing method of time locations, new signalling is a proper choice. Because the current three level of time domain signalling have its own position and working mechanism in determination UL or DL directions. It is hard to reinterpret into SBFD time domain information. Considering backward compatible, new additional signalling for SBFD time domain is better. 
For SBFD subband time locations within a period, the period of tdd-UL-DL-ConfigurationCommon can be used directly. If there are two periods configured by tdd-UL-DL-ConfigurationCommon, those two periods also can be adopted for SBFD time domain signalling.
[bookmark: OLE_LINK4]Furthermore, the relationship/override rules with the current three time domain signalling should be decided. Since we had agreed that semi-static configuration of subband time location as baseline, this new semi-static signalling can indicate the position of SBFD operation with UL subband can be in DL and flexible symbols configured by tdd-UL-DL-ConfigurationCommon and/or tdd-UL-DL-ConfigurationDedicated if configured. One issue is the order among those three signalling. It is common understanding that tdd-UL-DL-ConfigurationCommon is the first configuration for slot format. So SBFD time location can be before or after tdd-UL-DL-ConfigurationDedicated if any. The following figure gives two examples for those two cases. Figure 3A is cell-common SBFD time location. And Figure 3B is a type of UE-specific subband location indication.
	

	


	3A:SBFD time location indicated before UE-dedicated signalling, by cell-common signalling
	3B: SBFD time location indicated by UE-dedicated signalling


Figure 1: Cell-common vs. UE-specific subband time location indication
Table 1 gives some comparison for cell-common and UE-specific subband location indications. It is clear that both types of signalling have its advantages. Both of them can be study further, especially overall considerations together with collision handling is necessary. 
Table 1: Cell-common vs. UE-specific subband location indication
	
	Cell-common SBFD time location indication
	UE-specific subband location indication

	Configuration signalling
	by SIB
	By UE-specific signalling

	Restrictions
	SBFD time location indication can be within D and F configured by tdd-UL-DL-ConfigurationCommon
	SBFD time location indication can be within D and F configured by tdd-UL-DL-ConfigurationDedicated

	Override by the subsequent signalling
	tdd-UL-DL-ConfigurationDedicated may further configured the F symbol into UL. SBFD symbols need modifications.
	SBFD symbols can be based on tdd-UL-DL-ConfigurationDedicated, no modification.

	Granularity of time location
	DL and Flexible region are continuous, it is possible to have continuous SBFD time location.
	Some Flexible symbols can be configured into UL, it may lead to discontinuous SBFD time location.



Before further giving the detailed time domain signalling, it needs to identify the granularity of SBFD time domain, continuous slots, discontinuous slots, or symbols. 
· At least slot level time location can be supported. 
· According to continuous or discontinuous slots in a period, they can both in the scope. Since there may be some pure DL symbols requirement to guarantee the DL throughput. 
· Symbol level SBFD operation can be with lower priority, especially considering the DL-UL switching and UL-DL switching. 
Proposal 1. Regarding the informing method of time locations of subbands for SBFD operation, new signalling is a proper choice.
Proposal 2. The slot configuration period of tdd-UL-DL-ConfigurationCommon can be used as the period of SBFD time domain location, including slot configuration period in pattern1 and pattern2 (if any).
Proposal 3. Both of Cell-common and UE-specific subband time location indication can be study further. 
Proposal 4. At least slot level can be study for SBFD time location, including continuous and discontinuous slots in the period.
Subband frequency location indication
Regarding the informing method of frequency locations of subbands for SBFD operation, semi-static configuration of subband frequency location of UL/DL subband is with relative to CRB grid, thus we think the CRB0 and length of continuous CRB number for UL/DL subband is enough. 
	Agreement RAN1#111
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.



Proposal 5. Regarding the informing method of frequency locations of subbands for SBFD operation, it can be configured relative to CRB0 and length of continuous CRB number.
Cell-common subband frequency location indication can be the baseline. Such as explicit indication of frequency location of UL subband and guard bands, one or two DL subband(s) can be determined by the set of contiguous RBs in a carrier at least excluding RBs of UL subband and guard bands. Or explicit indication of frequency location of UL subband and DL subbands, one or two guard band(s) can be determined by excluding RBs of UL subband and DL subbands. Both of two methods can work. We prefer explicit indication of frequency location of UL subband and DL subbands, and guard bands locations are not included in any of DL and UL subbands.
· First, it is simple to avoid any arguments of whether guard bands are exist and whether those can be used for Tx and Rx. 
· Second, the location and size of UL subband and DL subband(s) are purely frequency locations can be applied for UL or DL. It is clearly for both of discussions and definitions.
For the frequency location of DL subband(s) is explicitly indicated or implicitly determined, we support cell-common explicit indication of DL subbands. A DL subband is a set of contiguous RBs. So at most there would be two DL subbands. Every DL subbands are resources excludes guard band directly by configuration.
For the guardband(s), they can be unawareness. UE knows exactly the resources for UL and DL, all the collisions can be resolved by these information, such as whether UL Tx is within/outside UL subband, or DL Rx is within/outside DL subband. Guardbands do not have special handling.
Thus, the following proposal for UL/DL subband and guard bands.
Proposal 6. The cell-common explicit indication of frequency location of UL/DL subband(s) are the baseline for study, and guard bands locations are not included in any of DL and UL subbands.
SBFD aware UE behaviors 
DL/flexible symbol by TDD-UL-DL-ConfigCommon
According to the following agreement, the baseline of UL transmission and DL reception in UL and DL subband in DL symbol was agreed.  
	Agreement
For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, the following is agreed as baseline in the RAN1 study:
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· The frequency location of DL subband(s) can be explicitly indicated or implicitly derived
· DL receptions within DL subband(s) are allowed in the symbol
· Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol
[bookmark: OLE_LINK2]Agreement
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, study the following options for SBFD aware UEs,
Option 1: 
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
· FFS: Whether DL receptions outside DL subband(s) are allowed or not in the symbol
Option 2: 
· UL transmissions within UL subband are allowed in the symbol
· The RBs outside the UL subband can be used as either UL, or DL excluding guardband(s) if used, in the symbol from gNB’s perspective, and the transmission direction for all those RBs is the same
· FFS: SBFD aware UE behaviours
· FFS: Whether or not signalling of guardband(s) is needed
· FFS: Whether or not the symbol can be converted to a DL-only symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol for both options. For all RBs outside the UL subband, UE cannot use separate RBs for DL and UL simultaneously



