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[bookmark: _Ref521334010]Introduction
For Rel-18 NR duplex evolution, the followings were agreed in last meeting for subband non-overlapping full duplex [1].
	Agreement
Study the following alternatives with Alt 4 prioritized, for SBFD operation at least for RRC_CONNECTED state.
· SBFD operation Alt 1:
· Time and frequency locations of subbands for SBFD operation are not known to UEs. 
· UE behaviors follow existing specifications without introducing new UE behaviors for SBFD operation at gNB side.
· SBFD operation Alt 2:
· Time and frequency locations of subbands for SBFD operation are not known to UEs. 
· UE behaviors for non-SBFD aware UEs follow existing specifications.
· From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs
· SBFD operation Alt 3:
· Only time location of subbands for SBFD operation is 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 location of subbands for SBFD operation 
· 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.
UE capability discussion is held in work item phase.
Agreement
For indication of subband locations for SBFD operation, study semi-static configuration of subband time and frequency location as baseline.
Agreement
For semi-static configuration of subband location, consider same subband frequency resources across different SBFD symbols as baseline.
Working Assumption
For SBFD operation within a TDD carrier, study SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies as baseline. 
· FFS feasibility and potential benefit of SBFD scheme within a single configured DL and UL BWP pair with unaligned center frequencies
· FFS feasibility and potential benefit of SBFD scheme with more than one configured DL and UL BWP pair with aligned/unaligned center frequencies for a DL and UL BWP pair
Proposed Agreement:
For SBFD operation Alt 4, for an SBFD aware UE configured with an UL subband in an SBFD symbol, study the following options:
· Option 1: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband or to be scheduled with DL reception within the UL subband in the SBFD symbol
· Option 2: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband and may be scheduled with DL reception within the UL subband in the SBFD symbol
· Option 3: The SBFD aware UE does not expect to be scheduled with DL reception within the UL subband and may be scheduled with UL transmission outside the UL subband in the SBFD symbol
· Option 4: The SBFD aware UE may be scheduled with UL transmission outside the UL subband or DL reception within the UL subband in the SBFD symbol
Proposed Agreement:
Study the feasibility and potential benefit of UE-to-UE co-channel CLI measurement and reporting, which can be specific for SBFD, at least includes:
· Measurement resource/reporting configuration
· Measurement/reporting details (including UE processing delay)
· Relevant information exchange (between gNBs) if needed
· Usage of measurement at gNB
Note: other enhancement(s) for gNB-to-gNB and UE-to-UE CLI handling specific for SBFD are not precluded.


In this contribution, we further discuss subband non-overlapping full duplex based on the above agreements.
Discussion
General aspects of SBFD schemes
Framework
Subband location indication
Four alternatives were agreed to be studied for SBFD operation at least for RRC_CONNECTED state with Alt 4 prioritized. From the perspective of specification impact, Alt 4 will introduce more changes. For the other three alternatives, either no change is needed, or the needed change is similar to some of the changes required by Alt 4. Therefore in this contribution we mainly discuss SBFD operation Alt 4.
SBFD operation is performed from gNB perspective and the frequency resources in SBFD symbols are divided into UL and DL. It is straightforward that the subband time and frequency location are common for all SBFD aware UEs, hence cell-common indication of subband locations for SBFD should be studied as baseline.	
Proposal 1: For indication of subband locations for SBFD operation, study cell-common subband time and frequency location as baseline.
It was agreed in last meeting that semi-static configuration of subband time and frequency location should be studied as baseline. Then for semi-static cell-common subband location, it is natural to consider indication in SIB. We first discuss how to indicate time and frequency locations of UL subband for SBFD operation.
The time locations of UL subband for SBFD operation indicated in SIB are expected to be periodic and the periodicity can be explicitly configured or implicitly determined based on the periodicity of SSB or TDD UL-DL configuration. The slots/symbols of UL subband within the periodicity are indicated to SBFD aware UEs.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]It was agreed that a SBFD subband consists of 1 RB or a set of consecutive RBs for the same transmission direction. For frequency location of UL subband for SBFD operation, a starting RB and a number of RBs of the UL subband need to be indicated. For indication in SIB, the starting RB should be indicated with reference to common RB, e.g. CRB 0 or RB indicated by offsetToCarrier. As an example shown in Figure 1, frequency location of UL subband within a carrier is indicated in SIB with reference to the RB 0 indicated by offsetToCarrier. Then based on the frequency location of UL subband with the carrier and the frequency location of UL BWP with the carrier, UE can determine the frequency location of UL subband within each UL BWP without any additional signaling. 


