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1. Introduction
At RAN#95-e meeting, revised SID on NR duplex operation enhancements was approved with the objective as follows [1]:
	The objective of this study is to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum.
In this study, the followings are assumed:
1. Duplex enhancement at the gNB side
1. Half duplex operation at the UE side
1. No restriction on frequency ranges
The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhance
· ement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).



At RAN1#110-e meeting, following agreements were achieved.
	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, possible solutions for subband non-overlapping full duplex and impact to legacy operation are discussed.
2. Discussions
2.1 DL/UL time and frequency resource allocation
In Rel-15/16, gNB can configure/indicate a symbol as “DL” or “UL” or “flexible”, via time domain slot format indication. In Rel-18, with subband non-overlapping full duplex (SBFD) at gNB, both DL subband(s) and UL subband(s) can be configured/indicatedon the same symbol. 

DL/UL subband frequency domain allocation
DL/UL subband frequency domain allocation was discussed in RN1#109-e meeting. The key point is what kinds of DL/UL subband pattern to be supported, e.g. number/location of DL and UL subbands. 
As discussed in companion contribution [2], a guard band with certain size between neighbouring DL subband and UL subband may be required. Too many DL and UL subbands on the same symbol will lead to more guard bands, which results in more reserved frequency resources for the guard bands and reduced resource utilization efficiency. Therefore, up to two or three DL and UL subbands in total for SBFD operation can be considered, e.g. one DL subband and one UL subband, or one DL subband and two UL subbands, or two DL subbands and one UL subband.
From inter-operator interference reduction perspective, total three subbands, e.g. UL/DL subband in the middle of DL/UL symbol with two edge subbands as shown in Fig.1, is beneficial, since the two edge subbands can act as guard band between the middle subband and carrier of neighbour operator. For example, for SBFD operation with UL subband in DL symbol as shown in Fig 1(a), the two DL subbands in the edge can act as guard band, in order to reduce interference to/from DL carriers of inter-operator. If SBFD operation with DL subband in UL symbol is supported, like example (b) in Fig 1, the two UL subbands in the edge can be regarded as guard band, in order to reduce interference to/from UL carriers of inter-operator. However, the two non-contiguous UL subbands will cause PAPR issue which requires further study. 

[image: 图片包含 图示

描述已自动生成]
Fig 1: Total three DL and UL subbands with two edge subbands as guard band

Proposal 1: 
· For SBFD operation with UL subband in semi-static DL/flexible symbol, study one UL subband in the midlle and two DL subbands in the edge. 
· If SBFD operation with DL subband in semi-static UL symbol is supported, the DL/UL subband frequency pattern needs further study.

DL/UL subband time domain location
As judged in the SID [1], SBFD operation with UL subband in DL/flexible symbol is beneficial for UL latency reduction (e.g. HARQ-ACK feedback latency, CSI feedback latency, PUSCH latency, etc.), UL throughput improvement and UL coverage enhancement. Therefore, SBFD operation with UL subband in DL/flexible symbol should be supported and prioritized for study.
Whether to support SBFD operation with DL subband in semi-static UL symbol was also discussed in RAN1#109-e. On one hand, in real deployment, TDD pattern is always configured with more “D” slots, i.e. more DL resource than UL resource. And DL coverage is not bottleneck compared to UL coverage. Therefore, SBFD operation with DL subband in semi-static UL symbol is not as necessary as SBFD operation with UL subband in semi-static DL symbol. On the other hand, as analyzed above, different DL/UL subband patterns may be needed for DL subband in semi-static UL symbol and for UL subband in semi-static DL symbol. And a probable DL/UL subband pattern for DL subband in semi-static UL symbol is “one DL subband in the middle, two UL subbands in the edge”. For this case, UE UL transmission with using non-contiguous UL subbands may bring PAPR issues, which is not good for UL performance. Therefore, careful study is needed for SBFD operation with DL subband in semi-static UL symbol, which means more workload for DL/UL subband pattern study. Therefore, SBFD operation with DL subband in semi-static UL symbol can be down-prioritized in Rel-18.

Proposal 2: 
· Study SBFD operation with UL subband in semi-static DL and flexible symbol in Rel-18.
· SBFD operation with DL subband in semi-static UL symbol can be down-prioritized in Rel-18.