For flexible symbol, two options were discussed and agreed during the last meeting. Although option 2 can provide extra scheduling flexibility, it acquires more significant efforts, including the conditions when RBs outside UL subband can be used as UL or whole symbol can convert into a DL-only symbol, the details are open for discussion.
For “The RBs outside the UL subband can be used as either UL, or DL excluding guardband(s) if used” and “FFS: Whether or not the symbol can be converted to a DL-only symbol”, it seems allow the DCI schedule UL/DL to change the whole symbol into UL-only or DL-only symbol, or singling to change SBFD to non-SBFD operation. However, there can be several problems to allow these overriding. 
· If the conversion to DL-only symbol can be caused by dynamic scheduling of PDSCH/CSI-RS, the target UE is aware of this override command and disable SBFD operation in the corresponds regions, however the other UEs do not known this conversion, they still try to transmit UL which is configured by higher layer signalling in the UL subband. This unwanted UL will be serious interference for the UE which receive the DL. Similarly, the RBs outside UL subband used as UL would have the same interference issue for gNB. Clearly, the dynamic scheduling based DL-only or UL-only conversion cannot work for SBFD operation in flexible symbols.
· Second, such the CG-PUSCH and PDSCH in slot 2, UE can drop PDSCH reception due to it is collide with UL regions. However, if PDSCH scheduled by a DCI can be valid DL reception, whether CG-PUSCH should be dropped, even if it is within a legal UL region. There will be more ambiguous collisions need to handle, and we find it is hard to give a unified solution, since sometimes it gets the DL or UL direction based on the configuration, but sometime it allows override. It gives too much flexibility for the link directions, and leads to some unwanted and unnecessary complex collision handling. D subbands in flexible symbol only means it can be used for DL reception, but only necessarily have when SBFD operation is enabled in this symbol.
So we do not support Option 2.



Figure 2: Example for DL receptions within UL subband
Observation 1. DCI schedule UL/DL to change the whole symbol into UL-only or DL-only in a symbol configured as flexible in TDD-UL-DL-ConfigCommon cannot work.
Proposal 7. Support Option 1 for SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon.
SSB symbols
[bookmark: OLE_LINK14]Proposal 1-7 in last meeting encouraged to consider SBFD operation in SSB symbols, we prefer not to support it. Because gNB do not aware of the SSB reception of the RRC Connected UE, it cannot guarantee the UL can be transmitted from the UE side. So UL transmission has a high possibility cannot be sent by UE. There is a high possibility not to be configured in the SSB symbols, gNB would avoid this operation. 
	[bookmark: _Ref116133588][bookmark: _Toc119832670]Proposal 1-7
In order to decide whether SBFD operation in SSB symbols is support or not, at least consider the following aspects:
· Impact on SSB detection/measurement due to UE-to-UE CLI
· Incapable of simultaneous UL transmission and DL reception of SSB at UE side



Proposal 8. We suggest not support SBFD operation in SSB symbols.
Transmission/Reception enhancements
Impacts of non-contiguous DL subbands
Impacts of non-contiguous DL subbands for CSI-RS, PDSCH and UE-to-UE CLI-RSSI resource, it would be good to have unified solution to resolve this issue.
CSI-RS and CLI resource in frequency domain
There was an agreement of CSI-RS and UE-to-UE CLI-RSSI resource for non-contiguous DL subbands in RAN1#110b. FL also provided the summary of some solutions from the contributions. 
	Agreement
Study impact and potential enhancements of CSI-RS resource set frequency domain resource allocation and CSI reporting configuration across non-contiguous DL subbands.
Agreement
Study impact/potential enhancements for UE-to-UE CLI-RSSI measurement/report considering non-contiguous measurement resource in frequency.

Summary from the contributions
· Option 1: Two CSI-RS resources are configured
· Option 1-1: Two CSI-RS resources link to two CSI reports
· Option 1-2: Two CSI-RS resources link to one CSI report
· Option 2: Non-contiguous CSI-RS resource 
· Option 2-1: non-contiguous CSI-RS resource allocation
· Option 2-2: contiguous CSI-RS resource allocation and non-contiguous CSI-RS resource derived by excluding frequency resources of UL subband and guardband(s)
· Option 3: One contiguous CSI-RS resource overlapping with UL subband 
· Option 3-1: UE skips a CSI measurement and report for a CSI reporting configuration if any CSI-RS resource collides with UL subband or guardband
· Option 3-2: UE skips the subband CSI reporting to a CSI subband colliding with UL subband and guardband(s)
· Option 3-3: CSI reporting setting configures that the CSI is not reported for CSI subband(s) colliding with UL subband and guardband(s)



PDSCH Type-1 resource allocation without interleave
When Type-1 resource allocation is configured, if no interleaved VRB-to-PRB mapping, the VRB index is same as PRB index, so the VRBs and PRBs in the DL BWP are continuous arranged. If there is a UL subband, especially, the UL subband is within the middle of the DL BWP, there would some unavailable PRBs/VRBs in the middle. As shown in left figure in Figure 6, VRB12~VRB13 cannot be allocated for DL reception, because the PRBs belong to UL subbands. There would be some problem for these contiguous DL resources.