[bookmark: _Ref115276483]Figure 1:  UL subband indication with reference to a carrier
Proposal 2: For SBFD operation within a single DL BWP and UL BWP pair, UL subband location indication in SIB can be supported.
· Frequency location of UL subband, if supported in SIB, is with reference to a common RB
· Time location of UL subband, if supported in SIB, is periodic and the periodicity can be explicitly configured or implicitly determined based on the periodicity of SSB or TDD UL-DL configuration
The frequency location of DL subband can be explicitly indicated or implicitly derived based on frequency location of UL subband and guard band information. The signaling overhead of the implicit approach seems to be smaller. 
Similarly, the time location of DL subband can be explicitly indicated or implicitly derived based on time location of UL subband. Flexible symbols are usually used as GP between DL and UL symbols in current network, considering that there is not need to change transmission direction between SBFD symbols and full UL symbols, UL subband may be configured in the flexible symbols. If UL subband in flexible symbols is supported, separate indication or additional rules may be needed to determine time location of DL subband at least in these symbols. 
Proposal 3: FFS whether time and frequency locations of DL subband for SBFD operation are explicitly indicated or implicitly derived based on time and frequency locations of UL subband and guard band information.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]
Link direction conflict between subband and transmission 
For SBFD operation Alt 4, it was agreed to study the following options for an SBFD aware UE configured with an UL subband in an SBFD symbol:
· Option 1: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband or to be scheduled with DL reception within the UL subband in the SBFD symbol
· Option 2: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband and may be scheduled with DL reception within the UL subband in the SBFD symbol
· Option 3: The SBFD aware UE does not expect to be scheduled with DL reception within the UL subband and may be scheduled with UL transmission outside the UL subband in the SBFD symbol
· Option 4: The SBFD aware UE may be scheduled with UL transmission outside the UL subband or DL reception within the UL subband in the SBFD symbol
Assuming the size and location of subbands in an SBFD symbol is indicated to a UE, if both DL transmissions in an UL subband and UL transmissions in a DL subband are allowed, it seems that the time and frequency locations of subbands do not provide useful information to SBFD aware UEs and it is not clear what SBFD aware UEs can do by knowing the time and frequency locations of subbands. 
If transmission in an opposite direction is not allowed in both DL and UL subbands, SBFD capable UEs neither transmit UL in DL subband nor receive DL in UL subband and enhancements on resource allocation and collision handling can be considered at UE side assuming an UL subband is for UL transmissions only and a DL subband is for DL receptions only. Intra-subband CLI can be avoided by aligning the subband configurations across different cells. Otherwise, transmission in an opposite direction is allowed in DL subband or UL subband, which can be viewed as further enhancements for better scheduling flexibility. However, intra-subband CLI would occur and enhancements on resource allocation and collision handling assuming an UL subband is for UL transmissions only and a DL subband is for DL receptions only cannot be achieved. It is proposed to consider the case that only UL transmissions are allowed in UL subband and only DL transmissions are allowed in DL subband as baseline.
Then for dynamic transmission, gNB should avoid scheduling DL in UL subband or UL in DL subband, i.e. option 1 for dynamic transmissions.
However, for semi-static transmissions and repetitions other than the first repetition,  gNB may not be able to avoid the confliction. To avoid receiving DL transmission in UL subband and transmitting UL in DL subband, the SBFD aware UE should skip the UL transmissions outside the UL subband and DL receptions within the UL subband in the SBFD symbol.
Observation 1: For semi-static transmission and repetitions other than the first repetition, gNB may not be able to avoid indication of UL transmission in DL subband or DL reception in UL subband.
Proposal 4: For SBFD operation Alt 4, study option 1 as baseline for SBFD aware UEs with the following update.
· Option 1: The SBFD aware UE does not transmit UL outside the UL subband or receive DL within the UL subband in the SBFD symbol.

SBFD operation within a carrier
The following was agreed as WA for SBFD operation.
	Working Assumption
For SBFD operation within a TDD carrier, study SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies as baseline. 
· FFS feasibility and potential benefit of SBFD scheme within a single configured DL and UL BWP pair with unaligned center frequencies
· FFS feasibility and potential benefit of SBFD scheme with more than one configured DL and UL BWP pair with aligned/unaligned center frequencies for a DL and UL BWP pair


For SBFD operation within a TDD carrier, SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies is illustrated in Figure 2, which was called RB-set based SBFD operation in previous discussions. In this case, UE does not necessarily need to support multiple BWPs to enable SBFD operation and the switching time between DL and UL BWP is kept unchanged as in current specifications, hence no additional UE capability is needed. 


