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1	Introduction
The Rel-18 study item on evolution of NR duplex operation contains the following list of objectives related to both subband full duplex (SBFD) and dynamic TDD, with the RAN1 objectives highlighted in yellow.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. 


One of the objectives listed in the SID is "Study potential enhancements on dynamic/flexible TDD." In order to determine if enhancements would be beneficial, we think a phased approach should be taken in which the size of the UL subband in a SBFD system is varied. This comes from the observation that dynamic TDD can be considered as a special case of SBFD with either a 0% UL subband size or a 100% UL subband size. However, there is an in between case when the two operators deploy SBFD but use different UL subband sizes. This is illustrated from the gNB perspective in Figure 1. In this diagram there are two operators operating on adjacent channels, Operator A on Channel 1 and Operator B on Channel 2, where Operator A has a smaller configured UL subband than Operator B. For each operator, the red indicates DL transmission from the gNB and the green represents simultaneous UL reception from a UE scheduled by that gNB. From a gNB-gNB CLI perspective, Operator A is considered the victim in this example: the gNB of Operator A in Channel 1 receives interference in its UL subband from the DL transimissions of Operator B in Channel 2. This is due to the fact that the Adjacent Channel Leakage Ratio (ACLR) is not perfect; indeed, the RAN4 requirement is 45 dB. Given that there can be LOS propgagation conditions between gNBs and that the UL received signal level can be very weak, the CLI can be non-negligible, thus densensitizing the UL receiver in the victim gNB. The differing signal levels in the diagram are drawn from the perspective of the received levels observed at the gNB of Operator A (the victim).
If Operator A would have a 100% UL subband size and Operator B would have a 0% UL subband size, this would be equivalent to the CLI situation in a dynamic/flexible TDD deployment in which the two operators have un-coordinated TDD patterns – either un-coordinated semi-static patterns or un-coordinated patterns that change dynamically with the traffic.
Based on the above observations, we think that whether or not enhancements are needed for dynamic TDD can be studied in the context of SBFD since the CLI situations and potential solutions (if needed) are most likely very similar. What is different is whether the CLI is received from the full channel bandwidth of the aggressor node (for dynamic TDD) or is received from only a portion of the channel bandwidth of the aggressor node (for SBFD).
[bookmark: _Toc102140728]Dynamic/flexible TDD is a special case of subband full duplex (SBFD) where the UL subband size (0% or 100%) is different within and between operators.
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[bookmark: _Ref101953490]Figure 1: Two uncoordinated SBFD operators with different UL subband sizes. From a gNB-gNB CLI perspective, Operator A is the victim and Operator B is the aggressor. The received signal levels are illustrated from the perspective of the gNB of Operator A (the victim in this example).
2	Discussion
Based on the observation in the previous section, we think that whether or not enhancements of dynamic/flexible TDD are beneficial can be studied in the context of SBFD operation in which the UL subband sizes are different between different operators. This is due to the fact that potential CLI issues are common between the two approaches, and the former can be considered a special case of the latter. Hence, we propose that the study in RAN1 should take a phased approach where potential CLI issues and whether or not solutions are needed, are identified in each phase. In what follows we show how such a phased approach can be defined.

Phase 0 (Baseline: SBFD coexistence with static TDD)

This phase is characterized as follows:
· Operator A (SBFD): same UL subband size for all gNBs
· UL subband size is static
· Operator B (static TDD)
· Time domain TDD DL/UL pattern is static, and the same as Operator A

[bookmark: _Hlk102057933]This phase should consider the same baseline time domain TDD UL/DL pattern for both operators, e.g., D-D-D-D-U. Furthermore, slots with D-U-D configuration for Operator A are defined only in the 'D' slots of the time domain pattern. Please see a discussion in our companion paper [1] on this baseline SBFD solution. This is illustrated in Figure 2.
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[bookmark: _Ref101799559]Figure 2: Time/frequency domain pattern for Operator A in Phase 0.
Phase 0 corresponds to a legacy (static TDD) two-operator scenario in which one of the legacy operators (Operator A) is replaced with an SBFD operator. This introduces the potential for gNB-gNB CLI and UE-UE CLI that occurs only during 'D' slots of the time domain UL/DL pattern. This is illustrated in Figure 3. 
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[bookmark: _Ref101960156]Figure 3: Illustration of potential gNB-gNB and UE-UE CLI for Phase 0