[bookmark: _Ref111131188]Figure 3: SBFD impacts on Type-1 RA, no interleave
There are three possible enhancements according to PDSCH frequency domain resources across non-contiguous DL subbands:
· Option 1: One contiguous frequency domain resource allocation which the resources overlapping with UL subband or guardband are blank out.
· Option 2: There can be two separate frequency domain resource allocations for a PDSCH if there are two DL subbands. But it has to reinterpret the FDRA field in DCI and RRC. Such as two RIVs are needed. 
· Option 3: VRBs/PRBs can be reorder by only including the usable VRBs/PRBs in the SBFD slots, such as Option 2 in Figure 6 shown. This new VRBs/PRBs indexes support to schedule the frequency resources across two DL subbands, but it has huge impacts for the definition of VRB/PRB. 
For CSI-RS, UE-to-UE CLI-RSSI resource and PDSCH, the Option1 and Option 2 can both be considered. But Option 3 can be ruled out due to it cannot be applied for CSI-RS and UE-to-UE CLI-RSSI resource.
Proposal 9. For CSI-RS, UE-to-UE CLI-RSSI resource and PDSCH resource set frequency domain resource allocation across non-contiguous DL subbands, the following options can be further studied
· Option 1: One contiguous frequency domain resource allocation for CSI-RS/UE-to-UE CLI-RSSI resource/PDSCH which the resources overlapping with UL subband or guardband are blank out.
· Option 2: There are two separate frequency domain resource allocations for a CSI-RS/UE-to-UE CLI-RSSI resource/PDSCH if there are two DL subbands. 
Resource allocation granularity
According to the issue of unaligned boundaries of DL/UL subband and configuration granularity in the frequency, the agreement below was agreed during the last meeting. 
	Agreement
Study the impact and benefits of potential enhancements to resource allocation in frequency-domain for SBFD operation, considering unaligned boundaries between resource block group(s)/reporting subband(s) and SBFD subbands, including at least the following:
· RBG for PDSCH RA type 0
· CSI reporting configuration
· [bookmark: OLE_LINK15]CSI-RS resource configuration
· PRG of PDSCH



For RBG for PDSCH/PUSCH FDRA, CSI reporting subband and PRG of PDSCH, they are quite similar. A unified solution also preferred. 
Take RBG for PDSCH/PUSCH FDRA for example, when Type-0 resource allocation is configured, the RBGs in the DL BWP are continuous arranged, depending on the number of PRBs in one RBG, the starting CRB index, and DL BWP size. If there is a UL subband, there would some unavailable PRBs and RBGs. Especially, the UL subband is within the middle of the DL BWP, the DL frequency resources are divided into two parts. As shown in Figure 7, RBG3~RBG6 cannot be allocated for DL reception, because the PRBs in these RBGs is UL. 


[bookmark: _Ref111131159]Figure 4: SBFD impacts on Type-0 RA, RBG
There can be three options for this issue of unaligned boundaries of DL/UL subband and configuration granularity in the frequency:
· Option 1: One implementation method is the resource group in RBG/PRG/CSI subband overlapping with UL subband/DL subband cannot be indicated for PUSCH/PDSCH transmission or CSI-RS within SBFD symbols. 
· The disadvantage is there are some wasted PRB. Such as PRB 11/24/25/26 are available for DL, but due to PRB granularity, they cannot be indicated as DL PDSCH resources since they also contain some unavailable PRBs.
· Option 2: legacy contiguous frequency resources for RBG/PRG/CSI subband are unchanged, with the resources overlapping with different link direction subband or guardband are blank out. 
· If there are one or more available PRBs in a RBG, it can be treated as available RBG. With only PRBs in DL subbands can be used and mapped with PDSCH. Such as RBG3 and RBG6 for PDSCH transmission within SBFD symbols can be allocated, but only PRB 11/24/25/26 are available for DL PDSCH transmission.
· Option 3: frequency resources for RBG/PRG/CSI subband are changed, with only the valid resources non-overlapping with different link direction subband or guardband. 
· One possible way is a RBG/PRG/CSI subband only contains contiguous frequency resources.
· Another is a RBG/PRG/CSI subband can with discontinuous frequency resources. 
Proposal 10. For the enhancements to RBG/PRG/CSI subband resource allocation granularity in frequency-domain for SBFD operation, the following options can be further studied.
· Option 1: One implementation method is the resource group in RBG/PRG/CSI subband overlapping with UL subband/DL subband cannot be indicated for PUSCH/PDSCH transmission or CSI-RS within SBFD symbols. 
· Option 2: legacy contiguous frequency resources for RBG/PRG/CSI subband are unchanged, with the resources overlapping with different link direction subband or guardband are blank out. 
· Option 3: frequency resources for RBG/PRG/CSI subband are changed, with only the valid resources non-overlapping with different link direction subband or guardband. 