SBFD operation mode

During RAN#110 meeting, SBFD operation mode was discussed, and an agreement was achieved to further study four alternatives. 

	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.



In our views, Alt 1 doesn’t need to be studied since Alt 1 doesn’t require any specification impact. 
Proponents of Alt 2 mainly want to address the concern that UE may be not capable of dynamic TDD operation. However, the “new UE behavior” proposed by Alt 2 proponents is nearly the same as “dynamic TDD behavior”, i.e. dynamic indication to override semi-static configured DL/UL direction.  In our understanding, the effect of R18 SBFD capability by Alt 2 is equal to Rel-15 dynamic TDD capability, which is meaningless.
Alt 3 introduces only time domain indication for SBFD. It also requires specification impact, but the benefit is smaller than Alt 4.
Alt 4 is beneficial for frequency domain resource allocation, semi-statically configured channel/signal reception/transmission, and UE filtering interference.

Proposal 3:
· Study Alt 4 (i.e. both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs) for SBFD operation.
· Not support Alt 2 and Alt 3 for SBFD operation.

SBFD within a carrier

At RAN#110 meeting, single BWP pair based and multiple-BWP pair based SBFD schemes within a carrier were discussed and a working assumption was made. 

	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



In our understanding, single BWP pair based SBFD should be baseline, since UE may not have the capability of supporting multiple BWP pairs. 
On whether to support multiple BWP pairs for SBFD, compared to SBFD based on single DL/UL BWP pair, the benefits lie in that legacy UE behavior within a BWP pair can be reused for multiple BWP pairs, and it is not necessary to indicate SBFD DL/UL subband allocation within a BWP pair. However, frequent BWP switching may be needed, which may cause some issues, e.g. large BWP switching latency, SPS/CG reception/transmission, etc. 
Regarding aligned or unaligned DL/UL center frequency for the single DL/UL BWP pair or multiple BWP pair based SBFD, we don’t think there is obvious motivation to modify the legacy requirement on aligned DL/UL BWP center frequency.

Proposal 4:
· Confirm the working assumption that SBFD scheme within a single configured DL and UL BWP pair with aligned center frequency as baseline.
· Study of SBFD scheme with more than one configured DL and UL BWP pair with aligned center frequencies for a DL and UL BWP pair should have lower priority.
· Down-prioritize study of DL and UL BWP pair with unaligned center frequencies.

Indication of DL/UL time and frequency resource allocation

How to indicate the DL/UL time and frequency resource allocation needs to be discussed. Two options can be considered for the configuration/indication of frequency domain D/U patterns for subband non-overlapping full duplex:
Option 1 is to consider enhancements based on existing time domain slot format indication. In this method, an additional frequency resource format pattern can be configured/indicated for a set of symbols/slots. One example is to indicate “D” or “U” for frequency domain resources, e.g. “D” for sub-band#1, “U” for sub-band#2, “D” for sub-band#3 for a set of slots (e.g. slots indicated as “flexible”). Another example is to indicate some frequency domain resources (e.g. sub-bands) as unavailable, e.g. for a symbol configured as “DL” by existing time domain slot format indication, a number of PRBs in the middle are indicated as unavailable. 
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Fig 2: Example of option 1 – enhancement based on existing slot format indication

Option 2 is to introduce new slot format indication signalling to indicate time and frequency domain resource allocation, e.g. 2-D slot format indication with both frequency and time domain resource indications. 
[image: 表格

低可信度描述已自动生成]
Fig 3: Example of option 2 - new slot format indication

Proposal 5: In order to indicate DL/UL time and frequency resource  allocation (including number of PRBs for UL/DL subband) for subband non-overlapping full duplex operation, enhancements based on existing slot format indication, or new slot format indication can be considered.

