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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).



In this contribution, possible solutions for subband non-overlapping full duplex and impact to legacy operation are discussed.
2. Discussions
In previous meetings, SBFD solutions/enhancements were discussed for aspects including SBFD operation, potential PHY channel enhancement, DL and UL collision handling, SBFD operation in RRC idle/inactive mode, and CLI handling. 

· SBFD operation
· Frequency domain location for UL subband
· Time domain location for UL subband
· Dynamic SBFD operation
· Slot with SBFD and non-SBFD symbols
· SBFD operation in SSB symbol
· Potential enhancements on PHY channels/signals:
· Tx/Rx across SBFD and non-SBFD symbols within a slot
· Tx/Rx across SBFD and non-SBFD symbols in different slots
· CSI-RS resource
· CSI-RS report
· PDCCH
· PDSCH/PUSCH/PUCCH
· PRG/RBG overlapping with subband boundaries
· DL and UL Collision handling
· SBFD operation in RRC idle/inactive mode
· CLI
· UE-to-UE CLI handling
· gNB-to-gNB CLI handling

Among issues for these aspects, some issues have been sufficiently discussed in SI phase, with potential enhancements/solutions and corresponding analysis/observations already identified in previous meetings. In our understanding, more detailed discussion and decision for such kind of issues can be left to WI phase, and there is no need to further discuss such issues in SI phase anymore. 
While there are also some other issues on which companies have different views, and decision for these issues may impact scope for the following WI. For example, it is still controversial whether to support dynamic SBFD operation, whether to support actual UL transmission in UL subband in SSB symbol, whether to support SBFD operation in RRC idle/in-active mode, and what collision case(s) to be studied for DL/UL collision handling. Considering RAN1#114 meeting is the last meeting for Rel-18 duplex enhancement SI, decision for these issues needs to be made at this meeting.

We provide our views on issues that need to be clarified in SI phase in this section.

2.1 SBFD operation
2.1.1 frequency location for UL ubabnd
Based on agreements in previous meetings, semi-static configuration of DL/UL frequency locations will be studied. Whether to study dynamic indication of DL/UL subband frequency locations is still under discussion. 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 to filter interference. Therefore, dynamic indication of DL/UL subband frequency domain allocation is not preferred. 

Proposal 1: NOT support dynamic indication of DL/UL subband frequency domain location.

2.1.2 dynamic SBFD operation
At RAN1#112 meeting, whether/how to support dynamic SBFD operation in symbol configured as DL and flexible by TDD-UL-DL-ConfigCommon was discussed. 

	Agreement
For dynamic SBFD,
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) are allowed or not in a symbol configured as DL in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband are allowed or not in the symbol configured as flexible in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· UL transmissions outside the semi-statically configured UL subbands are not allowed
· Option 3: DL receptions outside semi-statically configured DL subband(s) are allowed
· UL transmissions outside the semi-statically configured UL subbands are allowed
Dynamic SBFD should be compared with dynamic TDD and/or semi-static SBFD in terms of performance, implementation complexity, switching latency.
For each option, additional conditions may apply to determine whether the option is applicable.



We think the potential benefit of dynamic SBFD is more flexibility. For example, gNB can adjust SBFD symbol location (e.g. dynamically enabling/disabling SBFD operation in certain symbol) according to timely DL/UL traffic characteristics. However, such benefit on flexibility may be achieved by existing dynamic TDD scheme. Furthermore, the dynamic SBFD operation design may become very complicated, not only on how to realize dynamic SBFD operation (e.g. via group-common DCI or UE specific DCI or UE scheduling DCI as discussed in previous meetings), but also on other aspects like UE behavior for dynamic SBFD operation and limitation on transition points between SBFD symbol and non-SBFD symbols. 
For example, at RAN1#113 meeting, a conclusion was made to support at most two transition points between SBFD and non-SBFD symbols within a TDD pattern period at least for semi-static SBFD operation. If same principle is applied for dynamic SBFD, the flexibility of dynamic SBFD would be limited, which makes it not clear how much benefit compared to semi-static SBFD can be achieved. If more transition points are allowed for dynamic SBFD operation, it may be strange why more relaxed requirement is applied for dynamic SBFD operation than semi-static SBFD operation, considering that the motivation to limit number of transition points is dependent from whether semi-static or dynamic SBFD operation.