The relevant performance impact by introducing SBFD is as follows:
· UL performance at gNB1 in Operator A's network
· Self interference from gNB1 DL
· Adjacent channel CLI from gNB2 DL in Operator B's network
· DL performance of UE2 (Legacy UE in Operator B's network)
· Adjacent channel CLI from UE1 UL in Operator A's network
· DL performance of UE3 (SBFD capable UE in Operator A's network)
· Co-channel CLI from UE1 UL in Operator A's network

Phase 1 (SBFD coexistence)

The incremental step compared to Phase 0 is to replace legacy Operator B with an SBFD operator with the same time domain TDD DL/UL pattern as Operator A, e.g., D-D-D-D-U.
· Operator A (SBFD): same UL subband size for all gNBs
· UL subband size is static
· Operator B (SBFD): same UL subband size for all gNBs
· UL subband size is static, but different size compared to Operator A


Phase 2 (Flexible SBFD coexistence)

The incremental step compared to Phase 1 is to allow the UL subband size to be different amongst gNBs of each operator.
· Operator A (SBFD): different UL subband size for different gNBs
· UL subband size is static
· Operator B (SBFD): different UL subband size for different gNBs
· UL subband size is static

Phase 3 (Dynamic TDD with a protected UL-only slot):

In this phase, the incremental step compared to Phase 2 is to allow the UL subband size in DL slots to be dynamic for both operators, where the subband size is either 0% or 100%. This is almost equivalent to dynamic TDD but with a protected UL-only slot as shown in Figure 2).
· Operator A (Dynamic TDD):
· Dynamic 0% or 100% UL subband size for different gNBs
· Operator B (Dynamic TDD):
· Dynamic 0% or 100% UL subband size for different gNBs

Phase 4 (Dynamic TDD):

In the final phase, the incremental step compared to Phase 3 is to allow the UL subband size to be dynamic for both operators, where the subband size is either 0% or 100%, for any slot. This is equivalent to dynamic TDD.
· Operator A (Dynamic TDD):
· Dynamic 0% or 100% UL subband size for different gNBs
· Operator B (Dynamic TDD):
· Dynamic 0% or 100% UL subband size for different gNBs

The intention of following this phased approach is that with each incremental step, it allows potential issues to be isolated. Furthermore, the ability to have a "control knob" to adjust the relative UL subband size amongst gNBs of different operators and/or amongst gNBs of the same operator provides a structured way of gaining insight on the sources of CLI and whether or not any particular one is dominant. If issues are identified in any of the phases, it is easier to discuss potential solutions in a targeted way.

[bookmark: _Toc101966110][bookmark: _Toc102053369]To study in a targeted way whether or not enhancements of dynamic/flexible TDD are beneficial, define a phased study approach based on a deployment with two SBFD operators with different UL subband sizes. Each phase introduces increasing sources of difference first between and then within each operator's network. In the final phase, full dynamic TDD is studied, which is equivalent to dynamic adjustment of the UL subband size between 0% and 100% of the carrier bandwidth.
Conclusion
In this contribution we make the following observations: 
Observation 1	Dynamic/flexible TDD is a special case of subband full duplex (SBFD) where the UL subband size (0% or 100%) is different within and between operators.

In this contribution we make the following proposals:
Proposal 1	To study in a targeted way whether or not enhancements of dynamic/flexible TDD are beneficial, define a phased study approach based on a deployment with two SBFD operators with different UL subband sizes. Each phase introduces increasing sources of difference first between and then within each operator's network. In the final phase, full dynamic TDD is studied, which is equivalent to dynamic adjustment of the UL subband size between 0% and 100% of the carrier bandwidth.
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