In RAN1#110 meeting, it was agreed that semi-static configuration of subband time and frequency location will be studied as baseline. Regarding whether to support dynamic indication of DL/UL subband allocation, we think it can be separately discussed for indication of subband frequency domain allocation and subband time domain location. Dynamic indication of DL/UL subband frequency domain allocation will make it more difficult for higher-layer configured channels/signals to avoid overlapping with unavailable frequency resources, and also more difficult for UE filtering interference. Therefore, dynamic indication of DL/UL subband frequency domain allocation is not preferred. Regarding dynamic indication of DL/UL subband time domain location, it can provide more flexibility for gNB to adjust SBFD symbol location according to timely DL/UL traffic characteristics, and also provide more flexibility to better avoid collision with certain signals/channels, e.g. SSB or other multi-cast/broadcast channels/signals. Therefore, dynamic indication of DL/UL subband time domain location should be studied.

Proposal 6:
· Study dynamic indication of DL/UL subband time domain allocation.
· NOT support dynamic indication of DL/UL subband frequency domain allocation.

Whether DL/UL reception/transmission within/outside UL subband

At RAN1#110 meeting, whether to allow DL/UL reception/transmission within/outside UL subband was discussed, with the following agreement.
	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



In our understanding, the issue can be discussed from two perspectives separately, i.e. whether to allow DL reception within UL subband in SBFD symbol, and whether to allow UL transmission outside UL subband in SBFD symbol. The first thing to be clarified is, DL and UL subbands should be used for DL reception and UL transmission respectively, which is the principle of legacy FDD/TDD or enhanced Rel-18 SBFD. 
According to proponents of allowing DL transmission in UL subband in SBFD symbol, the motivation lies in the flexibility that gNB can make use of the UL subband in SBFD symbol for DL or UL based on DL and traffic load. However, such flexibility can be achieved by not indicating the symbol as SBFD symbol if only DL reception is decided in the symbol. In other words, it can be achieved by dynamic indication of SBFD time domain location, instead of violating the principle that only DL reception in DL subband and only UL transmission in UL subband. Therefore, we don’t think DL reception in UL subband in SBFD symbol should be allowed.
Since UL transmission is not allowed in DL subband, whether to allow UL transmission outside UL subband in SBFD symbol depends on whether dynamic indication of DL/UL frequency domain resource allocation is supported. 
· If dynamic indication of DL/UL frequency domain allocation is not supported, i.e. the subband(s) outside UL subband should be DL, UL transmission outside UL subband in SBFD symbol is not supported.
· If dynamic indication of DL/UL frequency domain allocation is supported, i.e. the subband(s) outside UL subband is possible to be indicated as UL by explicit or implicit indication, UL transmission outside UL subband in SBFD symbol may be possible.
As discussed above, dynamic indication of DL/UL subband frequency domain resource allocation is not preferred to be supported. Therefore, UL transmission outside UL subband is not supported.

Proposal 7: 
· Support only DL reception in DL subband (i.e. not support UL transmission in DL subband), only UL transmission in UL subband (i.e. not support DL reception in UL subband).
· Not support UL transmission outside UL subband in SBFD symbol.

2.2 DL channel/signal reception and UL channel/signal transmission
In Re-15/16/17, UE transmission/reception behavior based on slot format indication is specified in TS38.213. Fig 4 shows the example of Re-16 UE reception or transmission based on slot format indication. For dynamically scheduled/triggered DL reception or UL transmission, collision with UL or DL symbol can be avoided by gNB scheduling. For higher layer configured DL receptions or UL transmissions, DL reception or UL transmission will be cancelled if colliding with UL or DL symbol, except that UL collision for SSB/type-0 PDCCH and DL collision for valid PRACH occasion are not expected.
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Fig 4: Example of Re-16 UE reception or transmission based on slot format indication
 
Since DL subband(s) and UL subband(s) may be configured on the same symbol for SBFD operation, UE transmission and reception behavior needs to be clarified, e.g. whether/how to receive/transmit DL/UL channel/signal overlapping with SBFD symbol. 

SSB and type-0 PDCCH are cell specific channel/signal for both legacy UEs without SBFD capability and SBFD capable UEs. Assuming DL and UL subbands on SSB or type-0 PDCCH symbol, it may cause issue for legacy UE without SBFD capability. Therefore, SBFD operation on SSB or type-0 PDCCH symbol should be avoided. 
Proposal 8: Not support SBFD operation with UL subband on SSB symbol or CORESET #0 symbol.

