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[bookmark: _Ref506539118]Introduction
In study on evolution of NR duplex operation, the following objectives have been identified [1]:
	In this study, the followings are assumed:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges
The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (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, we present our views on subband non-overlapping full duplex (NOFD). 
Deployments and Interference Analysis for NOFD
Deployments for FR1 and FR2
Full duplex is a breakthrough technology for NR. Comprehensive studies should be performed to identify all potential scenarios, the range of performance gain, expected cost and implementation complexity and potential standard impact. 
For potential scenarios, FR1 is most popular band in NR deployment and TDD is widely used in commercial NR deployments in FR1. Due to lower pathloss, FR1 is typically used for large area, e.g., for macro cell in addition to micro/small cell. FR2 is typically used for small cell to improve capacity. UL coverage improvement by NOFD would be most attractive for macro deployment. Meanwhile, UL capacity improvement by NOFD is also promising for micro or small cell. For latency reduction, the improvement provided by NOFD would be more critical for smaller SCS, e.g., 15KHz or 30KHz in FR1, due to longer duration for a slot compared with FR2 with larger SCS. Regarding the interference impact, with better spatial separation in higher-frequency band, desirable self-interference suppression can be achieved with easier implementation, and also smaller CLI can be expected due to relatively good isolation with advanced beamforming. It can be seen that, performance gain, implementation feasibility and complexity would be different for different deployments in different frequency bands. 
To have a full picture for NOFD operation, RAN1 needs to evaluate NOFD for all typical scenarios in FR1 and FR2, including macro, micro, small cells for out-door and indoor and for both homogeneous and heterogenous deployments. Considering the workload in RAN1 and interaction between RAN1 and RAN4, e.g., interference modeling with and without beamforming, RAN1 may first focus on set of deployments in FR1 in early phase of the study. 
Observation 1: 
· Performance gain, implementation feasibility and complexity for NOFD would be different for different deployments in different frequency bands.
Proposal 1: 
· RAN1 to study all potential scenarios for both FR1 and FR2, with prioritization for a set of deployments in FR1 in early phase of the study. 

Another aspect for deployment is whether aligned or non-aligned UL/DL time and frequency resource partition to be considered. Similar to semi-static DL/UL resource assignment studied in Rel-14 SI and Rel-16 CLI, same UL/DL time and frequency resource partition (same NOFD configuration) among neighbouring gNBs can be considered as one typical scenario for NOFD operation. With such deployment, only inter-subband CLI needs to be considered. To reflect realistic gain by NOFD, the deployment with different time and frequency resource partition among neighbouring gNBs should also be evaluated, especially considering coexistence issues with legacy gNB and among different operators. Non-aligned time and frequency resource partition among neighbouring gNBs includes the case with aligned legacy TDD UL/DL configuration but the location for UL/DL subband is different, and the case with non-aligned legacy TDD UL/DL configuration with NOFD.  In such case, both intra-subband and inter-subband CLI occurs for inter-cell interference. 
	

	


	Figure 1 Interference with aligned NOFD configuration 
	Figure 2 Interference with non-aligned NOFD configuration 


Proposal 2: 
· RAN1 needs to study and evaluate performance of NOFD for following deployments,  
· Aligned UL/DL configurations and frequency resource partition among neighbouring gNBs.  
· Non-Aligned UL/DL configurations and frequency resource partitions among neighbouring gNBs.  

Interference Analysis for Different Deployments 
Feasibility of NOFD operation highly depends on interference handling, including following interference types: 
· Intra-gNB Self-interference (impact on UL performance)
· Inter-gNB CLI (impact on UL performance)
· Inter-UE CLI (impact on DL performance)
· Intra-cell inter-UE CLI
· Inter-cell inter-UE CLI 