[bookmark: _Ref114956590][bookmark: _Ref115279151]Figure 2: SBFD scheme in a single configured DL and UL BWP pair with aligned center frequency
In Figure 3, SBFD scheme within a single configured DL and UL BWP pair with unaligned center frequencies is illustrated. In this example, there is no full DL symbol and a smaller DL BWP compared with UL BWP is configured. Given the unaligned center frequencies between DL and UL BWP pair, shorter BWP switching delay needs to be considered. This case is configuration dependent and a larger DL BWP with aligned center frequency as UL BWP can be configured instead.


[bookmark: _Ref115365973]Figure 3: SBFD scheme in a single configured DL and UL BWP pair with unaligned center frequency
For SBFD operation with more than one configured DL and UL BWP, the following options were given in last meeting [3], which were called BWP based SBFD operation in previous discussions.
· Option 1: SBFD operation with more than one configured DL and UL BWP pair with aligned center frequencies for a DL and UL BWP pair.
· Option 2: SBFD operation with more than one configured DL and UL BWP pair with unaligned center frequencies for a DL and UL BWP pair.

   
[bookmark: _Ref111121396]Figure 4: SBFD with more than one configured DL and UL BWP pair with aligned center frequencies for a DL and UL BWP pair
As an example of Option 1 shown in Figure 4, three subbands are configured as three BWP pairs with aligned center frequency for each BWP pair. With this option, more than one configured DL and UL BWP pair with aligned center frequency for a DL and UL BWP pair should be supported by UE. To support dynamic change between these BWP pairs, BWP switching delay is a critical problem of this scheme and it is expected that shorter BWP switching delay or multiple active BWP pairs need to be supported. This option may potentially limit the UE throughput due to smaller BWP size in full DL/UL slot, but it is possible to configure a fourth DL and UL BWP pair with same bandwidth as the carrier bandwidth, to avoid the decrease of UE throughput.


[bookmark: _Ref115440983]Figure 5: SBFD with more than one configured DL and UL BWP pair with unaligned center frequencies for a DL and UL BWP pair
As an example of Option 2 shown in Figure 5, two BWP pairs with unaligned centre frequency for DL and UL BWP pair 2 are configured for a UE. DL/UL BWP pair 1 can only be used in slot n+4. In slot n/n+1/n+2/n+3, DL and UL BWP pair 2 is used. With this option, more than one configured DL and UL BWP pair with unaligned center frequency for a DL and UL BWP pair should be supported by UE. The problem of this option is similar as option 1, dynamic changing between BWP pair is a critical issue, which should be further studied.
Compared with SBFD operation within a single configured DL and UL BWP pair, SBFD operation with more than one configured DL and UL BWP pair increases the UE complexity significantly since it requires UE to support multiple BWP pairs and potentially shorter BWP switching delay. For SBFD operation within a single configured DL and UL BWP pair with unaligned center frequencies, UE should be enhanced to support shorter BWP switching delay. Therefore, it is proposed to prioritize SBFD operation within a single configured DL and UL BWP pair with aligned center frequencies.
Observation 2: The following prerequisite are observed for SBFD scheme with more than one configured DL and UL BWP pair:
· Multiple BWP pairs should be supported by SBFD aware UEs.
· Shorter BWP switching delay or multiple active BWP pairs should be supported by SBFD aware UEs to reduce the interruption time.
· Potential UE throughput limitation for SBFD capable UE in full DL/UL slot.
Proposal 5: Confirm the following working assumption in RAN1#110.
For SBFD operation within a TDD carrier, study SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies as baseline. 
· FFS feasibility and potential benefit of SBFD scheme within a single configured DL and UL BWP pair with unaligned center frequencies
· FFS feasibility and potential benefit of SBFD scheme with more than one configured DL and UL BWP pair with aligned/unaligned center frequencies for a DL and UL BWP pair

Resource allocation
It was agreed to study the impact/potential enhancements of resource allocation in symbols with subbands that gNB would use for SBFD operation. We provide our analysis below considering the presence of UL subband in legacy DL symbol based on RB-set based SBFD operation as discussed in section 2.1.1.
PDSCH
With the presence of UL subband in legacy DL symbols, there are potential scheduling restrictions to avoid PDSCH to be overlapped with UL subband/guardband. As an example shown in Figure 6, when the subband/guardband boundary is not aligned with RBG boundary, an RBG may include RBs for DL and RBs for UL/guardband. To avoid PDSCH to be overlapped with UL subband and guardband, the RBG cannot be assigned for PDSCH with RA type 0 leading to waste of RB resource.