In legacy RACH procedure, valid RO is determined based on semi-static TDD pattern configuration. RO overlapping with semi-static DL symbol would be regarded as invalid RO. For SBFD, when UL subband  is configured in a DL symbol, PRACH and Msg 3 PUSCH transmission in UL subband of the SBFD symbol would be beneficial for RACH procedure latency reduction. In legacy RACH procedure, UE doesn’t monitor RAR in symbol(s) with valid RO. If RO in UL subband in SBFD symbol is regarded as valid, it should not be precluded that UE can monitor RAR in DL subband of the symbol, when UE doesn’t transmit PRACH on any valid RO in the symbol.

Proposal 9: 
· Support PRACH and Msg 3 PUSCH transmission in UL subband in SBFD symbol.
· Support UE monitoring RAR in DL subband in SBFD symbol, if UE doesn’t transmit PRACH in any valid RO on the symbol.

For dynamically scheduled/triggered DL reception or UL transmission without repetition, except the case of multiple PDSCHs/PUSCHs scheduled by single DCI, collision with UL/DL subband in SBFD symbol can be avoided by gNB scheduling, as shown in Fig.5.
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Fig 5: Example of dynamically scheduled channels

For the case of multiple PDSCHs/PUSCHs scheduled by single DCI, single FDRA is applied to each scheduled PDSCH/PUSCH. It may be difficult to avoid collision with UL/DL subband in SBFD symbol. For such collision, one possible enhancement is to introduce an additional FDRA field in the DCI scheduling multiple PDSCHs/PUSCHs. Another possibility is to interpretate the FDRA field differently on SBFD symbol and non-SBFD. It is also possible that the PDSCH/PUSCH overlapping with UL/DL subabnd is simply dropped.
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Fig 6: Example of single DCI scheduling multiple PDSCHs


Proposal 10: For single DCI scheduling multiple PDSCHs/PUSCHs, study possible enhancements when any of the multiple scheduled PDSCHs/PUSCHs overlapping with UL/DL subband.

For higher layer configured DL reception or UL transmission, or for PDSCH/PUSCH/PUCCH repetitions, as shown in Fig.7 and Fig. 8, UE behavior for collision handling needs to be discussed. 
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Fig 7: Example of higher layer configured channels/signals
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Fig 8: Example of PDSCH/PUSCH repetitions


Since there are too many signals/channels, priority should be clarified for each channel. 
· Unlike data channels which is possible to be dynamically scheduled, PDCCH monitoring completely follows higher layer configuration. Discussions for PDCCH collision handling should have highest priority.
· PUCCH report based on higher layer configuration is important, e.g. P/SP-CSI report PUCCH for channel condition, SR PUCCH for UL scheduling, and/or SPS HARQ-ACK PUCCH or DL data transmission, etc, so they can be considered as middle priority.
· Periodic or semi-persistent reference signals (e.g. P/SP CSI-RS, TRS, SRS, etc.) are important for MIMO operation (e.g. beam management, CSI feedback, etc.), which may affect link performance. 
· SPS PDSCH and/or CG PUSCH are important for IIoT/URLLC/XR services, which may be important use case for subband non-overlapping duplex so that it can be considered as middle priority.
· PDSCH/PUSCH/PUCCH repetitions are important for reliability and coverage.

Proposal 11: 
· For collision handling of higher layer configured channels/signals with SBFD DL/UL subband, study possible enhancements for channels/signals with higher priority first, e.g. PDCCH as highest priority for study.
· Study collision for PDSCH/PUSCH/PUCCH repetitions with UL or DL subband in SBFD symbol. 

For collision handling with SBFD symbol for higher layer configured DL reception or UL transmission, or for PDSCH/PUSCH/PUCCH repetitions, generally three alternatives can be considered. And different alternative may be applicable to different collision cases.
· Alt 1: UE does not expect collision of higher layer configured DL reception or UL transmission with UL subband or DL subband in SBFD symbol. 
· Alt 2: Separate higher layer DL reception or UL transmission configuration for SBFD symbols and non-SBFD symbols, e.g. separate PDCCH monitoring configuration or PUCCH resource configuration.
· Alt 3: No separate configuration, but special handling is needed if higher layer configured DL/UL channel/signal colliding with UL/DL subband in SBFD symbol, e.g. the DL/UL channel/signal is canceled or rate matched around DL/UL subband, or different interpretations are applied for frequency resource allocation for SBFD symbol and non-SBFD symbol.