	Conclusion
At least for semi-static SBFD, in order to avoid frequent switching between SBFD and non-SBFD symbols, potential limitation on the maximum number of transition points between SBFD and non-SBFD symbols can be considered from SBFD subband configuration perspective. Maximum of two transition points including one transition point from non-SBFD symbols to SBFD symbols and one transition point from SBFD symbols to non-SBFD symbols within a TDD UL/DL pattern period can be considered as a starting point where the transition point can be aligned with slot boundary or within a slot.
· Agreement: The usage of ‘switching point’ in previous conclusions/agreements are revised to ‘transition point’
A guard period between SBFD and non-SBFD symbols may or may not be required at gNB and/or UE side depending on gNB/UE implementation and/or SBFD operation.



Therefore, it is preferred not to further support dynamic SBFD operation. 

Proposal 2: NOT support dynamic SBFD operation.

2.1.3 SBFD operation in SSB symbol
At RAN1#113 meeting, it was agreed that UL subband can be configured in SSB symbol, while whether actual UL transmission is possible is still controversial. 

	Agreement
An UL subband can be configured in an SSB symbol.
· Note: It is SSB from serving cell perspective, which can be CD-SSB or NCD-SSB.
· Whether actual UL transmission can be done is for further discussion
Agreement
The following conclusion is to be captured in the TR
If SBFD-aware UEs are not allowed to transmit in the SSB symbol but is allowed to receive within the DL BWP in the SSB symbol, negative impact on SSB detection and measurement can be avoided but UL performance may be degraded due to fewer UL opportunities.
If SBFD-aware UE is allowed to transmit in the SSB symbol, the UE may only transmit UL in an UL subband depending on gNB scheduling, configuration, UE measurement or priority rule. There may be negative impact on SSB detection and measurement if the SBFD-aware UE is requested to transmit in the SSB symbol.



In our understanding, it’s better to make a conclusion on this issue in SI phase to make the WI scope clearer, since different directions may result in different scopes for potential enhancements.

In legacy specification, SSB always has higher priority than other channels/signals. For example, UL transmission colliding with SSB symbols would be cancelled. It is common understanding that UL transmission in SSB symbol would lead to negative impact on SSB measurement accuracy. Furthermore, it may cause issue for legacy UEs without SBFD awareness. Therefore, actual UL transmission in UL subband in SSB symbol is not preferred.

Proposal 3: Not support actual UL transmission in UL subband in SSB symbol.


2.2 DL and UL collision handling
At previous meeting, cases for time domain collision of UE’s UL transmission and DL reception in the same SBFD symbol were discussed, while no agreement/conclusion was achieved.

	Proposed Conclusion:
At least the following cases of time domain conflict of UE’s UL transmission and DL reception in the same SBFD symbol for SBFD aware UE are idenfitied:
· Case 1: Dynamically scheduled UL transmission in UL subband and dynamically scheduled DL reception in DL subband(s) in the same SBFD symbol
· Case 2: Configured UL transmission in UL subband and configured DL reception in DL subband(s) in the same SBFD symbol
· Case 3: Configured transmission/reception in UL/DL subband(s) with scheduled reception/transmission in DL/UL subband(s) in the same SBFD symbol
· Configured UL transmissions at least include CG PUSCH, configured PUCCH/SRS
· Configured DL receptions at least include PDCCH, SPS PDSCH, configured CSI-RS
[Case 1 can be avoided by gNB scheduling.
For Case 3, dynamic scheduled reception/transmission is prioritized.]
The cases identified above can also occur if the transmission/ reception are in different SBFD symbols, but there is not sufficient time between them to account for Rx/Tx switching



During discussions in RAN1#113 meeting, the main controversial point is whether collision of dynamic DL reception and dynamic UL transmissions can be avoided when the dynamic DL reception and/or dynamic UL transmission with multiple repetitions.
In legacy specification, for dynamic PDSCH/PUSCH without repetition, UE doesn’t expect collision with UL/DL symbol. While for dynamic PDSCH/PUSCH with repetitions, TDD collision is possible and UE cancels/drops the PDSCH/PUSCH repetition colliding with UL/DL symbol. 

