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In the RAN plenary RAN#100 Rel-19 workshop, it has been identified in the RAN chairman’s summary that normative work on Duplex Evolution is expected in Rel-19 [1]. The discussions were based on the Rel-18 study item [2], which has been ongoing in RAN1 and RAN4. The SI focuses on identifying enhancements to support subband non-overlapping full duplex (SBFD) operation, on which scenarios SBFD is applicable, on enhancements to CLI handling in both dynamic TDD and SBFD, and how to assess the performance of SBFD. The detailed list of the SI objectives is presented below: 
	• Identify applicable and relevant deployment scenarios (RAN1).
• Develop evaluation methodology for duplex enhancement (RAN1).
• 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). 
	² 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 RAN1 #114, text proposals to TR 38.858 were provided [5], containing the main conclusions from the RAN1 study. RAN4 is still finalizing this study and evaluating which deployments are considered feasible for subband non-overlapping full duplex operation.
In this document, Nokia’s views regarding a potential Rel-19 work item on Duplex Evolution are presented. In Section 2 we discuss our views on the justification of this work item. In Section 3, we present our views on the objectives of a work item and we conclude this document in Section 4.
2.  Nokia’s view on the Duplex Evolution WI justification

NR supports both paired and unpaired spectrum and since Rel-15 it supports flexible utilization of unpaired spectrum, also known as dynamic TDD or flexible TDD. In Rel-16, during the CLI-RIM WI, mechanisms to support UE-to-UE CLI mitigation techniques were developed, based on the CLI-RSRP and CLI-RSSI measurement framework. During the Rel-16 WI, though, there was no work on the support of gNB-to-gNB CLI mitigation other than mechanisms to support network coordination to exchange the intended frame structure.
Despite the Rel-16 enhancements to support dynamic TDD, usually a fixed DL-heavy TDD frame configuration is used. In real deployments, UL performance could be the bottleneck in some vertical use-cases, e.g. video uploading. Allocation of a limited time duration for the UL in TDD can result in reduced coverage, increased latency and reduced UL capacity. Part of these issues have been addressed in previous work items such as coverage enhancements in Rel-17 and Rel-18, but the increased UL latency and reduced UL capacity issues remain.
During the Rel-18 SI on duplex evolution, two main topics have been studied in RAN1: enhancements to support subband non-overlapping full-duplex and enhancements to dynamic TDD. It has been concluded that SBFD alternative 4, in which the UE is aware of the frequency and time location of the different subbands, is feasible from the specification perspective. Furthermore, the draft TR 38.858  also lists a set of scenarios in which SBFD improves the UL performance when compared to static TDD. SBFD is especially beneficial for indoor scenarios, where the gNB transmit power is rather limited and comparable to the UL transmit power. In FR1 urban macro scenarios, where the gNB has higher transmit power, the benefits of SBFD are limited due to the strong self-interference and inter-sector interference at the gNB. There is no consensus in RAN4 on whether this scenario is feasible considering the practical implementation aspects of the gNB, but there are still remaining meetings in this SI.
One mechanism to mitigate the effect of the gNB self-interference is to use separate panels for transmission and reception. During the SI, 3 different SBFD gNB antenna configuration were considered in comparison with a gNB TDD antenna configuration: 1) same area & same TxRUs, 2) twice area & same TxRUs and 3) same area and half TxRUs. It is important to highlight that the conclusions regarding SBFD performance captured in the TR assume twice area and same TxRUs, while the remaining options were not considered due to insufficient number of collected results. This antenna configuration implies that SBFD-capable base stations are larger than traditional TDD base stations which can complicate the deployment of SBFD to operators. 
Regarding the study on dynamic TDD, our results in [4] show that the dynamic TDD performance can be improved by gNB-to-gNB CLI mitigation techniques. The draft TR in [6] provides a summary of the discussions in the study item. The evaluated gNB-to-gNB CLI mitigation schemes include advanced gNB receivers, power-based and frequency coordination. During the SI, companies also presented spatial coordination as a valid scheme for gNB-to-gNB CLI mitigation perspective. On the comparison between dynamic TDD and SBFD, it is important to note that in indoor scenarios, depending on the packet size, dynamic TDD outperforms SBFD. Dynamic TDD is already supported in the specification, and it does not require updates in the gNB hardware. Therefore, our view is that dynamic TDD enhancements should be part of a Rel-19 WI. 