For different deployments, inter-gNB CLI and inter-cell inter-UE CLI would be different. For example, for aligned UL/DL time and frequency resource partition among neighboring gNBs, only inter-subband interference occurs for both inter-gNB and inter-cell inter-UE CLI, while for non-aligned UL/DL time and frequency resource partition among neighboring gNBs, both intra-subband and inter-subband interference occurs for both inter-gNB and inter-cell inter-UE CLI. But intra-gNB SI and intra-cell inter-UE CLI is the same for all deployments with NOFD. 
Self-interference 
Simultaneous transmission and reception in a symbol causes intra-gNB DL-to-UL self-interference. The self-interference observed at Rx chain is determined by several factors, including antenna isolation, frequency domain isolation and interference cancellation algorithm. For frequency domain isolation, the suppression of DL-to-UL interference depends on RF and baseband filtering employed for transmission and reception at the gNBs. In legacy TDD transceiver, typically, for a given band, RF filter covers bandwidth of the entire band. A baseband filter is further used to limit to the used channel bandwidth. The combined filtering performance of RF and baseband filtering is assumed for calculations of ACLR and ACS, etc. 
For NOFD operation, though DL and UL may be mapped to non-overlapping subbands, existing ACLR and ACS may not be applied directly, if the RF filter and baseband filter does not support subband-level filtering. For example, if RF filter only supports wideband filtering for a frequency band, LNA cannot be protected from strong DL signal coming out of PA, which causes blocking, even though the DL and UL are in non-overlapped subband. Alternatively, interference cancellation circuit could be applied to reduce the power before LNA, e.g., RF domain cancellation followed by digital domain cancellation to further reduce the interference to achieve acceptable IoT. 
RAN1 needs proper interference modelling based on practical RF implementation to evaluate UL reception performance caused by NOFD. Moreover, the DL-to-UL self-interference would attenuate with frequency offset between DL and UL subband, the attenuation value according to frequency offset is needed to determine proper number of guard bands between DL and UL subband, which would not only have impact on effective SINR for UL reception but also impact on resource efficiency. In this regard, it is imperative to solicit and receive clear guidance from RAN4 on interference modelling and exact interference isolation/cancellation capabilities that may be assumed considering practical implementations.
Observation 2: 
· For UL reception at gNB supporting NOFD operation, the UL performance is determined by self-interference cancellation/isolation at gNB side, depending on RF filter/digital filter assumptions at gNB transmitter, antenna isolation assumption, and RF/digital interference suppression/cancellation at gNB receiver, all of which need careful investigations by RAN4.  

Cross-link Interference 
In general, CLI interference includes (a) inter-cell inter-gNB CLI, (b) inter-cell inter-UE CLI and (c) intra-cell inter-UE CLI. As shown in Figure 1, for aligned NOFD configuration case, (a), (b), and (c) are all inter-subband CLI, while for non-aligned NOFD configuration case in Figure 2, (a) and (b) includes both inter-subband CLI and intra-subband CLI. 
For intra-subband CLI, same model as in Rel-16 CLI can be reused. For inter-subband CLI, interference modeling depends on the assumption of filter at gNB and UE side. 
For inter-gNB inter-subband CLI (DL-to-UL interference), if both gNBs apply subband filter as shown in Figure 3, existing ACLR and ACS requirement defined by RAN4 might be directly applied, e.g., ACIR = 1/(1/ACLR+1/ACS) = 43 dB in FR1 [2].  If at least one gNB applies legacy wideband filter, e.g., if victim gNB applies subband filter for UL reception in UL subband while aggressor gNB applies legacy wideband filter, existing ACLR cannot apply, and the leakage from DL subband at Tx side would be dominated by Tx phase noise and EVM characteristics of the in-band signal that would be much larger than the case of subband Tx filter.  


Figure 3 Inter-subband CLI between gNBs with subband RF and baseband filter 



Figure 4 Inter-subband CLI between gNBs with wideband filter by aggressor gNB and subband filter by victim gNB
For inter-UE inter-subband CLI (UL-to-DL interference), if both UEs apply subband RF and baseband filter, existing ACLR and ACS requirement defined by RAN4 can be directly applied, e.g., ACIR = 28 dB in FR1. However, subband RF filter at UE side would be more challenging than subband RF filter at gNB, which would add considerable cost to the UE. Flexible digital filter for subband might be much easier than subband RF filter, but the Tx-Rx isolation achievable by digital filter is much worse than RF filter, e.g., only around 20dB attenuation. Considering legacy or subband filter is UE capability, inter-UE CLI interference depends on filter combination at aggressor and victim UE. For example, if aggressor UE applies legacy wideband filter for UL transmission while victim UE uses subband filter for DL reception, existing in-band emission model can be applied instead of ACLR at Tx side and existing ACS can be applied at Rx side.  
Inter-UE inter-subband CLI can be further classified into intra-cell CLI and inter-cell CLI. Comparing with legacy dynamic TDD, intra-cell inter-UE CLI is a new interference type by NOFD.  