For Alt 1, no specification impact is needed. It is up to gNB to guarantee no collision with DL/UL subband in SBFD symbol. It may lead to too restricted scheduling/configuration. For Alt 2, there is little impact on legacy UE operation, and special handling for collision with SBFD symbol or unavailable resource on SBFD symbol is not needed. But it may bring complexity to both NW and UE due to multiple sets of configurations, with different configurations applicable to different set of symbols/slots. For Alt 3, special handling needs to be defined.

Table 2: Analysis for possible solutions
	
	Pros
	Cons

	Alt 1
	No specification impact.
	Too restricted scheduling/configuration.

	Alt 2
	Little impact on legacy UE operation; no need to define special handling for collision with SBFD symbol
	Complexity due to multiple sets of configurations, with different configurations applicable to SBFD and non-SBFD symbol.

	Alt 3
	Common configuration always applicable.
	Special handling needs to be defined, and new special handling may have impact on broadcast channels/signals reception/detection for legacy UE.



Proposal 12: For Rel-18 subband non-overlapping full duplex, at least for higher layer configured channels/signals, three alternatives can be considered:
· Alt 1: UE does not expect collision of higher layer configured DL reception or UL transmission with UL subband or DL subband in SBFD symbol. 
· Alt 2: Separate higher layer DL reception or UL transmission configuration for SBFD symbols and non-SBFD symbols, e.g. separate PDCCH monitoring configuration or PUCCH resource configuration.
· Alt 3: No separate configuration, but special handling is needed if higher layer configured DL/UL channel/signal colliding with UL/DL subband in SBFD symbol, e.g. the DL/UL channel/signal is canceled or rate matched around DL/UL subband, or different interpretations are applied for frequency resource allocation for SBFD symbol and non-SBFD symbol.

Besides above general discussion for different channels/signals, some specific enhancements can be considered for specific channel/signal.

For PUSCH repetition type B, nominal repetition may be segmented into actual repetitions around semi-static DL symbol, SSB symbol or RRC configured invalid symbol, as shown in Fig 9. Considering SBFD operation with UL subabnd in semi-static DL symbol, impact on PUSCH repetition type B segmentation should be studied.
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Figure 9: Example of PUSCH repetition type B
Proposal 13: Study SBFD impact on PUSCH repetition type B segmentation.

For PUCCH, SPS HARQ-ACK deferring is introduced in Rel-17. When a PUCCH for SPS HARQ-ACK overlaps with semi-static DL symbol or SSB symbol, UE will defer the PUCCH until no overlapping with semi-static DL symbol or SSB symbol, as shown in Fig 10. Considering SBFD operation with UL subabnd in semi-static DL symbol, impact on SPS HARQ-ACK deferring should be studied.
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Figure 10: Example of SPS HARQ-ACK deferring
Proposal 14: Study SBFD impact on SPS HARQ-ACK deferring.

For CSI-RS, only wideband contiguous RB allocation (number of RBs no smaller than 24) is supported currently.
For SBFD operation with DL-UL-DL subband pattern in SBFD symbol, it is possible that contiguous frequency band allocation of a CSI-RS resource may collide with UL subband in SBFD symbol. In order to better avoid overlapping with UL subband, non-contiguous RB allocation for CSI-RS or narrow band RB allocation for CSI-RS (e.g. smaller value than 24 for number of RBs) can be considered. For such case, to cover the wideband CSI reporting band, different narrow band CSI-RS resources may need to be configured. Based on current restrictions (e.g. same frequency band allocation for CSI-RS resources in one resource set), it might require three CSI resource sets/settings/reporting configuration and/or three CSI reports in one or multiple CSI reporting instances to report measurement covering the wide reporting band. Therefore, it would introduce much overhead on CSI resource/CSI resource set/CSI resource setting configuration and CSI reporting configuration, and also on CSI report overhead. Potential enhancement can be considered to reduce RRC configuration overhead and/or CSI reporting overhead. One example is to allow different frequency band configurations (i.e. different starting PRB and number of RBs) for CSI-RS resources in the same CSI-RS resource set. Another example is to associate different CSI-RS resources with different frequency band configurations and treat them as one “effective CSI-RS”.
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Fig 11: Example of associated CSI-RS resources
On the other hand, considering the interference level at SBFD symbol and at non-SBFD symbol may be different, whether to separately report CSI for non-SBFD symbol/slot and for SBFD symbol/slot may need to be considered.
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Fig 11: Example of CSI reporting on SBFD and non-SBFD symbol