Transmissions across SBFD and non-SBFD symbols
The following agreement provides good further discussion direction. We provide our considerations for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols. 
	Agreement
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.



For scheduled/configured UL transmissions and scheduled/configured DL receptions across SBFD symbols and non-SBFD symbols, the table below gives some analysis. Since one-shot transmission/reception is different form periodic. We discuss them separately.
Table 2: Summary of UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols
	Cases
	Cross SBFD and non-SBFD symbols?
	If yes, when?

	PDCCH
	No
	No
Handled by proper configuration of CORESET and monitoring occasion.

	Scheduled
	PUSCH/PDSCH/PUCCH without repetition
	No
	No
Either within SBFD or non-SBFD symbols

	
	PDSCH/PUSCH/PUCCH with repetition
	Yes
	Different repetitions

	
	TBoMS PUSCH
	Yes
	TB transmission across slots

	
	Multi-slot PUSCH/PDSCH
	Yes
	PUSCH/PDSCH in different slots.

	Configured
	[bookmark: OLE_LINK1]SPS PDSCH/ Type1&Type 2 CG-PUSCH/PUCCH without repetition
	Yes
	SPS PDSCH/CG-PUSCH across two or more periods

	
	SPS PDSCH/ Type1&Type 2 CG-PUSCH/PUCCH with repetition
	Yes
	· SPS PDSCH/CG-PUSCH across two or more periods
· Different repetitions of SPS PDSCH/CG-PUSCH

	
	Type 2 CG-PUSCH TBoMS
	Yes
	· TB transmission across slots
· TBoMS across two or more periods

	Scheduled/configured CSI-RS/SRS
	Yes
	



For the FFS point “If the PUCCH/PUSCH/PDSCH/PDCCH can be mapped to SBFD and non-SBFD in the same slot if configured”, as shown in the following figure, PDSCH in slot 1 and PUSCH in slot 3 both mapped to SBFD and non-SBFD regions. We do not think it is a reasonable case. 
· First, timing advance for CLI handling in SBFD operation and flexible duplex is an important issue, which were discussed by a lot of companies in their contribution, and proposed to use different TA in SBFD and non-SBFD region. This solution would lead to two TA for one PUSCH in slot 3. It is too early to make decision before we have a clear picture for TA enhancement.
· Second, DL-UL switching is another issue would impact the allowance, e.g. the orange box in the slot 1 shows a possible DL-UL switching pattern for DL symbol change to UL subband. Frankly speaking, the DL-UL switching pattern cause trouble for PDSCH covering SBFD and non-SBFD in a slot.
· Third, some enhancements were agreed for SBFD regions, such as different frequency resource, time domain resource, power control, and spatial domain. It is hard to decide which frequency/time/power/spatial domain parameters or indications should be used for these specific channel.
In a summary, the PUCCH/PUSCH/PDSCH/PDCCH mapped to SBFD and non-SBFD in the same slot is a corner case, which have a lots of potential problems may impact the main progress of our SBFD discussion. We propose not to discuss this issue in the SI stage again.  


Figure 5 Examples for PUSCH/PDSCH mapped to SBFD and non-SBFD in the same slot
Proposal 11. PUCCH/PUSCH/PDSCH/PDCCH cannot be mapped to SBFD and non-SBFD regions in the same slot.
Proposal 12. Scheduled PUSCH/PDSCH/PUCCH without repetition do not need to study the impact when crossing SBFD and non-SBFD symbols, it can be guaranteed by scheduling.
Proposal 13. PDCCH does not need to study the impact when crossing SBFD and non-SBFD symbols, it can be guaranteed by PDCCH monitoring occasion and CORESET configuration.
Resource allocation in frequency domain including frequency hopping
For all the other scheduled or configured UL transmission and DL reception except PDCCH and scheduled PUSCH/PDSCH/PUCCH without repetition, they share the same situation that different available resources are in SBFD symbols and non-SBFD symbols. FL also give the following summary in the [3].
	· Scheme 1: A PUCCH/PUSCH/PDSCH can be repeated within non-SBFD slots or within SBFD slots, but not between a SBFD slot and a non-SBFD slot. For this scheme, current transmission scheme can be reused directly.
· Scheme 2: A PUCCH/PUSCH/PDSCH can be repeated between SBFD slot and non-SBFD slot, and the same RB resources are used in both types of slots. In other words, the valid RB resource for the first PUCCH/PUSCH/PDSCH repetition is copied in subsequent slots.
· Scheme 3: A PUCCH/PUSCH/PDSCH can be repeated between SBFD slot and non-SBFD slot, and the different RB resources can be used in different types of slots. In other words, the valid RB resources for PUCCH/PUSCH/PDSCH repetition are determined separately in SBFD slots and non-SBFD slots.