[bookmark: _Hlk144459657]SBFD provides gains in scenarios where the gNB TX power is rather limited.
SBFD performance conclusions captured in the TR assume gNB antenna configuration with twice the area as traditional TDD gNBs. This should carefully consider by operators during the deployment of SBFD
Dynamic TDD performance can be further improved by gNB-to-gNB CLI mitigation techniques. Dynamic TDD implementation is simpler than SBFD, it is already supported in the specification and provides better performance than SBFD  in certain indoor scenarios.
3. Potential WI objectives

In this section, we list below Nokia’s views on the WI objectives with some clarifications in red on our preferred scope. Our priority is on addressing the problem of UE-to-UE and gNB-to-gNB CLI for dynamic TDD, as we consider dynamic TDD to be more feasible for deployment already in the 5G-time frame (recall it is already supported in the specification and does not require changes to BS hardware). Second, we see SBFD-enablers as the second priority given the significant challenges in terms of BS hardware and - so far – unattractive benefit vs complexity tradeoffs. Considering that many companies have expressed interest in SBFD-specific normative work in Rel-19, we can accept topics that are fundamental to the support of SBFD from the specification point of view, and on the definition of RAN4 requirements for those.
	· UE-to-UE and gNB-to-gNB CLI handling enhancements for dynamic TDD and SBFD [RAN1, RAN2, RAN3, RAN4] 
· UE-to-UE CLI measurements and reporting:
· Support of L1/L2 measurements and reporting
· Specify SBFD-specific enhancements, e.g., to support inter-subband measurements and reporting
· Inter-gNB information exchange which enables:
· gNB-to-gNB and UE-to-UE CLI measurements and reporting
· CLI mitigation schemes such as gNB advanced receivers, and power, spatial and scheduling coordination
· Signalling between gNBs
· gNB self-interference handling:
· Specify enhancements to mitigate the gNB self-interference due to the time misalignment between UL reception and DL transmission
· Specify SBFD UL/DL subbands time and frequency configuration/indication to SBFD-aware UE for both RRC_CONNECTED and RRC_IDLE modes [RAN1/RAN2]
· Signaling for semi-static and dynamic SBFD configuration 
· Focus on dynamic switching between SBFD and static TDD operation without the need for RRC-reconfiguration (not necessarily per TTI basis) 
· Enhancements to support random access procedure in SBFD symbols, including PRACH configuration
· Specify SBFD collision handling and priority rules between conflicting UL and DL [RAN1/RAN4]
· Including UE behavior and measurements during SSB symbols
· Time and frequency resource allocation enhancements for SBFD [RAN1/RAN2/RAN4]
· Enhancements to PDSCH/PUSCH/PDCCH/PUCCH channels and corresponding DMRS, with or without repetition/ TBoMS to support SBFD and non-SBFD symbols 
· Including Type 1 and Type 0 FDRA
· Enhancements to SRS, CSI-RS configuration and CSI reporting 
· UE RF requirements: study and specify if needed UE RF requirements enhancements for more efficient SBFD operations, such as improved ACLR performance, maximum input power requirements, UE blocking robustness including the intermodulation requirements. [RAN4]
· BS RF requirements based on the outcome of the TR [RAN4]
Note: Objectives are applicable to the scenarios considered as feasible by RAN4.