Figure 5 Inter-subband CLI between UEs with wideband filter by aggressor UE and subband filter by victim UE
RAN1 needs inter-subband CLI modelling with practical implementation to evaluate UL and DL performance with NOFD, which is also RAN4’s expertise. 
Observation 3: 
· The impact of NOFD operation on UL reception at gNB side with consideration of inter-subband DL-to-UL interference depends on the assumption of gNB Tx and Rx filtering, which should be well-investigated by RAN 4.  
 Observation 4:
· The impact of NOFD operation on DL reception at UE side with consideration of inter-subband UL-to-DL interference depends on the assumption of UE Tx and Rx filtering, which require inputs from RAN4.  

Tight interaction on the interference modeling and assumption of filters at gNB and UE side between RAN1 and RAN4 is required. RAN1 should aim to converge on an initial set of questions to RAN4 and send LS to RAN4 during RAN1 #109-e meeting.   
Proposal 3: Send an LS to RAN4 with questions to RAN4 on: 
· Modelling of self-interference at gNB  
· Modelling of inter-subband interference 
· Assumptions of Tx/Rx filtering at gNB and UE 
 
Meanwhile, RAN1 could first agree on scenarios and preliminary evaluation assumptions, including initial assumptions on SI cancellation/isolation and CLI modelling and start the evaluation work. Once RAN4 is ready to provide more accurate assumption of achievable SI and CLI performance, RAN1 could update the evaluation.  Alternatively, RAN1 could ask RAN4 for a rough estimation of SI cancellation/isolation and CLI modelling and then start evaluation work. Considering the impact on timeline of the SI for RAN1, the first option is preferred. 

Proposal 4: 
· RAN1 to agree on scenarios and preliminary evaluation assumptions, including initial assumptions on SI cancellation/isolation and CLI modelling and update the assumptions once feedback is received from RAN4. 
Potential Approaches to Support NOFD for FR1 and FR2 
Time and Frequency Domain Location for NOFD Operation 
For NOFD operation, DL/UL resource can be allocated in different non-overlapped subband in a symbol. RAN1 needs to discuss whether DL/UL subband can be configured in any symbol (legacy DL/UL/Flexible symbol). Since the motivation of NOFD operation is to increase UL resource for UL capacity/latency/coverage improvement, NOFD operation in legacy DL symbol as well as flexible symbol should be supported. Supporting DL subband in legacy UL symbol is less motivated, because DL coverage/latency/throughput can be addressed more flexibly and are less of a challenge compared to UL which is the primary motivation for the present study. Furthermore, configuration of DL subband in legacy UL symbol impacts UL reception by legacy gNB as discussed in Section 4. Therefore, it is suggested to not support NOFD operation in legacy UL symbol. 


Figure 6     Symbol location for NOFD operation  
Proposal 5: 
· Only support NOFD operation in legacy DL symbol and flexible symbol. NOFD operation may not be supported in legacy UL symbols. 

In addition to the symbols with NOFD operation, RAN1 also needs to study reasonable frequency location for UL/DL subband. In theory, traffic may vary dynamically, and it would be desirable to support flexible UL/DL partition to accommodate any traffic conditions. However, considering implementation limitation of filter as well as testing cost, the assumption of limited number of subbands with restrictions on the location of the of UL/DL subband(s) may be desirable. For UL/DL subband location, in general, an UL subband can be located in the inner part of carrier or at edge of carrier.  From the perspective of interference, configuring UL subband in the inner part of a carrier could reduce CLI interference to UL reception, if the adjacent carrier is configured with DL transmission. But the cost would be increased, because the number of DL subbands is at least 2, if UL subband is in the inner part of a carrier, which requires increased number of filters if subband based filter can be supported. Furthermore, the overhead for guard band may increase, because guard band would be needed at both edge of UL subband if the UL subband is in the inner part while guard band on one edge of UL subband would be sufficient if there is no adjacent channel at outer edge of UL subband. Thus, from the perspective of specifications, both options should be studied for potential specifications.
On the other hand, considering target use-cases and practical scheduling requirements, limiting to a maximum of a single UL subband in a NOFD symbol may be rather reasonable.
Proposal 6: 
· For intra-carrier NOFD operation, a maximum of one UL subband within the carrier may be defined in symbol(s) with NOFD operation.



Figure 7     Frequency location for UL/DL subband
Furthermore, the UL subband location discussion may be further extended to multi-carrier case. For instance, for FR2, an operator would have multiple carries. In legacy TDD system, different TDD UL/DL configuration can be applied for carriers in different bands, and UE may support simultaneous reception and transmission on carries in different band per UE capability, but same TDD UL/DL configuration should be applied for intra-band CA, to control CLI within the same band. In Rel-18, if NOFD operation can be supported in non-overlapped subband within a carrier, it seems feasible to also support different TDD UL/DL configuration for different carries in the same band. The feasibility should be handled by RAN4, and also RAN1 needs to study the impact on UEs incapable of simultaneous reception and transmission on different carries in the same band, e.g., legacy UE. To control the workload, it is suggested to focus on NOFD operation within a carrier first, and inter-carrier NOFD operation can be studied subsequently. 