[bookmark: _Ref110613471]Figure 6: unaligned boundary between RBG and subband
For PDSCH RA type 1, for non-interleaved VRB-to-PRB mapping, only consecutive PRBs can be assigned for a PDSCH. If the DL frequency resources are segmented into two parts by an UL subband, a PDSCH can only be allocated within one DL subband to avoid overlapping with UL subband and guardband, which limits the DL throughput for a UE. For interleaved VRB-to-PRB mapping, there would be limitation/difficulty in RB allocation to avoid mapping the consecutive VRBs to PRBs in UL subband or guard band.
Note that the above issues for PDSCH resource allocation cannot be resolved by configuring rate matching resource since a UE is not expected to handle the case where PDSCH DMRS REs are overlapping with rate matching resources according to current specification.
For Alt 1, 2 and 3, no enhancements for SBFD capable UEs can be achieved given that UE does not know the frequency location of subbands. For Alt 4, if DL transmission in UL subband are not allowed, new UE behaviors can be defined for SBFD capable UEs to rate match PDSCH including DMRS around UL subband and guard band. If DL transmissions in UL subband are allowed, additional indication is needed for UE to determine whether to rate match PDSCH including DMRS around UL subband.
Proposal 6: Study assignment of fractional RBGs at subband boundaries for PDSCH with RA type 0.
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Proposal 7: Study non-contiguous FDRA across DL subbands for PDSCH with RA type 1.

PUSCH
Similar as PDSCH, there are potential scheduling restrictions to avoid PUSCH to be overlapped with DL subband/guardband. For PUSCH RA type 0, same issue as shown in Figure 6 exists when the UL subband boundary is not aligned with RBG boundary. For PUSCH RA type 1, there would be limitation for PUSCH frequency hopping to avoid the case that the second hop is out of UL subband.
For Alt 1, 2 and 3, no enhancements for SBFD capable UEs can be achieved given that UE does not know the frequency location of subbands. For Alt 4, UE can derive the RBs for PUSCH within the UL subband. To be more specific, for a RBG including RBs within UL subband and without UL subband, only RBs within UL subband are included. For PUSCH FH, the RBs for the second hop is determined based on the UL subband so that the second hop is always within the UL subband.
Proposal 8: Study assignment of fractional RBGs at subband boundaries for PUSCH with RA type 0.
Proposal 9: Study frequency hopping for PUSCH due to different available frequency resources in SBFD symbols and non-SBFD symbols for PUSCH.

Slot aggregation
For slot aggregation across SBFD slot and full UL/DL slot, the available resources for PDSCH/PUSCH may vary across slots as shown in Figure 7. There would be scheduling/configuration restrictions to avoid PDSCH in all the aggregated slots to be overlapped with UL subband and/or to avoid PUSCH in all the aggregated slots to be overlapped with DL subband.


[bookmark: _Ref111035987]Figure 7: Restriction for slot aggregation
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For Alt 1, 2 and 3, no enhancements for SBFD capable UEs can be achieved given that UE does not know the frequency location of subbands. For Alt 4, UE can independently determine the available resources in each slot based on the subband location.
Proposal 10: Study FDRA for DL and UL due to different available frequency resources in SBFD symbols and non-SBFD symbols for PDSCH/PUSCH/PUCCH with repetition.
.
PUCCH
For PUCCH resource allocation, if UE cannot distinguish SBFD slot and full UL slot, the PUCCH configuration needs to consider both SBFD slot and full UL slot in one PUCCH resource set, which would degrade the flexibility in PUCCH resource allocation. 
One possible enhancement is to increase the number of PUCCH resources within a PUCCH resource set, but it would increase the DCI overhead with larger PRI bit field. Alternatively, separate PUCCH configurations for SBFD symbols and UL symbols can be considered, which is applicable to Alt 3 and Alt 4 but not applicable to Alt 1 and Alt 2.
Proposal 11: For PUCCH, study separate/shared configurations for transmissions/receptions in SBFD symbols and non-SBFD symbols.

CSI-RS and CSI reporting
It is not allowed to configure non-contiguous CSI-RS in frequency domain for one CSI report according to current specification. With an UL subband in the inner part of a BWP, more than one CSI report should be configured for UE to get CSI for different DL subbands. Configure multiple CSI reports for different DL subbands would increase the limitation for CSI report configuration if the total number of CSI reports is not increased for a UE. 
In addition, the subband boundary for CSI reporting may not be aligned with DL subband boundary so that the CSI report for the CSI subband at the edge of DL subband(s) may be not accurate.
For Alt 1, 2 and 3, no enhancements for SBFD capable UEs can be achieved given that UE does not know the frequency location of subbands. For Alt 4, UE can derive the CSI-RS within DL subband based on the subband location.
Proposal 12: Study non-contiguous FDRA across DL subbands for CSI-RS.
Proposal 13: Study CSI report for fractional CSI report subband at DL subband boundaries.