4. Detailed discussion on the objectives
Inter-UE and inter-gNB CLI handling enhancements for dynamic TDD and SBFD 
CLI handling is a key aspect for both dynamic TDD and SBFD operation, which introduce both UE-to-UE and gNB-to-gNB CLI. During the Rel-18 SI, different handling enhancements for the inter-UE and inter-gNB CLI were discussed:
UE-to-UE CLI measurements and reporting
Our view is that accurate and timely measurements and reporting are important for dynamic TDD and SBFD, specially in cases with dynamic interfering conditions such as high mobility scenarios or dynamic SBFD deployments or with stringent quality of service requirements. On the measurements, the TR concludes that SRS-RSRP and CLI-RSSI are considered the metric as baseline while enhancements on the measurement resources configuration are to be studied. On the reporting, the TR concludes that CSI framework should be used although other options are not precluded. In our opinion, more detailed discussions about how to properly configure and report the CLI should be conducted during the WI phase. Regarding the specific enhancements to SBFD, the following enhancements are listed in the TR: 
1)	Inter-UE inter-subband CLI measurement
2)	UE-to-UE CLI-RSSI measurement and report across downlink subbands
The TR captures multiple methods/ alternatives for each enhancement, and those can be down-selected and specified during the work item phase.
Inter-gNB information exchange
This is a key enabler for the CLI measurements and reporting as measurement resource and reporting configuration, as well as measurement results should be exchanged between gNBs. This is relevant for both gNB-to-gNB and UE-to-UE CLI measurements. Further discussions on this topic are required during the WI phase. As an example, the standardized SRS-RSRP UE CLI measurements is currently not fully supported since the SRS configuration of the aggressor UE is not exchanged between gNBs. 
Information exchange among gNBs is also relevant for the purpose of CLI mitigation. Companies during the duplex evolution SI provided simulation results on several schemes such as: advance receivers, spatial, power-based, and scheduling coordination among others. Such schemes require information exchange between gNBs, e.g., preferred/non-preferred DL beams of the aggressor gNB, SBFD time/frequency configuration, power reduction indication, etc. In our view this topic is quite relevant and requires the involvement of RAN3.
	gNB self-interference handling
Additionally, the TR also captures an aspect related to the BS self-interference due to time misalignment between UL and DL transmissions if a non-zero NTA_offset value is configured. Even though in the TR one source mentions that this effect can be rather small when the impairments in the gNB transmit chains and sub-band filtering are considered, our view is that this aspect should be revisited and evaluated during the WI phase. 

Specify SBFD UL/DL subbands time and frequency configuration/indication to SBDF-aware UEs for both RRC_CONNECTED and RRC_IDLE modes 
SBFD support in RRC_CONNECTED and RRC_IDLE mode
During the Rel-18, RAN1 extensively discussed SBFD configuration and SBFD-aware behaviors and operation in SBFD symbols. Whilst most of the conclusions in draft TR 38.858 apply to UEs in RRC_CONNECTED, in RAN1 #114 the potential benefits of supporting SBFD for random access were also captured in the draft TR. These benefits include reducing the initial access delay, enhancing the UL coverage and decreasing the PRACH collision probability. Therefore, we think it is important to continue the discussions on the required signaling and corresponding UE behavior to support of random access in both RRC_CONNECTED and RRC_IDLE during the work item.
Dynamic SBFD
Additionally, most of the study focused on discussing the semi-static SBFD configuration, which comprises which information is exchanged between the gNB and UE for the SBFD subbands definitions, and how this information is exchanged. During the SI, a dynamic version of SBFD has also been discussed, which would allow the gNB to transition between a SBFD operation and a non-SBFD operation. The benefits and challenges of supporting a dynamic version of SBFD were captured in the draft TR 38.858: 
In our view, if the configuration of SBFD is only semi-static and the traffic conditions change in the cell, or the number of UEs that support SBFD in a cell at a given time is reduced, we could incur in the case in which a SBFD-heavy configuration is adopted in the cell, but there is no need for so many UL resources. This was reflected in some of the simulation results provided in RAN1 (indoor scenario, large packet size) where semi-static SBFD only provides minor gain when compared to semi-static TDD while is significantly outperformed by dynamic TDD [4]. In a semi-static configuration, there are different ways to configure the SBFD slots: using a cell-specific configuration, or a UE specific configuration. In any case, the network would need to update the information in SIB or send a RRC reconfiguration message to all RRC connected UEs in the corresponding cell every time it needs to adjust the frame structure. This process can take up to several hundreds of milliseconds and may additionally require a significant amount of signaling between the network and the UEs, which in practice makes it unfeasible to modify the SBFD configuration, even quite sporadically.