Figure 8 Inter-carrier NOFD operation 
 Proposal 7: 
· RAN1 to study candidate DL and UL sub-band locations in one symbol, including different candidate locations of an UL sub-band within a carrier.
Proposal 8: 
· RAN1 should prioritize the study of NOFD operation within a carrier. NOFD operation on multiple carries (intra-band CA with different TDD UL/DL configurations) can be studied with lower priority. 

Signalling for NOFD
For NOFD, though gNB can simultaneously transmit DL and receive UL in a symbol, UE still works in half duplex mode, i.e., no simultaneous DL and UL transmission at UE side. In this regard, it seems not straightforward whether NOFD should be visible to UE. 
In theory, existing mechanism may work which does not require awareness of NOFD configuration at UE side. For example, for cell-specific flexible symbol, gNB could configure the symbol as UL symbol for a UE and the symbol as DL symbol for another UE, thus, gNB can simultaneously transmit DL for a UE and receive UL from another UE. However, the available DL or UL resources in a NOFD symbol and regular DL/UL symbol are different, e.g., full bandwidth for UL transmission in slot n while only fraction of the bandwidth in the middle of carrier for UL transmission in slot n+1. It would be quite difficult for gNB to configure semi-static UL/DL channel/signals (e.g., CG PUSCH, SPS PDSCH, PRACH, periodic RS, periodic PUCCH) always confined with valid UL/DL frequency resource, unless gNB restricts the UL/DL channel/signals within the minimum set of PRBs for UL subband or DL subband in all symbols for higher-layer-configured channels/signals. This may degrade the overall resource efficiency. 
Alternatively, gNB may configure all symbols for NOFD operation as semi-static flexible symbols, and configure UE to monitor SFI. In this case, gNB may transmit legacy SFI indicating flexible or conflicting symbol to cancel the UL transmission which would overlap with DL subband and DL reception which would overlap with UL subband. However, cancellation replying on legacy SFI increases complexity, signalling overhead (e.g., separate PDCCHs for SFI is needed for UEs with UL transmission within UL subband and UEs with UL transmission overlapping with DL subband), and also decreases resource efficiency (e.g., if only few PRBs overlaps with UL subband but the whole symbol for DL reception has to be dropped). Furthermore, according to existing rule, TDD UL/DL configuration commonly applies to all BWPs, which further adds restriction for NOFD operation. 
On the contrary, if NOFD configuration is explicitly indicated to UE, e.g., not only the symbol information but also the frequency domain information for UL and/or DL subband(s), scheduling and configuration flexibility can be achieved, and UE could resolve collision between DL reception/UL transmission and UL subband/DL subband accordingly. Moreover, considering different interference levels in symbols with and without NOFD which may require different link adaptation or UE behavior, e.g., different power control or different MCS level, explicit NOFD configuration may be beneficial even for DL reception/UL transmission confined within the DL subband/UL subband. 
Observation 5: 
· Explicit NOFD configuration in time and frequency domains can be beneficial for scheduling flexibility and resource efficiency, compared with transparent NOFD operation to UE by reusing existing mechanism.  

For explicit NOFD configuration, new signalling to indicate not only time domain resource but also frequency domain resource for DL and/or UL subband(s) needs to be specified. There can be several approaches to configure two-dimensional DL/UL resources. For example, legacy TDD UL/DL configuration signalling structure can be reused with enhancement to support separate configuration for each configured BWP. As another example, on top of legacy TDD UL/DL configuration signalling for a carrier, additional frequency information for DL and/or UL subband(s) can be added. Moreover, similar to legacy TDD UL/DL configuration, both cell-specific and UE-specific NOFD configuration, semi-static configuration by RRC signalling and dynamic indication by PDCCH (similar to SFI by DCI 2_0) can be studied. RAN1 needs to study these approaches taking signalling overhead, resource efficiency, scheduling flexibility, coexistence with legacy UEs, and potential standardization efforts into account.  
Proposal 9: 
· RAN1 to study signalling design options for NOFD configuration to enable efficient NOFD operation.