Proposal 15: Study possible enhancements on CSI-RS configuration and CSI reporting, including:
· Study non-contiguous RB allocation for CSI-RS or narrow band RB allocation for CSI-RS (e.g. smaller value than 24 for number of RBs).
· Study possible enhancements for CSI reporting overhead reduction for SBFD, e.g. to allow different frequency band configurations (i.e. different starting PRB and num-ber of RBs) for CSI-RS resources in the same CSI-RS resource set, or to associate different CSI-RS resources with different frequency band configurations and treat them as one “effec-tive CSI-RS”.
· Study whether to separately report CSI for non-SBFD symbol/slot and for SBFD symbol/slot.

For UL cancellation DCI format 2_4, the time domain position for the indicated resources is obtained by excluding symbols for reception of SS/PBCH blocks and DL symbols indicated by tdd-UL-DL-ConfigurationCommon. 
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If a UE is provided UplinkCancellation, the UE is provided, in one or more serving cells, search space sets for monitoring the first PDCCH candidate with a CCE aggregation level of  CCEs of each search space set for detection of a DCI format 2_4 [5, TS 38.212] with a CI-RNTI provided by ci-RNTI as described in clause 10.1. UplinkCancellation additionally provides to the UE 
-	a set of serving cells, by ci-ConfigurationPerServingCell, that includes a set of serving cell indexes and a corresponding set of locations for fields in DCI format 2_4 by positionInDCI
-	a number of fields in DCI format 2_4, by positionInDCI-forSUL, for each serving cell for a SUL carrier, if the serving cell is configured with a SUL carrier
-	an information payload size for DCI format 2_4 by dci-PayloadSize-ForCI
-	an indication for time-frequency resources by timeFrequencyRegion
For a serving cell having an associated field in a DCI format 2_4, for the field denote by 
-	 a number of bits provided by ci-PayloadSize
-	 a number of PRBs provided by frequencyRegionforCI in timeFrequencyRegion
-	 a number of symbols, excluding symbols for reception of SS/PBCH blocks and DL symbols indicated by tdd-UL-DL-ConfigurationCommon, from a number of symbols that
-	is provided by timeDurationforCI in timeFrequencyRegion, if the PDCCH monitoring periodicity for the search space set with the DCI format 2_4 is one slot and there are more than one PDCCH monitoring occasions in a slot, or
-	is equal to the PDCCH monitoring periodicity, otherwise.
-	 a number of partitions for the  symbols provided by timeGranularityforCI in timeFrequencyRegion



Considering SBFD operation with UL subband in DL symbol, there may be UL transmission in DL symbol. With the legacy rule, UL transmission in UL subband in SBFD symbol configured as DL can’t be cancelled by DCI 2_4. Therefore, impact on UL cancellation DCI format 2_4 should be studied.
Proposal 16: Study SBFD impact on UL cancellation DCI format 2_4.


2.3 Cross-link interference for SBFD
As guided by RAN1#109-e agreements, interference management enhancements common for dynamic TDD and SBFD will be discussed in AI 9.3.3, and interference management enhancements specific for SBFD will be discussed in AI 9.3.2, including gNB self-interference, UE-to-UE inter-subband CLI, and gNB-to-gNB inter subbband CLI.

UE-to-UE inter-subband CLI 
In Rel-16 dynamic TDD, CLI-RSSI and SRS-RSRP measurement/reporting are supported for UE-to-UE inter-cell CLI management. However, only CLI-RSSI measurement and reporting is applicable for both inter-subband and intra-subband CLI, while SRS-RSRP is not applicable for inter-subband CLI. Therefore, SRS-RSRP measurement and reporting is not applicable for SBFD, and only CLI-RSSI measurement and reporting can be reused for SBFD.
Observation 1: SRS-RSRP measurement and reporting is not applicable for SBFD.