Regarding to Scheme 1, it is not a good solution, considering the objective to improve UL coverage. Due to SBFD can provide more continuous/discontinuous UL time resources, it reduce the gain if only SBFD slots or non-SBFD slots are used for UL/DL. 
For Scheme 2, it is a method to use SBFD and non-SBFD slots, but lower the scheduling flexibility since the UL symbol cannot use the frequency domain as same as UL subband part, while the other parts cannot be applied for any repetition/TBoMS/multi-scheudling/configured resources. Thus, Scheme 2 is also not preferred.
We support scheme 3, it can fully satisfy the target objectives of SBFD item, and provide enough scheduling flexibility for both of DL and UL, can be easy applied to configured and scheduled channels or signals.
Proposal 14. Different frequency resources can be used in SBFD and non-SBFD regions, for PDSCH/PUSCH/PUCCH with repetition/TBoMS PUSCH/Multi-slot PUSCH&PDSCH and all configured transmission and receptions.
Resource allocation in time domain
Different from frequency domain, we are not sure why time domain resource need to improve, maybe because SBFD region and non-SBFD regions contain different symbols. However, the time granularity of SBFD has not been decided yet, if SBFD and non-SBFD are both slot based, there would be no problem. It is unnecessary to provide solution for the potential case. So the resource allocation in time domain can be postponed until there are sufficient driven.
Observation 2. The resource allocation in time domain for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols can be postponed until there are sufficient driving.
Power domain
Similarly as resource allocation in time domain, power domain also need to postpone the discussion. Because the power domain enhancement is from the benefits of the CLI handling. However, due to it is still in process without sufficient convince, power domain enhancement can start later. 
Observation 3. The power domain for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols can be postponed until there are sufficient driving from the CLI.
Spatial domain 
Same as power domain, spatial domain improvement comes from the CLI handling, such as the preferred or non-preferred beam. We can hold it until more information is provided, e.g. the difference requirements of spatial domain in SBFD and non-SBFD regions.  
Observation 4. The spatial domain for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols can be postponed until there are sufficient driving from the CLI.
UE collision handling
There was a proposal in the last meeting without close attention due to limited time. 
	[bookmark: _Toc119832675]Proposal 1-12
At least the following cases of time domain conflict of UL transmission and DL reception in the same SBFD symbol are identified.
· Dynamic DL reception vs. semi-statically configured UL transmission
· Dynamic UL reception vs. semi-statically configured DL transmission
· Semi-statically configured DL reception vs. semi-statically configured UL transmission
Note: PRACH transmissions and SSB receptions are not included.



[bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK33][bookmark: OLE_LINK34]According to collision between UL transmissions and DL receptions in the same SBFD symbol, the following cases can be discussed, where if the UL transmission is transmitted or DL reception is received using resources indicated by a DCI, then it belongs to “dynamic UL/DL transmission”; if the UL transmission is transmitted or DL reception using semi-statically configured resources or other repetitions/transmissions besides the first one of the dynamic UL transmission or DL reception, then it belongs to “semi-static UL transmission”. 
· Collision between dynamic UL transmissions and dynamic DL receptions
· [bookmark: OLE_LINK31]Collision between dynamic DL receptions and semi-statically UL transmissions 
· [bookmark: OLE_LINK32]Collision between dynamic UL transmissions and semi-statically DL receptions 
· Collision between semi-statically UL transmissions and semi-statically DL receptions 

For collision between dynamic UL transmissions and dynamic DL receptions, it can treated as an error case, as same as current specification stated. It is natural and easy for gNB to have non-overlapping dynamic UL transmissions and dynamic DL receptions.
For the 2nd, 3rd, and 4th collisions, the allowed transmission direction depends on the SBFD time/frequency location indication discussion, which also relative to UE assumption of link direction before collision handling. There are some alternatives can be considered:
Alt 1: UE can use either DL or UL subband in a SBFD symbol, depends on DL reception or UL transmission. Such as tdd-UL-DL-ConfigurationDedicated still provide whole symbol direction, as same as current specification. UE can use either DL or UL subband, depends on the DL reception or UL transmission as shown in the following figure B. Dynamic DL receptions and semi-statically UL transmissions, dynamic UL transmissions and semi-statically DL receptions and semi-statically UL transmissions and semi-statically DL receptions are all possible. This alternative is more complex when handling the collision, but with flexibilities comparing with Alt 2.
Alt 2: UE can only use one subband direction of a symbol through configuration signalling. Such as tdd-UL-DL-ConfigurationDedicated can provide further UE’s subband direction. It selects DL subband or UL subband of SBFD symbols. As shown in the following figure A, tdd-UL-DL-ConfigurationDedicated for one UE1 indicates UL, so only UL subband can be used, while slot 1&2 are DL, only DL subbands can applied. For UE2, slot 1 and 2 are UL, UL transmission in UL subband is valid, and DL in DL subbands are not allowed. In this alternative, semi-statically UL/DL is cancelled if it is against the transmission direction of subband, according to the current collision handling. And dynamic DL/UL should be aligned with transmission direction of subband. Obviously, this alternative can reuse the current collision handling as much as possible, it is easier for all the collision decision, but with less flexibility due to only one of DL or UL subband has been predefined, the opposite direction cannot be used.
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Figure 6: UE assumption of link direction before collision handling
Proposal 15. For collision between dynamic UL transmissions and dynamic DL receptions, it can treated as an error case
Proposal 16. Before to study collision between UL transmissions and DL receptions, it needs to align the understanding of UE assumption of link direction:
· Alt 1: UE can use either DL or UL subband in a SBFD symbol, depends on DL reception or UL transmission.
· Alt 2: UE can only use one subband direction of a symbol through configuration signalling.
Regarding collision between transmissions/receptions with transmission direction of subband, it has some connection with SBFD aware UE behaviours especially in flexible symbol, and frequency domain resource allocation for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols. Before further step, we can process the two issues first. 
CLI handling (gNB/UE)
During Rel-15, the CLI interference mitigation schemes for duplexing flexibility were initially discussed. In Rel-16, UE-to-UE CLI measurement on SRS-RSRP and CLI-RSSI was introduced [4], and for gNB-to-gNB CLI slot configurations sharing among gNBs were provided via backhaul signaling in CLI handling and RIM for NR.
UE-to-UE CLI handling
[bookmark: OLE_LINK7]For co-channel operation, UE-to-UE intra-cell co-channel inter-subband CLI and UE-to-UE inter-cell co-channel inter-subband CLI are specific to SBFD operation, as shown in Figure 8. Their definitions are:
The interference is caused by UL transmission of the aggressor UE in a first set of contiguous RBs in UL subband in a carrier to DL reception of the victim UE in a second set of contiguous RBs in DL subband in the same cell in the same carrier, where the two contiguous RB sets are non-overlapping in frequency.
The interference is caused by UL transmission of the aggressor UE in a first set of contiguous RBs in UL subband in a carrier to DL reception of the victim UE in a second set of contiguous RBs in DL subband in the neighboring cell in the same carrier, where the two contiguous RB sets are non-overlapping in frequency.
[image: C:\Users\huan.zhou\Documents\WXWork\1688850319516948\Cache\Image\2022-08\企业微信截图_16602914988893.png]
[bookmark: _Ref111212847]Figure 7: Interference in co-existence case with SBFD
According to the location of CLI measurement, DL subband can be measured for UE-to-UE inter-subband CLI handling. Because victim UE’s reception in DL subband are impacted. 
Proposal 17. Victim UE measures CLI within DL subband for UE-to-UE inter-subband CLI handling.
gNB-to-gNB CLI mitigation
gNB-to-gNB inter-cell co-channel inter-subband CLI is caused by DL transmission of the aggressor gNB in a first set of contiguous RBs in a carrier to UL reception of the victim gNB in a second set of contiguous RBs in the neighboring cell in the same carrier, where the two contiguous RB sets are non-overlapping in frequency. It is shown in Figure 8.
In Rel-16, gNB-to-gNB CLI handling has been discussed and only TDD slot configuration is shared among gNBs. In Rel-18, the SBFD scenario is different from legacy TDD and may require more information sharing among gNBs. Similarly, victim gNB measures CLI within UL subband for gNB-to-gNB inter-subband CLI handling.
Proposal 18. Subband-level information can be considered for gNB-to-gNB’s information exchange.
Proposal 19. Victim gNB measures CLI within UL subband for gNB-to-gNB inter-subband CLI handling.
Others
SBFD operation
Obviously, gNB is aware of all DL/UL directions on DL and UL subbands, one question is whether a UE should know the deployment of SBFD or not, and what type of SBFD information is necessary. From the discussions of last RAN1 meeting, the following SBFD operation Alt 4 was agreed as the baseline. 
	Agreement
For SBFD operation at least for RRC_CONNECTED state, it is agreed that SBFD operation Alt 4 is the baseline.
· SBFD operation Alt 4:
· Both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs. 
· UE behaviors for non-SBFD aware UEs follow existing specifications.
· From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs based on the time and frequency locations of subbands for SBFD operation.