In legacy TDD system, a set of rules are defined to handle the collision between DL reception/UL transmission and UL/DL symbol. In general, the collision is avoided by proper gNB scheduling for dynamic scheduled DL reception/UL transmission (at least for the case without repetition, or without multi-PDSCH/PUSCH operation) while collision for higher-layer configured reception/transmission is resolved by dropping or deferring DL reception/UL transmission in UL/DL symbol. With NOFD operation, the collision is determined by UL/DL subband in addition to consideration of UL/DL symbols. In other words, UE may also transmit UL in a DL or flexible symbol as long as the UL transmission does not map to resources outside an UL subband. RAN1 should study potential enhancements to UE behavior for reception/transmission (respectively) of DL/UL channel/signals, e.g., potentially different handling for cell-specific and UL-specific channel/signals considering potential impact/coexistence with legacy UEs, any necessary enhancements for handling of semi-static configurations and dynamically scheduling, and any different handling for traffic with different latency/capacity/reliability requirements.  
Proposal 10: 
· RAN1 to study potential enhancements to UE behavior for collision handling between DL reception/UL transmission and UL and/or DL subband(s), considering different DL/UL channels and signals, configuration and scheduling timelines, requirements for different traffic/QoS, and coexistence with legacy UEs.  

Interference Management for NOFD
As analysed in Section 2, for NOFD, both inter-gNB and inter-UE CLI can occur, including intra-subband CLI and inter-subband CLI. Intra-subband CLI comes from inter-cell interference, which is mainly discussed in our companion contribution [3]. Inter-subband CLI may happen among UEs from same serving cell, or among UEs from neighbouring serving cell, or among neighbouring gNBs.  
For inter-subband CLI measurement, energy detection would be more feasible than sequence detection, considering the energy leakage from one subband to another subband is non-linear. Therefore, RAN1 could focus on CLI-RSSI like measurements. Alternatively, RS-RSRP measurements may be used to estimate the level of coupling and decide on whether certain cross-links may be co-scheduled at a given time and/or minimum separation in frequency if scheduled in NOFD symbols.   
Interference Management for Inter-UE CLI 
For inter-subband CLI among UEs, on one hand, it is expected UL-to-DL interference among UEs within same serving cell without coordination would be larger than UEs from different serving cells, because distance between UEs in the same serving cell would be much smaller than UEs from different serving cells. On the other hand, CLI handling for UEs within same serving cell would be much easier than inter-cell case because it does not require coordination between neighbouring gNBs. For CLI measurement configuration and report for UEs within same serving cell, without burden of substantial information change and undesirable latency for backhaul for inter-cell coordination, CLI handling based on short term interference characteristic is more efficient, e.g., L1-based procedure. With L1-based CLI measurement and report, e.g., for both periodic and aperiodic measurement and report, gNB could immediately apply interference avoidance/coordination or link adaptation, e.g., by avoiding scheduling a pair of UEs suffering serious CLI, or adjusting DL power and MCS for victim UE. For inter-cell CLI handling, existing L3 based CLI-RSSI can be reused. In case of multiple TRPs with ideal backhaul, L1 based CLI procedure can also be helpful to reflect instantaneous interference conditions. 
In addition, RAN1 could also study the benefit of additional information exchange between gNBs to improve L3 CLI measurement and report, e.g., NOFD configuration, beamforming information, etc.  
Observation 6: 
· Inter-subband CLI among UEs in same serving cell may typically be more severe than CLI among UEs in different serving cells, if there is no interference coordination. However, inter-subband CLI among UEs in same serving cell can be well-controlled, based on more accurate and timely CLI reporting. 
Proposal 11: 
· RAN1 to study L1-based procedures for inter-UE CLI handlings well as enhancements for information exchange between gNBs to improve L3 based CLI handling. 