SRS
For SRS resource configuration, at most two SRS resource sets can be configured with usage set to 'codebook' in current specification, and each resource set corresponds to one TRP. In addition, power control parameters are configured for each SRS resource set. 
For SBFD, interference in SBFD symbol and full UL symbol may be different, hence the channel condition is different and different power may be needed for SRS in SBFD symbol and full UL symbol. It is beneficial that different SRS resource sets can be configured for SBFD symbols and UL symbols.
For Alt 1 and 2, no enhancements for SBFD capable UEs can be achieved given that UE does not know the time location of subbands. For Alt 3 and 4, enhancements can be considered, e.g. separate SRS resource configurations for SBFD symbols and UL symbols.
Proposal 14: Study separate SRS resource configurations for SBFD symbols and non-SBFD symbols..

In summary, there are many restrictions in terms of resource allocation if subband location is not known to UEs. With knowledge of time location of subbands, some enhancements can be considered by differentiating SBFD symbols and non-SBFD symbols. With knowledge of both time and frequency location of subbands, further enhancements can be considered in frequency domain which achieves better scheduling flexibility and resource utilization.
[bookmark: OLE_LINK7]Observation 3: There are many restrictions in terms of resource allocation if subband location is not known to UEs.

Collision handling
For SBFD operation, half-duplex operation is assumed at UE side hence the UE behavior for collision handling between DL reception and UL transmission should be discussed.
Collision between RO and DL reception
For SBFD operation, we need to discuss whether SBFD operation in PRACH symbols is supported, e.g. PRACH transmissions in UL subband in legacy DL symbols.
[bookmark: OLE_LINK15][bookmark: OLE_LINK22]It was discussed in [4] that whether UE should receive DL or transmit PRACH when the DL overlaps with valid RO. There was no consensus and it is not a critical issue in static TDD since PRACH is expected to be configured in semi-static UL symbols. However, the uncertainty of the UE behaviour means that SBFD operation in PRACH symbols are not feasible at least for Alt 1. For other alternatives, new UE behaviors can be introduced for SBFD capable UEs to support DL reception in PRACH symbols.
Observation 4: PRACH in SBFD symbols is not feasible at least for Alt 1.
Proposal 15: Discuss whether PRACH in SBFD symbols is supported.

Collision between SSB and UL reception
For SBFD operation, we need to discuss whether SBFD operation in SSB symbols is supported. If it is supported, more UL resources can be provided to reduce the UL latency and improve UL coverage. Meanwhile, it would require UE to transmit UL in SSB symbols and the measurement accuracy of SSB may be negatively impacted due to inter-subband CLI.
UE is not expected to transmit UL in SSB symbols according to the current specification, since the SSB is not only used for initial access, but may also be used for BFR or RLF so that UE may need to measure SSB from time to time. So SBFD operation in SSB symbols is not feasible at least for Alt 1. For other alternatives, if SBFD operation in SSB symbols is supported, new UE behaviors can be introduced for SBFD capable UEs to support UL transmission in SSB symbols.
Observation 5: SBFD operation in SSB symbols is not feasible at least for Alt 1.
Proposal 16: Discuss whether SBFD operation in SSB symbols is supported.

Collision between UL transmission and DL reception
For Alt 1, existing rules are reused for collision handling between DL and UL. For other alternatives, potential new rules for collision handling between DL and UL can be further considered. In general, there are two possible schemes to determine the transmission direction:
· Option 1: Based on predefined rules
· Option 2: Based on gNB indication
For option 1, the existing rules for conflict resolution in flexible symbols can be reused, we are also open to consider enhanced collisions rules for SBFD aware UEs to better support SBFD operation. For option 2, the transmission direction can be indicated to UE by RRC or DCI. For example, reuse TDD-UL-DL-ConfigDedicated or dynamic SFI signalling to indicated the UE transmission direction in SBFD symbols, the detailed signalling design can be further studied.
Proposal 17: For collision between UL transmission and DL reception, study potential enhancements for determining the transmission direction.
Initial access
Initial access in UL subband was proposed and briefly discussed in previous meetings. There are potential benefits in terms of latency and performance if initial access in UL subband is supported.
PRACH in UL subband
As discussed in section 2.1.3, SBFD operation in PRACH symbols are not feasible at least for Alt 1. For other alternatives, new UE behaviors can be introduced for SBFD aware UEs to support DL reception in PRACH symbols. 
For SBFD aware UEs, separate RO can be configured in UL subband of SBFD symbols, this helps reducing the intial access time and reducing fragmentation of uplink resources in full UL symbols. In addition, PUSCH is not transmitted in valid RO resources, and the chance of PRACH transmission in RO is low, supporting RO in UL subband may help to reduce inter-subband interference. Hence, it is proposed to study PRACH in UL subband.
Msg3 PUSCH and PUCCH transmission in initial access
If time and frequency locations of subbands are not known to UEs before initial access, there are potential issues for Msg3 PUSCH frequency hopping and PUCCH transmission within the UL subband. As shown in Figure 8, the frequency resource of the second hop determined based on initial UL BWP may be located out of UL subband. In this case, gNB has to disable frequency hopping which may degrade the performance of Msg 3 PUSCH. For PUCCH transmission before UE has dedicated PUCCH resource configuration, the PUCCH resource determined based on intial UL BWP may be out of UL subband.
For SBFD aware UEs, it is possibe to define new UE behaviors to enable msg3 PUSCH hopping in UL subband and support PUCCH transmission before UE has dedicated PUCCH resource configuration in UL subband. For example, if the UL subband frequency resources is indicated to UE, the msg3 PUSCH hopping can be confined in UL subband based on the bandwidth of UL subband, PUCCH transmission before UE has dedicated PUCCH resource configuration can also be confined within UL subband based on the bandwidth of UL subband.