According to this issue, we provide our views.
For SBFD operation Alt 1, it is the fundamental for legacy UE to work well in SBFD supporting network. It does not need extra work.  It is a completely transparent SBFD scheme from the UE’s point of view. All the SBFD operation can be only within any Flexible slots/symbols configured by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated (if any).
For SBFD operation Alt 2: UE does not aware of any SBFD information on time and frequency domain. But new UE behaviours can be introduced for SBFD aware UE, such as allowing additional collision handling cases, new resources allocation etc.
· First, UE only do what it is told to do. Such as if configured with or scheduled the DL reception, UE only do the DL channel reception on the DL BWP. It does care about whether there is some UL transmission from another UE meanwhile within the frequency domain resource of its DL BWP. Rel-18 UE still does not know any additional information about SBFD.
· For example, unlike legacy UE, Rel-18 SBFD UE supports to override a DL symbol to flexible/UL symbol by a type of signaling. Such as tdd-UL-DL-ConfigurationDedicated singling can override the DL symbol configured by tdd-UL-DL-ConfigurationCommon into UL symbol, UE sets its link directions according to the later tdd-UL-DL-ConfigurationDedicated singling. While another UE does not override according to its own tdd-UL-DL-ConfigurationDedicated singling. Through this type of UE-specific singling, different UE can have different link directions, to achieve the SBFD operations from gNB’s perspective. The SBFD operations can be within any Flexible and DL slots/symbols configured by tdd-UL-DL-ConfigurationCommon. After the overriding, the current DL and UL collision handling is done based on these directions. No further new collision handling is needed. Figure example, SBFD is used at gNB side with DUD subband configuration in slot 1-3 in Figure 1. DL slot 3 are override into UL for UE1, while DL slot 1/2 are override into UL for UE2. gNB can simultaneously schedule downlink UE in downlink subbands and uplink UE in uplink subband with SBFD operations on flexible slots 1/2/3.
· One benefit of Alt 2 is it can be used in the current network deployment more smoothly, because flexible slots/symbols are little used now. So DL slots/symbols can be override by tdd-UL-DL-ConfigurationDedicated signaling provides more SBFD operation chances. 
· Another advantage of this scheme is original three signalling types can be used as a starting point, without extra time domain signaling for UL subband location for UE. There is no difference between legacy UL symbol and UL subband from the UE behaviours’ point of view.  
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[bookmark: _Ref111130997]Figure 8: Example for Alt 2
For SBFD operation Alt 3: UE assumes the link directions of slot/symbol based on more overriding rule on the current mechanisms, maybe know some time domain SBFD information e.g. the slots that override by new rules. 
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]This option requires the gNB to take care of the scheduling cautiously, such as there would be no obscure DL/UL judgement, i.e. UE does not expect to do semi-static DL reception and semi-static UL transmission simultaneously, or dynamic DL reception and dynamic UL transmission in at least one overlapping symbol. Fortunately, those two ambiguous cases are not allowed in the current specification, it can also apply this limitation to SBFD. For the remaining collisions, there would be no problem based on the priority between DL and UL direction. So SBFD can be realized transparently to UE via scheduling
· For example, SBFD is used at gNB side with DUD subband configuration in slot 1-3 in Figure 1 Option 1-1. UE1 receives downlink signal in slots 0/1/2 and transmit uplink signal in slot 3/4 according to slot configuration DFFFU and DL scheduling. UE2 transmits uplink signal in slot 1, 2 and 4 and receives downlink signal in slot 0 and 3 according to slot configuration DFFFU and DL scheduling in DL slot 0 and flexible slot 3, and UL scheduling in flexible slot 1, 2 and UL slot 4. In this case, gNB can simultaneously scheduling downlink UE in downlink subbands and uplink UE in uplink subband with SBFD operations on flexible slots 1/2/3. 
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Figure 9: Example for Alt 3