Interference management for inter-gNB CLI 
As analysed in section 2, even with aligned legacy TDD UL/DL configuration among gNBs, if the location of UL/DL subband is different, inter-gNB CLI still occurs. In other words, with NOFD operation, the probability of inter-gNB CLI increases compared with legacy TDD operation, thus enhancement to handle inter-gNB CLI is more imperative. 
To handle inter-gNB CLI, similar to gNB-to-gNB CLI handling for dynamic TDD [3], RAN1 needs to study CLI configuration, measurement, information exchange as well as coordination procedure. A unified solution for both inter- and intra-subband CLI is preferred. 
Proposal 12:
· RAN1 to study potential enhancements for inter-subband gNB-to-gNB CLI handling. 
Co-existence Issues 
One important aspect for NOFD study is co-existence with legacy gNB and legacy UE. A gNB supporting NOFD operation and UEs served by the gNB should be as friendly as a legacy TDD gNB or UE in the deployment. In the following, the impact of NOFD on DL reception/UL transmission procedure by legacy UE and interference to legacy gNB and legacy UE are discussed. 
Impact on DL Reception/UL Transmission Procedure by Legacy UE 
For legacy UE, UE receives DL in a DL symbol and transmits UL in a UL symbol without check of the validity of a symbol, i.e., UE does not expect the conflicting configuration between DL reception/UL transmission with TDD UL/DL configuration in DL/UL symbol. In flexible symbol, UE may expect conflicting information and would cancel the DL reception or UL transmission configured by higher-layer, e.g., CG PUSCH in a flexible symbol can be cancelled by DL assignment or SFI indication, etc. 
If gNB configures NOFD in legacy DL or UL symbol, proper scheduling by gNB should ensure no impact on legacy UE, e.g., any conflict between UL/DL subband and dynamically scheduled DL reception/UL transmission by legacy UE should be avoided, and also conflict between UL/DL subband and some cell-specific DL reception/UL transmission, e.g., collision between UL subband and SSB, by legacy UE should also be avoided. In flexible symbols, relying on existing mechanisms, the impact on legacy UE can be avoided. Nevertheless, further constraints on gNB scheduling to maximally facilitate coexistence with legacy UEs and cells (not all gNBs may be upgraded simultaneously) may be studied further.
Observation 7: 
· Impact of NOFD on DL reception and UL transmission procedure by legacy UE can be avoided by proper gNB scheduling.
CLI to Legacy gNB 
For co-channel deployment of legacy and enhanced duplex gNB, 
· Assuming semi-static DL/UL resource assignments, same UL/DL configuration is applied for enhanced duplex gNB and legacy gNB. 
· If NOFD operation is only configured in a legacy DL symbol, e.g., a UL sub-band is configured in a DL symbol in figure 9-1, NOFD operation at gNB1 does not have impact on UL reception by legacy gNB2. 
· If NOFD operation is configured in a legacy UL symbol, e.g., a DL sub-band is configured in a UL symbol in figure 9-2, legacy gNB2 suffers DL-to-UL interference in the UL symbol, including intra and inter-subband interference. It is noted that wideband filter is applied by legacy gNB2, thus no additional DL/UL isolation can be achieved by Rx filter.. 
	

	


	Figure 9-1 NOFD in DL symbol
	Figure 9-2 NOFD in UL symbol



· Assuming dynamic DL/UL resource assignment, different UL/DL configuration can be applied for enhanced duplex gNB and legacy gNB. Then, legacy gNB or enhanced duplex gNB may suffer DL-to-UL interference depending on UL/DL configuration combination, regardless of whether a UL or DL symbol can be configured with NOFD operation. Figure 10 provides an example, legacy gNB2 suffers DL-to-UL interference in 1st and 2nd UL symbol caused by DL subband in corresponding symbols at gNB1. 



Figure 10 Impact on legacy gNB for dynamic DL/UL resource assignment 
For adjacent channel deployment of legacy and enhanced duplex gNB, 
· Assuming semi-static DL/UL resource assignments, same UL/DL configuration is applied for enhanced duplex gNB and legacy gNB. 
· If NOFD operation is only configured in a legacy DL symbol, e.g., a UL sub-band is configured in a DL symbol, assuming reasonable scheduling, NOFD operation at gNB1 may not result in worse impact on UL reception by legacy gNB2 compared to legacy operation.

· If NOFD operation is configured in a legacy UL symbol, e.g., a DL sub-band is configured in a UL symbol, no CLI at gNB1 reception while legacy gNB2 suffers adjacent channel DL-to-UL interference in the UL symbol. 

· If DL subband is in the inner part of a carrier, DL-to-UL interference seen by legacy gNB2 would be smaller than the case with DL subband on the edge of a carrier, due to larger frequency offset between DL subband in CC1 and edge of CC2, as shown in Figure 11-1 and 11-2. 

	

	


	Figure 11-1 DL subband in inner part of a carrier 

	Figure 11-2 DL subband on the edge of a carrier 



· Assuming dynamic DL/UL resource assignment, different UL/DL configuration can be applied for enhanced duplex gNB and legacy gNB. Then, legacy gNB or enhanced duplex gNB may suffer adjacent channel DL-to-UL interference depending on UL/DL configuration combination, regardless of whether a UL or DL symbol can be configured with NOFD operation. 