[bookmark: _Ref111128251]Figure 8: Issues of Msg3 PUSCH frequency hopping and PUCCH transmission in initial access
Observation 6: RBs for Msg 3 PUSCH and PUCCH during initial access may be located outside UL subband if time and frequency location of UL subband is not known to the UE.
Proposal 18: Study potential enhancements for initial access in UL subband.
Feasibility of SBFD operation
For SBFD, new interference scenarios compared with semi-static/dynamic/flexible TDD are introduced, including self-interference (SI), inter-subband CLI and potentially intra-subband CLI, which may impact the feasibility and benefit of SBFD.
Although DL and UL transmissions are separated on different subbands, there would be strong self-interference due to large reception power at gNB side. For the gNB self-interference modelling, there was a preliminary agreement in RAN4 that the target is 1dB sensitivity degradation [5]. Hence, the self-interference can be computed as noise floor + noise figure - 6 dB. We provided preliminary analysis on RSIC (Ratio of gNB self-interference cancellation) requirement and the gap between the received power of self-interference and the existing BS in-band blocking requirement for FR1 in Table 1.
[bookmark: _Ref115266066]Table 1: Required isolation to avoid in-band blocking and RSIC requirement (FR1)
	Parameter
	Value

	
	Indoor office
	Urban Macro

	BS transmit power (dBm)
	24
	53

	Tx antenna gain (dBi)
	0
	8

	Rx antenna gain (dBi)
	0
	8

	BS in-band blocking requirement (dBm)
*assuming existing RF requirement
	-35
	-43

	Required isolation to avoid blocking
	59 dB
	112 dB

	Carrier bandwidth
	100MHz

	BS receiver noise figure
	5dB

	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Rx self-interference power (dBm)
(1dB desens)
	-95

	RSIC requirement 
(1dB desens)
	119 dB
	164 dB



It is observed that self-interference would lead to BS in-band blocking without self-interference mitigation. Therefore, solutions including spatial isolation, digital domain interference mitigation and analog domain interference mitigation are needed to avoid BS in-band blocking. 
According to the RAN4 LS, the range for value of RSIC with respect to each aspect requested is summarized in Table 2. It should be note that the feasibility of the values has not been concluded and the value ranges of the different parameters may be updated by RAN4.
[bookmark: _Ref115269035]Table 2: value range of RSIC
	Parameter
	FR1(Frequency Range 1)
	FR2(Frequency Range 2)

	Spatial isolation 
	50~80dBc
	80-120 dBc

	Frequency isolation
	45 dBc 
	22.5~30 dBc

	Beam nulling /isolation
	0~40 dBc
	0~40 dBc

	Digital IC 
	0~50 dBc
	0~50 dBc

	Overall RSIC capability 
	95 ~185 dBc
	102.5~ 205 dBc


Based on the values provided by RAN4, it can be seen that gNB self-interference cancellation capability can meet the requirement for less than 1dB densens.
Observation 7: The RSIC requirement based on 1dB sensitivity degradation due to self-interference can be met based on the values provided in RAN4 reply LS.
SBFD specific CLI handling
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]For SBFD operation, gNB self-interference and gNB-gNB and UE-UE inter-subband CLI handling schemes should be considered. 
gNB self-interference
[bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK5][bookmark: OLE_LINK6]gNB self-interference is specific for SBFD operation, the gNB transmission power in DL subband leaks to UL subband, which would impact UL performance. According to the discussion in previous meetings, self-interference can be handled mainly by implementation based schemes (spatial isolation, digital cancellation and RF domain mitigation). Enhancements in physical layer to suppress the self-interference by setting NTA,offset=0 to keep the orthogonality between DL and UL sub-carriers was proposed. For legacy TDD UE, a transition time is needed between UL symbols and DL symbols and it is achieved by NTA,offset which is larger than 0. If NTA,offset=0 is configured for legacy TDD UEs, it is not clear whether UE would perform Tx-Rx switching in last UL symbol or first DL symbol, it increases the gNB scheduling complexity. Hence, to ensure that legacy UEs could maintain the NTA,offset>0, two NTA,offset values can be applied for a SBFD aware UE in SBFD symbols and non-SBFD symbols. As shown in Figure 9, for a SBFD aware UE, NTA,offset=0 for SBFD symbols and NTA,offset>0 for non-SBFD symbols can be configured. Then, in UL subband of flexible symbols, a gap between UL subband and full UL symbol should be reserved to avoid the overlapping between different UL symbols.