Regarding possible enhancements for CLI-RSSI measurement/reporting for SBFD, enhancements like beam specific CLI measurement/reporting and Layer 1 based CLI measurement/reporting as discussed in companion contribution [3] in AI 9.3.3 are also applicable for SBFD. 
Observation 2: Enhancements like beam specific CLI measurement/reporting and Layer 1 based CLI measurement/reporting are also applicable for SBFD.

Some SBFD specific aspects can also be considered. For example, for the legacy CLI-RSSI measurement, one contiguous subband can be configured for CLI-RSSI measurement resource. With SBFD operation, there may be non-contiguous DL subbands in SBFD symbol. On the other hand, with SBFD operation, CLI interference level at different RB locations may vary. CLI reporting with finer granularity is beneficial to identify different interference levels at different RB locations. Therefore, multiple non-contiguous or contiguous subbands for CLI-RSSI measurement resource would be beneficial.

Proposal 17: Study CLI-RSSI measurement and reporting with multiple subbands for CLI-RSSI measurement resource.

Inter-gNB coordination
In Rel-16 inter-gNB coordination, TDD patterns can be exchanged. With SBFD operation, exchanging more detailed DL/UL subband allocation would be beneficial for interference mitigation. Therefore, DL/UL subband allocation information also needs to be exchanged.

Proposal 18: Support inter-gNB coordination enhancement with DL/UL subband allocation exchanged between gNBs.
3. Conclusion
In this contribution, we discussed subband non-overlapping full duplex. We have the following observations and proposals:
Observation 1: SRS-RSRP measurement and reporting is not applicable for SBFD.
Observation 2: Enhancements like beam specific CLI measurement/reporting and Layer 1 based CLI measurement/reporting are also applicable for SBFD.

Proposal 1: 
· For SBFD operation with UL subband in semi-static DL/flexible symbol, study one UL subband in the midlle and two DL subbands in the edge. 
· If SBFD operation with DL subband in semi-static UL symbol is supported, the DL/UL subband frequency pattern needs further study.
Proposal 2: 
· Study SBFD operation with UL subband in semi-static DL and flexible symbol in Rel-18.
· SBFD operation with DL subband in semi-static UL symbol can be down-prioritized in Rel-18.
Proposal 3:
· Study Alt 4 (i.e. both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs)  for SBFD operation.
· Not support Alt 2 and Alt 3 for SBFD operation.
Proposal 4:
· Confirm the working assumption that SBFD scheme within a single configured DL and UL BWP pair with aligned center frequency as baseline.
· Study of SBFD scheme with more than one configured DL and UL BWP pair with aligned center frequencies for a DL and UL BWP pair should have lower priority.
· Down-prioritize study of DL and UL BWP pair with unaligned center frequencies.
Proposal 5: In order to indicate DL/UL time and frequency resource  allocation (including number of PRBs for UL/DL subband) for subband non-overlapping full duplex operation, enhancements based on existing slot format indication, or new slot format indication can be considered.
Proposal 6:
· Study dynamic indication of DL/UL subband time domain allocation.
· NOT support dynamic indication of DL/UL subband frequency domain allocation.
Proposal 7: 
· Support only DL reception in DL subband (i.e. not support UL transmission in DL subband), only UL transmission in UL subband (i.e. not support DL reception in UL subband).
· Not support UL transmission outside UL subband in SBFD symbol.
Proposal 8: Not support SBFD operation with UL subband on SSB symbol or CORESET #0 symbol.
Proposal 9: 
· Support PRACH and Msg 3 PUSCH transmission in UL subband in SBFD symbol.
· Support UE monitoring RAR in DL subband in SBFD symbol, if UE doesn’t transmit PRACH in any valid RO on the symbol.
Proposal 10: For single DCI scheduling multiple PDSCHs/PUSCHs, study possible enhancements when any of the multiple scheduled PDSCHs/PUSCHs overlapping with UL/DL subband.
Proposal 11: 
· For collision handling of higher layer configured channels/signals with SBFD DL/UL subband, study possible enhancements for channels/signals with higher priority first, e.g. PDCCH as highest priority for study.
· Study collision for PDSCH/PUSCH/PUCCH repetitions with UL or DL subband in SBFD symbol. 
Proposal 12: For Rel-18 subband non-overlapping full duplex, at least for higher layer configured channels/signals, three alternatives can be considered:
· Alt 1: UE does not expect collision of higher layer configured DL reception or UL transmission with UL subband or DL subband in SBFD symbol. 
· Alt 2: Separate higher layer DL reception or UL transmission configuration for SBFD symbols and non-SBFD symbols, e.g. separate PDCCH monitoring configuration or PUCCH resource configuration.
· Alt 3: No separate configuration, but special handling is needed if higher layer configured DL/UL channel/signal colliding with UL/DL subband in SBFD symbol, e.g. the DL/UL channel/signal is canceled or rate matched around DL/UL subband, or different interpretations are applied for frequency resource allocation for SBFD symbol and non-SBFD symbol.
Proposal 13: Study SBFD impact on PUSCH repetition type B segmentation.
Proposal 14: Study SBFD impact on SPS HARQ-ACK deferring.
Proposal 15: Study possible enhancements on CSI-RS configuration and CSI reporting, including:
· Study non-contiguous RB allocation for CSI-RS or narrow band RB allocation for CSI-RS (e.g. smaller value than 24 for number of RBs).
· Study possible enhancements for CSI reporting overhead reduction for SBFD, e.g. to allow different frequency band configurations (i.e. different starting PRB and num-ber of RBs) for CSI-RS resources in the same CSI-RS resource set, or to associate different CSI-RS resources with different frequency band configurations and treat them as one “effec-tive CSI-RS”.
· Study whether to separately report CSI for non-SBFD symbol/slot and for SBFD symbol/slot.
Proposal 16: Study SBFD impact on UL cancellation DCI format 2_4.
Proposal 17: Study CLI-RSSI measurement and reporting with multiple subbands for CLI-RSSI measurement resource.