Since SBFD operation was studied for symbols configured as Downlink or Flexible in TDD-UL-DL-ConfigCommon, we think that providing a way to fallback from the SBFD slot to the type of slot that was originally configured in TDD-UL-DL-ConfigCommon would be beneficial in the situations mentioned above. This behavior would allow the gNB to quickly adapt to the traffic conditions. It is important to clarify that we do not expect this operation to be done with a very short periodicity, such as on a slot-basis, considering the above cases for dynamic SBFD. 
Specify SBFD collision handling and priority rules between conflicting UL and DL 
During the study item, there was no conclusion regarding the collision handling between UL transmissions and DL receptions in SBFD symbols, even though this topic has been proposed for discussion by different companies. In despite of that, our view is that it is essential to define how collisions would be handled by the UE in the Rel-19 work item. It is important to also discuss how to handle the case in which the time between DL receptions and UL transmissions is less than the Rx-Tx switching time at the UE.
These collisions would include, for example:  
· Semi-static UL vs. scheduled DL
· Semi-static UL vs. semi-static DL
· Scheduled UL vs. semi-static DL
The exact cases can be discussed during the WI. 
In addition to the collision handling, another aspect that could be handled in this objective, is whether to allow UL transmissions in SSB symbols. It has been agreed during the Rel-18 WI that it is allowed to configure an UL subband in SSB symbols. However, there was no conclusion on whether UL transmissions are allowed or not. Benefits and challenges of both options have been captured in the TR, but the decision on whether to allow UL transmissions, under which conditions it would be allowed and what would be the expected UE behavior in this case, need to be clarified during the work item.
Enhancements for transmissions and receptions
SBFD requires enhancements for transmissions and receptions in NR. First, the SBFD-symbol can consist of two DL-subbands, with an UL-subband placed in the center of the carrier. Therefore, support for allocation on non-contiguous DL subbands should be defined in a Rel-19 WI. Second, transmissions and receptions can occur across SBFD and non-SBFD symbols, which might require different configurations in the power and spatial domain, and different frequency and time resource allocation, as captured in the TR. Third, there is need to define whether/ how to support channels and signals to be allocated across SBFD and non-SBFD symbols in the same slot, and what is the expected UE behavior in such case.
Below, these enhancements are discussed in detail: 
· Frequency resource allocation enhancements: This includes enhancements or clarifications about the frequency domain resource allocation (FDRA) Type 0 for PDSCH and PUSCH when the boundaries of the different subbands and the resource block groups (RBG) are not aligned. The need for this enhancement has been captured in the agreements during the Rel-18 study item. In our view, enhancements of FDRA type 1 could also be included in the Work Item, since currently this FDRA only supports contiguous allocation. Similarly, how to support the allocation of resources for CSI-RS across different DL subbands needs to be specified.
· Transmissions and receptions across SBFD and non-SBFD symbols in different slots: the allocation of signals and channels, including PDSCH, PDCCH, CSI-RS, PUSCH, PUCCH and SRS would be affected if allowed to be mapped across SBFD and non-SBFD symbols in different slots, especially in cases with repetition or TBoMS. Different aspects have been discussed and included in the TR 38.858 and would need to be addressed during the WI:
· Whether to define separate FDRA determination for SBFD slots and non-SBFD slots, to drop or postpone a DL/UL channel that overlaps with RBs outside DL/UL subbands or to perform rate matching or puncturing on the RBs outside the DL/UL subbands for DL/UL signals.
· CSI report in case the CSI-RS transmission instances occur in SBFD and non-SBFD slots
· Whether to configure separate resources, frequency hopping, UL power control parameters and/or beam spatial relations for SRS, PUCCH and PUSCH
· Whether to support CORESET and a search space that occurs in both SBFD and non-SBFD symbols, and what is the expected UE behavior in this case.