Proposal 20. In addition to Alt 4, Alt 2 can be further studied for SBFD operation.
· UE does not aware of any SBFD information on time and frequency domain.

Co-existence with legacy UE/ gNB
Co-channel co-existence case was specified as deployment case 3 in sub item 9.3.1 in last meeting. Evaluation is conducted on the assumption that among the cells belonging to the operator, some of them use legacy TDD operation while the others use SBFD operation with the same SBFD subband configuration. 1-layer and 2-layer deployment cases are in the scope and the CLI analysis are shown in Figure 9.
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[bookmark: _Ref111130493]Figure 10: co-channel co-existence scenarios for 1-layer and 2-layer
Considering UL subband in legacy DL slots for SBFD, the UL reception SBFD gNB suffers inter/intra subband CLI from DL transmission of legacy gNB while legacy UE suffers inter/intra subband CLI from UEs transmitting UL signal in SBFD cells. Because the performance of legacy UEs could be seriously degraded by intra subband CLI caused by SBFD UEs, further study on intra subband CLI mitigation on SBFD UEs is needed.
Observation 5. In co-channel co-existence case of legacy UE/gNB and SBFD, there is no impact to the legacy gNB, but impact to legacy UE. CLI mitigation scheme for aggressor SBFD UEs should be studied.
For SBFD operation, one key issue is to handle gNB-to-gNB adjacent-channel CLI and/or co-channel-CLI of the same or different operators. Two SBFD patterns in Figure 10can be potential candidates for SBFD operation, which embed a small UL band into DL slots or allocate a small UL band at the edge carrier of DL slots. The candidate subband patterns are beneficial to reduce both inter-subband CLI & inter-operator CLI at gNB side, and inter-subband CLI & inter-operator CLI at UE side, as the rest DL band part of DL slots can act as guard band for those new UL band in the original DL slots. 
[image: ]
[bookmark: _Ref111131310]Figure 11: The candidate subband patterns for SBFD operation
According to the approved Rel-18 NR duplex SID, adjacent-channel co-existence with the legacy operation should study the feasibility of and impact on RF requirements. As RedCap operation has been specified in Rel-17 and R18 RedCap is on the road, from our perspective, good coexistence performance should be studied not only between SBFD capable UE and legacy non-RedCap UE, but also between SBFD capable UE and R17 RedCap UE.
During R17 RedCap discussion, one of the most important coexistence issues is to solve PUSCH resource fragmentation, which will cause UL peak data rate reduction for non-RedCap UEs not supporting non-contiguous UL resource allocation. Finally, network is possible to configure RedCap UL and DL BWP at the edge of channel bandwidth to avoid PUSCH resource fragmentation, while can still maintain TDD DL-UL center frequency alignment. 
Observation 6. Both for R18 duplex operation enhancement and R17 RedCap, to achieve good co-existence performance with legacy network/UE, the bandwidth part location needs to be carefully designed.
As well known, UE power consumption is tightly depended on DL BWP bandwidth based on the power consumption model in 38.840 [3]. Although non-RedCap UEs support non-contiguous DL resource allocation, DL resource fragmentation introduced by NR duplex operation may not be friend to non-RedCap UEs from UE power consumption perspective. Figure 11 below is an example of DL resource fragmentation caused by SBFD operation.
[image: ]
[bookmark: _Ref111130577]Figure 12: An example of DL resource fragmentation caused by SBFD operation
Observation 7. DL resource fragmentation caused by NR duplex operation may not be friendly to legacy UEs from UE power consumption perspective.
The main RedCap market is focused on use cases with relatively low cost/complexity, low energy consumption, and low data rate requirements. Supporting SBFD operation will not only increased the complexity for RedCap UE, but also will complicate the whole system design. Therefore, SBFD operation is not recommended for RedCap UE. 
To avoid or minimize the DL resource fragmentation problem introduced by NR duplex operation, one possible solution is to configure SBFD band close to the DL BWP of R17 RedCap which is configured at the carrier edge. One of most benefit of this solution is that UL SBFD can use RedCap DL BWP as guard band to mitigate the inter-operator CLI, while can maximally avoid DL resource fragmentation for legacy non-RedCap UEs. Another potential solution is to configure SBFD band at the opposite side of edge carrier while R17 RedCap DL BWP is configured at the other side of carrier edge. These two example solutions are depended on operators’ network deployments, which are illustrated in the following Figure 12.
[image: ]
[bookmark: _Ref111130621]Figure 13: Example deployments for SBFD and R17 RedCap
Proposal 21. The introduction of SBFD operation should study co-existence performance with the legacy NR operation including RedCap deployment, which allow network to configure SBFD and RedCap BWP in a legacy NR carrier simultaneously, meanwhile minimizing both UL resource fragmentation and DL resource fragmentation.
Conclusion
Based on the analyses and discussions on SBFD, following observations and proposals are given:
Observation 1. DCI schedule UL/DL to change the whole symbol into UL-only or DL-only in a symbol configured as flexible in TDD-UL-DL-ConfigCommon cannot work.
Observation 2. The resource allocation in time domain for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols can be postponed until there are sufficient driving.
Observation 3. The power domain for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols can be postponed until there are sufficient driving from the CLI.
Observation 4. The spatial domain for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols can be postponed until there are sufficient driving from the CLI.
Observation 5. In co-channel co-existence case of legacy UE/gNB and SBFD, there is no impact to the legacy gNB, but impact to legacy UE. CLI mitigation scheme for aggressor SBFD UEs should be studied.
Observation 6. Both for R18 duplex operation enhancement and R17 RedCap, to achieve good co-existence performance with legacy network/UE, the bandwidth part location needs to be carefully designed.
Observation 7. DL resource fragmentation caused by NR duplex operation may not be friendly to legacy UEs from UE power consumption perspective.