It is noted that for inter-operator case, due to limited coordination, coexistence among different operators in co-channel and adjacent channels should be considered regardless of whether each cell operates in semi-static or dynamic DL/UL assignment mechanism. Coexistence considerations in adjacent channels may be studied by RAN4 while RAN1 may focus on the co-channel interference components.
According to analysis above, for semi-static DL/UL resource assignment with aligned TDD UL/DL configuration, co-channel and adjacent channel CLI interference to legacy gNB caused by NOFD operation can be avoided by forbidding DL subband(s) in legacy UL symbols. Considering limited benefit for additional DL resource in legacy UL symbol and impact on legacy gNB, it is suggested to not support NOFD operation in legacy UL symbol. For dynamic DL/UL resource assignment, it can be expected that CLI interference caused by a gNB with NOFD operation would not be worse than a legacy gNB with TDD operation. 
Observation 8: 
· For semi-static DL/UL resource assignment with aligned TDD UL/DL configuration, co-channel and adjacent channel CLI interference to legacy gNB caused by NOFD operation can be avoided by forbidding DL in legacy UL symbols. For dynamic DL/UL resource assignment, legacy gNB suffers co-channel and adjacent channel CLI from aggressor gNB with NOFD operation but the interference level would be no larger than aggressor gNB with legacy TDD. 
CLI to Legacy UE  
In general, CLI among Rel-18 UE and legacy UE is same as CLI among Rel-18 UEs, if same filter (wideband filter) is applied for Rel-18 and legacy UE. If subband filter can be applied for Rel-18 UE, the CLI level among Rel-18 UE and legacy UE would be larger than that among Rel-18 UEs, because additional DL/UL isolation cannot be achieved with wideband filter by legacy UE. 
For intra-cell CLI under enhanced duplex gNB
· In a symbol configured with NOFD operation, a legacy UE receives DL while a Rel-18 UE transmits UL in the UL subband. Legacy UE suffers adjacent channel UL-to-DL interference from the Rel-18 UE. Legacy UE only supports wideband filtering for reception, CLI level varies with wideband or subband based Tx filtering at Rel-18 UE side as shown in Figure 12. 
· However, since the UL transmissions from the UE are power-controlled to the gNB, with proper user selection, scheduling, and UL Power Control (ULPC) mechanisms, the UL-to-DL interference from transmissions within an UL subband to PRBs outside of the UL subband at a receiving UE, primarily manifested by in-band emissions, may not be significant.  



Figure 12 Inter-subband CLI between Rel-18 and legacy UEs 
For inter-cell CLI, 
· Assuming semi-static DL/UL resource assignments, same UL/DL configuration is applied for neighboring gNB. 
· If same NOFD pattern is applied for neighboring gNB, legacy UE suffers inter-subband UL-to-DL same as intra-cell case, while the interference level would be lower than intra-cell case, due to larger distance between UEs in different cells. 
· If different NOFD pattern is applied for neighboring gNB, e.g., a UE is under gNB with NOFD operation and a legacy UE is under legacy gNB with TDD operation, legacy UE may suffer both inter and intra-subband CLI for DL reception, if UL subband can be configured in a legacy DL symbol. 
· Assuming dynamic DL/UL resource assignments, different UL/DL configuration is applied for neighboring gNB. 
· UE may suffer DL-to-UL interference depending on UL/DL configuration combination, regardless of whether a UL or DL symbol can be configured with NOFD operation. The interference level would not be worse than legacy dynamic TDD case. 

