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[bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
A new study item on “Study on evolution of NR duplex operation” was approved in RAN#94-e [1] with following objectives:
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:
· 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).
Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
[bookmark: _Ref129681832]This contribution discusses the potential areas of study related to non-overlapping subband full duplex (SBFD). 
Implementation of SBFD
A node capable of non-overlapping SBFD, can transmit and receive simultaneously in different sub-bands in frequency domain. Thus, a gNB capable of SBFD can perform DL and UL at the same time but different sub-bands within the same carrier. An example is illustrated in Fig. 1. The gNB receives UL in sub-band 1 in slot 1 and performs DL in sub-band 2 in the same time resources. Instead of slots, the granularity in time can be symbols/ groups of slots/ frames as well.  Generally, according to the conventional definition, sub-bands are defined as groups of RBs/RBGs. However, Simultaneous DL and UL operation in SBFD is possible in non-overlapping REs within a carrier. An example is illustrated in Fig. 2 where 2 REs are in DL and rest of the REs in the same time resource are in UL. An advantage of allowing SBFD at an RE level will be accommodating wide-band reference signals (RS) like CSI-RS to spread across the bandwidth while having UL in the rest of the orthogonal REs within the same bandwidth. In both the figures 1 and 2, the SBFD is orthogonal or non-overlapping type. 
[image: ]
Fig. 1 SBFD in different non-overlapping sub-bands
[image: ]
Fig. 2 DL and UL in orthogonal frequency resources but same time resources in terms of individual REs
Observation 1: Simultaneous DL and UL in SBFD can be made non-overlapping in frequency domain by restricting them to different sub-bands (groups of RBs) within a carrier or non-overlapping REs within a carrier.  
Proposal 1: Study the time domain granularity of SBFD operation and frequency domain granularity of subband. 
Implementing SBFD at the gNB results in inter sub-band interference between UL and DL sub-bands. The amount of interference depends upon the transmit power at the gNB, the guard between the sub-bands, etc. Further, the gNB might be capable of suppressing a certain amount of the interference by active dedicated circuitry or techniques like beamforming. One way to reduce the interference is to have separate panels for DL and UL operations at the gNB. The physical separation between the panel will ensure a minimum level of interference. The major bottleneck of this implementation will be its effect on reciprocity. In NR, many procedures assume reciprocity between DL and UL channels. E.g., the UE uses pathloss measured on DL RS for performing power control in UL. Thus, there is a need to study the impacts of using different panels at the gNB for DL and UL on reciprocity assumption of channels. 
Observation 2: Using different panels at the gNB for DL and UL operation reduces interference but impacts reciprocity assumption between UL and DL channels.
Proposal 2: Study the impacts of using different panels at the gNB for DL and UL operations on reciprocity assumption of channels.
A gNB capable of SBFD, should be able to configure a UE as DL and another UE as UL simultaneously. However, in the current NR framework, TDD_UL_DL_config_common provides a cell specific TDD configuration for all UEs within a cell. Therefore, the SBFD operation is limited to the F part of the TDD configuration provided by TDD_UL_DL_config_common. Further, the UEs should be scheduled DL and UL in non-overlapping frequency resources. However, the active BWP of UEs can either be completely orthogonal to each other or overlap in frequency domain. In case of overlapping BWPs, scheduling should ensure that the UEs are performing DL and UL in non-overlapping subbands. 
However, this already existing way of implementing SBFD at the gNB is not the most efficient way. Enhancements should be studied for more efficient implementation of SBFD.
Proposal 3: Study enhancements related to TDD configuration for the efficient implementation of SBFD at the gNB.
Proposal 4: Study whether enhancements are needed for BWP configuration for the efficient implementation of SBFD at the gNB.
Schemes to utilize SBFD
SBFD at a gNB has different use cases like reducing latency of data traffic exchange, UL coverage enhancement etc. This will have an impact on various channels. E.g., UL coverage can be enhanced by repetition of data, control signals or reference signals (RS). In this scenario, certain enhancements will be needed in the data, control channels or RS for efficient implementation of the scheme, which in this case, is repetition of the signals. 
Observation 3: Different use cases of SBFD will have impacts on the different channels.
Proposal 5: Study enhancements to data channel, control channel and RS to support different use cases of SBFD.