[bookmark: _Ref114496653]Figure 9: Different NTA,offset values for SBFD symbols and non-SBFD symbols
Observation 8: If different NTA,offset values are supported for a SBFD aware UE in SBFD symbols and non-SBFD symbols, a gap should be reserved in UL subband of flexible symbols to avoid the overlapping between different UL symbols.
Proposal 19: Study NTA,offset=0 for SBFD symbols and NTA,offset>0 for non-SBFD symbols for SBFD aware UEs.
Inter-gNB and inter-UE CLI handling
In this agenda item, discussion focus on SBFD specific CLI handling schemes. Although some schemes are common for dynamic TDD and SBFD, there can be some SBFD specific aspects. From RAN1 perspective, the following CLI handling schemes can be considered.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]gNB-gNB inter-subband CLI handling
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]For gNB-gNB inter-subband CLI handling, CLI measurement and report between gNBs can be considered, this scheme is applicable to both dynamic TDD and SBFD case. Victim gNB can measure the interference power in UL subband due to aggressor gNB’s transmission in DL subband. In order to get more accurate measurement results, victim gNB should avoid transmitting in DL subband of CLI measurement symbols, this is specific for SBFD.
For CLI measurement RS, considering that gNB should measure interference in UL subband, and the interference is leaked from adjacent DL subband to UL subband. Victim gNB cannot distinguish the interfering RS sequence or RS position, only received interference power can be measured, hence there is no need to define specific CLI RS, victim gNB can measure on UL subband in symbols when aggressor gNB is transmitting data, control channel or CSI-RS. 
For gNB-gNB inter-subband CLI handling, there is no need to exchange SBFD subband configurations between gNBs in case gNBs have aligned subband configuration. However, gNB could exchange CLI measurement resources, planned transmission resources and beam related informationm to get more accurate measurements results. In addition, RSSI or SINR together with beam information can be used for CLI report, then gNB could adjust the beam to reduce the interference between gNBs.
Observation 9: For gNB-gNB inter-subband CLI measurement of SBFD operation, there is no need to define dedicated CLI RS.
Proposal 20: For gNB-gNB inter-subband CLI measurement, study reserve resources in DL subband for CLI measurement in UL subband.
Proposal 21: Further study the following information exchange between gNBs:
· CLI measurement resources
· planned transmission resources
· beam related informationm
· RSSI or SINR (together with beam information).

UE-UE inter-subband CLI handling
For UE-to-UE co-channel CLI measurement and reporting, the following were agreed in last meeting.  
	Proposed Agreement:
Study the feasibility and potential benefit of UE-to-UE co-channel CLI measurement and reporting, which can be specific for SBFD, at least includes:
· Measurement resource/reporting configuration
· Measurement/reporting details (including UE processing delay)
· Relevant information exchange (between gNBs) if needed
· Usage of measurement at gNB
Note: other enhancement(s) for gNB-to-gNB and UE-to-UE CLI handling specific for SBFD are not precluded.