Proposal 18: Support inter-gNB coordination enhancement with DL/UL subband allocation exchanged between gNBs.

References
[1] RP-220633, Revised SID: Study on evolution of NR duplex operation, March 2022, CMCC
[2] R1-2209901, Discussion on evaluation on NR duplex evolution, October 2022, NTT Docomo
[3] R1-2209903, Discussion on potential enhancements on dynamic/flexible TDD, October 2022, NTT Docomo
[4] 3GPP, RAN1#109-e meeting, Chairman’s notes
[5] 3GPP, RAN1#110 meeting, Chairman’s notes
- 2/12 -
image1.png
Operator A Opergtor B Opergtor C
)
TDD TDD
DL DL

Operator A

Opergtor B

Opergtor C

TDD
uL

Example (a): UL subband in semi-static DL symbol

TDD
uL

Example (b): DL subband in semi-static UL symbol




image2.png
FIF|F|F|lUJU|JU|U]| timedomain

7 . >
T D [ subband#1

U | subband#2
D | subband#3





image3.png
time domain
>

frequency
domain

v




image4.png
SPS »®
PDSCH

U

CG PUSCH





image5.png
PDSCH

PUSC
H





image6.png
|

PDSCH

PDSCH





image7.png
D
p-Csl
PUCCH
D U U
PDC
CH

Example: higher layer configured channels/signals





image8.png
DS

TS

PDS

PDS

cH o cH cH

D U
PUSC PUSC PUSC

H H H

Example: PDSCH/PUSCH repetitions





image9.png
PUSCH repetition -
type A

LIIIINEE

3
Repetition 2 [Repetition 3 Repetition 4

—
Repetition 1

PUSCH repetition
e [

Rep. 1 /
Rep. 2-1 Rep. . Shorter latency (24 symbols di





image10.png
target PUCCH slot

H D DY D U

SPS PDSCH#1. initial PUCCH slot PUCCH




image11.png
CSl resource#1 associated and regarded as

D one “gffective C$I-RS resource”
U | U
D —

CSl resource#2 t




image12.png
Need separate CSl reporting?

Need separate CS| reporting?