	TS 38.213, v17.5.0, section 11.1
<****************************************omitted**********************************************>
If a UE is scheduled by a DCI format to receive PDSCH over multiple slots, and if tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, indicate that, for a slot from the multiple slots, at least one symbol from a set of symbols where the UE is scheduled PDSCH reception in the slot is an uplink symbol, the UE does not receive the PDSCH in the slot. 
If a UE is scheduled by a DCI format to transmit PUSCH over multiple slots, and if tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, indicates that, for a slot from the multiple slots, at least one symbol from a set of symbols where the UE is scheduled PUSCH transmission in the slot is a downlink symbol, the UE does not transmit the PUSCH in the slot.
<****************************************omitted**********************************************>



Observation 1: In legacy specification, TDD collision for dynamic DL/UL channel/signal with multiple repetitions is possible.

Similarly, for discussion of DL and UL collision in SBFD, separate discussions are needed at least for dynamic DL/UL channel/signal with and without repetitions. 

At RAN1#113 meeting, collision cases are classified based on whether DL and UL channel/signal is dynamic or configured:
· Case 1: When the DL and UL channels/signals are dynamically scheduled.
· Case 2: When one of the DL and UL channel/signals is dynamic, and the other one is configured.
· Case 3: When the DL and UL channels/signals are configured.

For case 1, whether collision is possible may depend on whether the dynamic DL and UL channels/signals with or without repetitions. Therefore, separate discussions are needed for cases of the dynamic DL and UL channels/signals with and without repetitions. For example, if at least one of the dynamic DL and dynamic UL channel/signal is without repetition, collision can be avoided by gNB scheduling. This case is not necessary to be studied in WI. If the dynamic DL and UL channels/signals are with repetitions, collision is possible. Handling for such collision cases should be studied in WI phase.
For case 2, collision is possible, handling for such collision cases should be studied in WI phase. Separate discussions may be needed for cases of the dynamic DL and UL channels/signals with and without repetitions, e.g. different handling rules are possible.
For case 3, collision is possible, handling for such collision cases should be studied in WI phase. Separate discussion is not needed for cases of the DL/UL channels/signal with or without repetitions.

Proposal 4: At least the following cases of time domain conflict of UE’s UL transmission and DL reception in the same SBFD symbol for SBFD aware UE are identified:
· Case 1: dynamic DL reception with repetitions VS. dynamic UL transmission with repetitions
· Case 2: dynamic DL reception/UL transmission with or without repetitions VS. configured UL transmission/DL reception with or without repetitions
· Case 3: configured DL reception with or without repetitions VS. configured UL transmission with or without repetitions
· Configured UL transmissions at least include CG PUSCH, or configured PUCCH/SRS
· Configured DL receptions at least include PDCCH, SPS PDSCH, or configured CSI-RS

2.3 SBFD operation in RRC idle/in-active mode
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.
[image: ]
Fig 8: ROs in SBFD symbol

Proposal 5: Support SBFD operation in RRC idle/in-active mode.
· 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.

2.4 UL cancellation DCI
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. 

	11.2A	Cancellation indication
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. As we understand, this aspect is not covered by any agreed or discussed issues in previous meetings, but it needs to be included in the WI scope.

Proposal 6: Study SBFD impact on UL cancellation DCI format 2_4.

3. Conclusion
In this contribution, we discussed subband non-overlapping full duplex. We have the following observations and proposals:
Observation 1: In legacy specification, TDD collision for dynamic DL/UL channel/signal with multiple repetitions is possible.

Proposal 1: NOT support dynamic indication of DL/UL subband frequency domain location.
Proposal 2: NOT support dynamic SBFD operation.
Proposal 3: Not support actual UL transmission in UL subband in SSB symbol.
Proposal 4: At least the following cases of time domain conflict of UE’s UL transmission and DL reception in the same SBFD symbol for SBFD aware UE are identified:
· Case 1: dynamic DL reception with repetitions VS. dynamic UL transmission with repetitions
· Case 2: dynamic DL reception/UL transmission with or without repetitions VS. configured UL transmission/DL reception with or without repetitions
· Case 3: configured DL reception with or without repetitions VS. configured UL transmission with or without repetitions
· Configured UL transmissions at least include CG PUSCH, or configured PUCCH/SRS
· Configured DL receptions at least include PDCCH, SPS PDSCH, or configured CSI-RS

Proposal 5: Support SBFD operation in RRC idle/in-active mode.
· 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 6: Study SBFD impact on UL cancellation DCI format 2_4.
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