For CLI handling, legacy UE still relies on Rel-16 CLI mechanism (if supported by the UE), while Rel-18 UE can be configured with advanced CLI mechanism, e.g., L1-based measurement and report, to provide more accurate interference result to aid proper scheduling to avoid intra-cell CLI to legacy UE. gNB may approximately derive the interference observed by a legacy UE for DL reception if the Rel-18 UE transmits in UL subband based on both L1 report from the Rel-18 UE and L3 report by the legacy UE. Consequently, CLI suppression/coordination for both intra-cell and inter-cell case can be improved, compared with legacy dynamic TDD case.  
Observation 9: 
· CLI enhancement for Rel-18 UE can improve CLI performance for legacy UE. 
Observation 10:
· Legacy UE may suffer intra-cell inter-subband CLI, but with appropriate user selection, scheduling, and ULPC mechanisms, the CLI may not be significant enough to cause further performance degradation caused by NOFD.   
[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on potential enhancements on subband non-overlapped full duplex. Further, we summarize the observations and proposals as follows:
Observation 1: 
· Performance gain, implementation feasibility and complexity for NOFD would be different for different deployments in different frequency bands.
Observation 2: 
· For UL reception at gNB supporting NOFD operation, the UL performance is determined by self-interference cancellation/isolation at gNB side, depending on RF filter/digital filter assumptions at gNB transmitter, antenna isolation assumption, and RF/digital interference suppression/cancellation at gNB receiver, all of which need careful investigations by RAN4.  
Observation 3: 
· The impact of NOFD operation on UL reception at gNB side with consideration of inter-subband DL-to-UL interference depends on the assumption of gNB Tx and Rx filtering, which should be well-investigated by RAN 4.  
Observation 4: 
· The impact of NOFD operation on DL reception at UE side with consideration of inter-subband UL-to-DL interference depends on the assumption of UE Tx and Rx filtering, which require inputs from RAN4.  
Observation 5: 
· Explicit NOFD configuration in time and frequency domains can be beneficial for scheduling flexibility and resource efficiency, compared with transparent NOFD operation to UE by reusing existing mechanism.  
Observation 6: 
· Inter-subband CLI among UEs in same serving cell may typically be more severe than CLI among UEs in different serving cells, if there is no interference coordination. However, inter-subband CLI among UEs in same serving cell can be well-controlled, based on more accurate and timely CLI reporting. 
Observation 7: 
· Impact of NOFD on DL reception and UL transmission procedure by legacy UE can be avoided by proper gNB scheduling.
Observation 8: 
· For semi-static DL/UL resource assignment with aligned TDD UL/DL configuration, co-channel and adjacent channel CLI interference to legacy gNB caused by NOFD operation can be avoided by forbidding DL in legacy UL symbols. For dynamic DL/UL resource assignment, legacy gNB suffers co-channel and adjacent channel CLI from aggressor gNB with NOFD operation but the interference level would be no larger than aggressor gNB with legacy TDD. 
Observation 9: 
· CLI enhancement for Rel-18 UE can improve CLI performance for legacy UE. 
Observation 10: 
· Legacy UE may suffer intra-cell inter-subband CLI, but with appropriate user selection, scheduling, and ULPC mechanisms, the CLI may not be significant enough to cause further performance degradation caused by NOFD.   
Proposal 1: 
· RAN1 to study all potential scenarios for both FR1 and FR2, with prioritization for a set of deployments in FR1 in early phase of the study. 
Proposal 2: 
· RAN1 needs to study and evaluate performance of NOFD for following deployments,  
· Aligned UL/DL configurations and frequency resource partition among neighbouring gNBs.  
· Non-Aligned UL/DL configurations and frequency resource partitions among neighbouring gNBs.  
Proposal 3: 
· Send an LS to RAN4 with questions to RAN4 on: 
· Modelling of self-interference at gNB  
· Modelling of inter-subband interference 
· Assumptions of Tx/Rx filtering at gNB and UE 
Proposal 4: 
· RAN1 to agree on scenarios and preliminary evaluation assumptions, including initial assumptions on SI cancellation/isolation and CLI modelling and update the assumptions once feedback is received from RAN4. 
Proposal 5: 
· Only support NOFD operation in legacy DL symbol and flexible symbol. NOFD operation may not be supported in legacy UL symbols. 
Proposal 6: 
· For intra-carrier NOFD operation, a maximum of one UL subband within the carrier may be defined in symbol(s) with NOFD operation.
Proposal 7: 
· RAN1 to study candidate DL and UL sub-band locations in one symbol, including different candidate locations of an UL sub-band within a carrier.
Proposal 8: 
· RAN1 should prioritize the study of NOFD operation within a carrier. NOFD operation on multiple carries (intra-band CA with different TDD UL/DL configurations) can be studied with lower priority. 
Proposal 9: 
· RAN1 to study signalling design options for NOFD configuration to enable efficient NOFD operation.
Proposal 10: 
· RAN1 to study potential enhancements to UE behavior for collision handling between DL reception/UL transmission and UL and/or DL subband(s), considering different DL/UL channels and signals, configuration and scheduling timelines, requirements for different traffic/QoS, and coexistence with legacy UEs.  
Proposal 11: 
· RAN1 to study L1-based procedures for inter-UE CLI handlings well as enhancements for information exchange between gNBs to improve L3 based CLI handling. 
Proposal 12: 
· RAN1 to study potential enhancements for inter-subband gNB-to-gNB CLI handling.
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