Proposal 1. Regarding the informing method of time locations of subbands for SBFD operation, new signalling is a proper choice.
Proposal 2. The slot configuration period of tdd-UL-DL-ConfigurationCommon can be used as the period of SBFD time domain location, including slot configuration period in pattern1 and pattern2 (if any).
Proposal 3. Both of Cell-common and UE-specific subband time location indication can be study further. 
Proposal 4. At least slot level can be study for SBFD time location, including continuous and discontinuous slots in the period.
Proposal 5. Regarding the informing method of frequency locations of subbands for SBFD operation, it can be configured relative to CRB0 and length of continuous CRB number.
Proposal 6. The cell-common explicit indication of frequency location of UL/DL subband(s) are the baseline for study, and guard bands locations are not included in any of DL and UL subbands.
Proposal 7. Support Option 1 for SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon.
Proposal 8. We suggest not support SBFD operation in SSB symbols.
Proposal 9. For CSI-RS, UE-to-UE CLI-RSSI resource and PDSCH resource set frequency domain resource allocation across non-contiguous DL subbands, the following options can be further studied
· Option 1: One contiguous frequency domain resource allocation for CSI-RS/UE-to-UE CLI-RSSI resource/PDSCH which the resources overlapping with UL subband or guardband are blank out.
· Option 2: There are two separate frequency domain resource allocations for a CSI-RS/UE-to-UE CLI-RSSI resource/PDSCH if there are two DL subbands. 
Proposal 10. For the enhancements to RBG/PRG/CSI subband resource allocation granularity in frequency-domain for SBFD operation, the following options can be further studied.
· Option 1: One implementation method is the resource group in RBG/PRG/CSI subband overlapping with UL subband/DL subband cannot be indicated for PUSCH/PDSCH transmission or CSI-RS within SBFD symbols. 
· Option 2: legacy contiguous frequency resources for RBG/PRG/CSI subband are unchanged, with the resources overlapping with different link direction subband or guardband are blank out. 
· Option 3: frequency resources for RBG/PRG/CSI subband are changed, with only the valid resources non-overlapping with different link direction subband or guardband. 
Proposal 11. PUCCH/PUSCH/PDSCH/PDCCH cannot be mapped to SBFD and non-SBFD regions in the same slot.
Proposal 12. Scheduled PUSCH/PDSCH/PUCCH without repetition do not need to study the impact when crossing SBFD and non-SBFD symbols, it can be guaranteed by scheduling.
Proposal 13. PDCCH does not need to study the impact when crossing SBFD and non-SBFD symbols, it can be guaranteed by PDCCH monitoring occasion and CORESET configuration.
Proposal 14. Different frequency resources can be used in SBFD and non-SBFD regions, for PDSCH/PUSCH/PUCCH with repetition/TBoMS PUSCH/Multi-slot PUSCH&PDSCH and all configured transmission and receptions.
Proposal 15. For collision between dynamic UL transmissions and dynamic DL receptions, it can treated as an error case
Proposal 16. Before to study collision between UL transmissions and DL receptions, it needs to align the understanding of UE assumption of link direction:
· Alt 1: UE can use either DL or UL subband in a SBFD symbol, depends on DL reception or UL transmission.
· Alt 2: UE can only use one subband direction of a symbol through configuration signalling.
Proposal 17. Victim UE measures CLI within DL subband for UE-to-UE inter-subband CLI handling.
Proposal 18. Subband-level information can be considered for gNB-to-gNB’s information exchange.
Proposal 19. Victim gNB measures CLI within UL subband for gNB-to-gNB inter-subband CLI handling.
Proposal 20. In addition to Alt 4, Alt 2 can be further studied for SBFD operation.
· UE does not aware of any SBFD information on time and frequency domain.
Proposal 21. The introduction of SBFD operation should study co-existence performance with the legacy NR operation including RedCap deployment, which allow network to configure SBFD and RedCap BWP in a legacy NR carrier simultaneously, meanwhile minimizing both UL resource fragmentation and DL resource fragmentation.
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