Management of CLI 
Fig. 3 shows a flexible TDD network where the adjacent gNBs are performing DL and UL simultaneously. As a result of this, there is  UE-to-UE and gNB-to-gNB CLI in the system as shown in the figure. In this scenario, the DL from BS 1 interferes with the UL signal received by BS 2 from UE 2, and the UL from UE 2 interferes with DL signal received by UE 1 from BS 1. The UE-to-UE CLI is inter-cell. Similar CLI will also be present in case of networks with SBFD enabled gNBs. Fig. 4 shows an example of an SBFD enabled gNB performing DL and UL simultaneously in different sub-bands. This will result in intra-cell UE-to-UE CLI. Our companion contribution [2] discusses these CLI and potential enhancements to mitigate it.
[image: ] 
Fig. 3 CLI between gNBs (BSs) and UEs
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Fig. 4 Intra-cell UE-to-UE CLI
Observation 4:  Networks with SBFD enabled gNBs are subject to intra-cell UE-to-UE CLI, in addition to the CLI present in flexible TDD system.
Proposal 6: Consider solutions proposed for CLI management in flexible TDD as the starting point for CLI management in networks with SBFD enabled gNBs.
In case of intra-cell UE-to-UE CLI scenario, the gNB will have information about the approximate location of different UEs in the cell, e.g., based on beams. gNB can use the location information to schedule UEs in such a way that 2 nearby UEs are not performing DL and UL simultaneously, thereby reducing the UE-to-UE CLI. Moreover, inter-cell UE-to-UE CLI management techniques can be applied here as well. Hence, a study needs to be performed to confirm whether any technique is required exclusively for handling intra-cell UE-to-UE interference.
Observation 5: Intra-cell UE-to-UE CLI can be managed by scheduling and inter-cell UE-to-UE CLI management techniques.
Proposal 7: Study whether any technique is required exclusively for handling intra-cell UE-to-UE CLI in SBFD.
Impact on legacy operation
The victim UE in a UE-to-UE CLI scenario might be a Rel. 18 UE or a legacy UE.  For Rel. 15 UE, gNB can ensure by its scheduling mechanisms that intra cell UE-to-UE interference is avoided. Rel. 16 CLI management can be used for Rel. 16 and beyond UEs. However, there are no techniques to manage inter- cell UE-to-UE CLI in case the victim UE is a Rel. 15 UE. Hence, techniques at the Rel. 18 UE transmitter is required to minimise the impact on legacy UEs, specially Rel. 15 UEs.
Proposal 8: Study UE-to UE CLI management techniques at the transmitter side for Rel. 18 and beyond UEs to minimise impact on legacy UEs.
Conclusion
The following observations and proposals are made in this contribution,
Observation 1: Simultaneous DL and UL in SBFD can be made non-overlapping in frequency domain by restricting them to different sub-bands (groups of RBs) within a carrier or non-overlapping REs within a carrier.  
Proposal 1: Study the time domain granularity of SBFD operation and frequency domain granularity of subband.
Observation 2: Using different panels at the gNB for DL and UL operation reduces interference but impacts reciprocity assumption between UL and DL channels.
Proposal 2: Study the impacts of using different panels at the gNB for DL and UL operations on reciprocity assumption of channels.
Proposal 3: Study enhancements related to TDD configuration for the efficient implementation of SBFD at the gNB.
Proposal 4: Study whether enhancements are needed for BWP configuration for the efficient implementation of SBFD at the gNB.
Observation 3: Different use cases of SBFD will have impacts on the different channels.
Proposal 5: Study enhancements to data channel, control channel and RS to support different use cases of SBFD.
Observation 4:  Networks with SBFD enabled gNBs are subject to intra-cell UE-to-UE CLI, in addition to the CLI present in flexible TDD system.
Proposal 6: Consider solutions proposed for CLI management in flexible TDD as the starting point for CLI management in networks with SBFD enabled gNBs.
Observation 5: Intra-cell UE-to-UE CLI can be managed by scheduling and inter-cell UE-to-UE CLI management techniques.
Proposal 7: Study whether any technique is required exclusively for handling intra-cell UE-to-UE CLI in SBFD.
Proposal 8: Study UE-to UE CLI management techniques at the transmitter side for Rel. 18 and beyond UEs to minimise impact on legacy UEs.
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