· Transmission/ reception occasions of channels/signals mapped to SBFD and non-SBFD symbols in the same slot: In SI phase, the benefits and challenges have been studied. If it is agreed that a slot can consist of both SBFD and non-SBFD symbols in the same slot, there is need to discuss whether the UE is expected or not to transmit or receive in slots that have mixed types of symbols, and on under which conditions this is expected. While other feasible operation can also been discussed as not excluded, as agreed in SI.
RAN4 requirements
Finally, a significant effort has been spent on the discussion of the SBFD feasibility and impact on gNB RF and UE RF requirements during the study item. The discussions in RAN4, as mentioned earlier, are still ongoing and the feasibility of SBFD in the different scenarios is being evaluated. 
Our proposal is to define RAN4 requirements following the conclusions and recommendations of TR 38.858. Apart from the RF requirements, we also envision that definition of demodulation and RRM requirements will be needed in the Rel-19 WI.
Apart from the aspects studied in Rel-18, we also support UE RF enhancements to be discussed in the Rel-19 WI, as discussed in our contribution to the Rel-19 workshop [3], to enable more efficient SBFD operations. Among these enhancements, we propose to study the following and define new UE RF requirements if needed, such as:
· ACLR performance
· Maximum input power requirements
· UE blocking robustness including the intermodulation requirements

5. Conclusion
In this document, Nokia’s views on a potential Rel-19 WI on Duplex evolution are presented. The following is observed: 
1. SBFD provides gains in scenarios where the gNB TX power is rather limited.
SBFD performance conclusions captured in the TR assume gNB antenna configuration with twice the area as traditional TDD gNBs. This should carefully consider by operators during the deployment of SBFD
Dynamic TDD performance can be further improved by gNB-to-gNB CLI mitigation techniques. Dynamic TDD implementation is simpler than SBFD, it is already supported in the specification and provides better performance than SBFD  in certain indoor scenarios.
Based on the justification presented in Section 2, we propose the following objectives to be discussed in the R19 normative phase:
	· UE-to-UE and gNB-to-gNB CLI handling enhancements for dynamic TDD and SBFD [RAN1, RAN2, RAN3, RAN4] 
· UE-to-UE CLI measurements and reporting:
· Support of L1/L2 measurements and reporting
· Specify SBFD-specific enhancements, e.g., to support inter-subband measurements and reporting
· Inter-gNB information exchange which enables:
· gNB-to-gNB and UE-to-UE CLI measurements and reporting
· CLI mitigation schemes such as gNB advanced receivers, and power, spatial and scheduling coordination
· Signalling between gNBs
· gNB self-interference handling:
· Specify enhancements to mitigate the gNB self-interference due to the time misalignment between UL reception and DL transmission
· Specify SBFD UL/DL subbands time and frequency configuration/indication to SBFD-aware UE for both RRC_CONNECTED and RRC_IDLE modes [RAN1/RAN2]
· Signaling for semi-static and dynamic SBFD configuration 
· Focus on dynamic switching between SBFD and static TDD operation without the need for RRC-reconfiguration (not necessarily per TTI basis) 
· Enhancements to support random access procedure in SBFD symbols, including PRACH configuration
· Specify SBFD collision handling and priority rules between conflicting UL and DL [RAN1/RAN4]
· Including UE behavior and measurements during SSB symbols
· Time and frequency resource allocation enhancements for SBFD [RAN1/RAN2/RAN4]
· Enhancements to PDSCH/PUSCH/PDCCH/PUCCH channels and corresponding DMRS, with or without repetition/ TBoMS to support SBFD and non-SBFD symbols 
· Including Type 1 and Type 0 FDRA
· Enhancements to SRS, CSI-RS configuration and CSI reporting 
· UE RF requirements: study and specify if needed UE RF requirements enhancements for more efficient SBFD operations, such as improved ACLR performance, maximum input power requirements, UE blocking robustness including the intermodulation requirements. [RAN4]
· BS RF requirements based on the outcome of the TR [RAN4]
Note: Objectives are applicable to the scenarios considered as feasible by RAN4.
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