For UE-UE inter-subband CLI measurement, victim UE can measure the interference power in DL subband due to aggressor UE’s transmission in UL subband. UE should measure received interference power, hence there is no need to define specific CLI RS.
For SBFD specific CLI report, SRS-RSRP cannot be reused for CLI report since UE should measure inter-subband interference in DL subband, and the interference is leaked from adjacent UL subband instead of same RE resources. For SBFD, UE could use RSSI or SINR for CLI report, e.g. as a new CSI reportQuantity in CSI report.
Based on the UE reported information, gNB could adjust the UE resource allocation or perform power control to reduce the interference, for example, gNB could avoid to allocating different transmission directions to aggressor UEs if the interference is high, or reduce the  aggressor UE’s transmission power.
Observation 10: For UE-UE inter-subband CLI measurement of SBFD operation, there is no need to define dedicated CLI RS.
Proposal 22: RSSI or SINR can be included in the SBFD specific CLI report.
Conclusion
In this contribution, we discuss subband non-overlapping full duplex and give the following observations and proposals.
Observation 1: For semi-static transmission and repetitions other than the first repetition, gNB may not be able to avoid indication of UL transmission in DL subband or DL reception in UL subband.
Observation 2: The following prerequisite are observed for SBFD scheme with more than one configured DL and UL BWP:
· Multiple BWPs should be supported by SBFD aware UEs.
· Shorter BWP switching delay or multiple active BWPs should be supported by SBFD aware UEs to reduce the interruption time.
· Potential UE throughput limitation for SBFD capable UE in full DL/UL slot.
Observation 3: There are many restrictions in terms of resource allocation if subband location is not known to UEs.
Observation 4: PRACH in SBFD symbols is not feasible at least for Alt 1.
Observation 5: SBFD operation in SSB symbols is not feasible at least for Alt 1.
Observation 6: RBs for Msg 3 PUSCH and PUCCH during initial access may be located outside UL subband if time and frequency location of UL subband is not known to the UE.
Observation 7: The RSIC requirement based on 1dB sensitivity degradation due to self-interference can be met based on the values provided in RAN4 reply LS.
Observation 8: If different NTA,offset values are supported for a SBFD aware UE in SBFD symbols and non-SBFD symbols, a gap should be reserved in UL subband of flexible symbols to avoid the overlapping between different UL symbols.
Observation 9: For gNB-gNB inter-subband CLI measurement of SBFD operation, there is no need to define dedicated CLI RS.
Observation 10: For UE-UE inter-subband CLI measurement of SBFD operation, there is no need to define dedicated CLI RS.
Proposal 1: For indication of subband locations for SBFD operation, study cell-common subband time and frequency location as baseline.
Proposal 2: For SBFD operation within a single DL BWP and UL BWP pair, UL subband location indication in SIB can be supported.
· Frequency location of UL subband, if supported in SIB, is with reference to a common RB
· Time location of UL subband, if supported in SIB, is periodic and the periodicity can be explicitly configured or implicitly determined based on the periodicity of SSB or TDD UL-DL configuration
Proposal 3: FFS whether time and frequency locations of DL subband for SBFD operation are explicitly indicated or implicitly derived based on time and frequency locations of UL subband and guard band information.
Proposal 4: For SBFD operation Alt 4, study option 1 as baseline for SBFD aware UEs with the following update.
· Option 1: The SBFD aware UE does not transmit UL outside the UL subband or receive DL within the UL subband in the SBFD symbol.
Proposal 5: Confirm the following working assumption in RAN1#110.
For SBFD operation within a TDD carrier, study SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies as baseline. 
· FFS feasibility and potential benefit of SBFD scheme within a single configured DL and UL BWP pair with unaligned center frequencies
· FFS feasibility and potential benefit of SBFD scheme with more than one configured DL and UL BWP pair with aligned/unaligned center frequencies for a DL and UL BWP pair
Proposal 6: Study assignment of fractional RBGs at subband boundaries for PDSCH with RA type 0.
Proposal 7: Study non-contiguous FDRA across DL subbands for PDSCH with RA type 1.
Proposal 8: Study assignment of fractional RBGs at subband boundaries for PUSCH with RA type 0.
Proposal 9: Study frequency hopping for PUSCH due to different available frequency resources in SBFD symbols and non-SBFD symbols for PUSCH.
Proposal 10: Study FDRA for DL and UL due to different available frequency resources in SBFD symbols and non-SBFD symbols for PDSCH/PUSCH/PUCCH with repetition.
Proposal 11: For PUCCH, study separate/shared configurations for transmissions/receptions in SBFD symbols and non-SBFD symbols.
Proposal 12: Study non-contiguous FDRA across DL subbands for CSI-RS.
Proposal 13: Study CSI report for fractional CSI report subband at DL subband boundaries.
Proposal 14: Study separate SRS resource configurations for SBFD symbols and non-SBFD symbols..
Proposal 15: Discuss whether PRACH in SBFD symbols is supported.
Proposal 16: Discuss whether SBFD operation in SSB symbols is supported.
Proposal 17: For collision between UL transmission and DL reception, study potential enhancements for determining the transmission direction.
Proposal 18: Study potential enhancements for initial access in UL subband.
Proposal 19: Study NTA,offset=0 for SBFD symbols and NTA,offset>0 for non-SBFD symbols for SBFD aware UEs.
Proposal 20: For gNB-gNB inter-subband CLI measurement, study reserve resources in DL subband for CLI measurement in UL subband.
Proposal 21: Further study the following information exchange between gNBs:
· CLI measurement resources
· planned transmission resources
· beam related informationm
· RSSI or SINR (together with beam information).
Proposal 22: RSSI or SINR can be included in the SBFD specific CLI report.
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