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1 Introduction

On RAN meeting #98e, a study on evolution of NR duplex operation was introduced in [1].  

The detailed objectives were as follows:

· Identify applicable and relevant deployment scenarios (RAN1).

· Develop evaluation methodology for duplex enhancement (RAN1).

· Study the sub-band 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-sub band CLI and inter-sub band CLI in case of the sub-band 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-sub band CLI, and the inter-operator CLI at gNB and the inter-sub band 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 must 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. 
In this document, we would like to propose including a statement in the TR38.858 regarding additional study items required for enhancing dynamic TDD and developing SBFD on flexible symbols.
2 Dynamic/Flexible TDD
In the Rel-18 SID [1], one of the objectives identified was to potentially find enhancements on dynamic/ flexible TDD specifically to study and identify solutions for inter-gNB and inter-UE CLI.  One of the objectives for RAN4 was to study the feasibility and RF requirements of this scheme considering adjacent-channel co-existence scenarios, including inter-operator CLI at gNB and inter-operator CLI at UE.
In RAN1, dynamic/flexible TDD was studied and a new scheme “dynamic SBFD” was also proposed by some companies at the later stage of the Rel-18 study item. For the latter, no conclusions/recommendations are drawn in TR 38.858. Moreover, for both schemes, all the work focused on the single operator case, while the more practical case of two operators in adjacent frequency bands was not addressed.  All the observations/conclusions and recommended enhancements were aimed at mitigating “co-channel” interference—as opposed to “adjacent channel” interference.  Thereby, in our perspective, the study of dynamic/flexible TDD or dynamic SBFD is not complete from the standpoint of combating or limiting adjacent channel CLI, which is one of the main objectives of the study.

Observation 1: In RAN1, dynamic/flexible TDD and the dynamic SBFD variant were not studied in the practical deployment scenario of two operators in adjacent bands, whereby, de facto, the study does not consider performance degradation due to adjacent channel CLI.

RAN4, did not conduct any simulations with dynamic/flexible TDD in Rel-18 SI as similar discussions took place under Rel-16 and were captured in TR 38.828 [2]. Following recommendations were made in section 6.3.1.1 of TR 38.828 [2] concerning Urban Macro to Urban Macro scenario in FR1
-
“Performance degradation was observed from the BS-to-BS interference for macro-macro scenario, which suggests that dynamic TDD should not be operated in such scenarios.”
Observation 2: For Urban Macro to Urban Macro scenario, performance degradation was observed due to BS-to-BS interference, cf. TR 38.828; per recommendations in TR 38.828, dynamic TDD should not be operated in macro-to-macro scenario.
While for Indoor-to-Macro and Indoor-to-Indoor scenarios, TR 38.828 [2] in section 6.3.1.2 recommends the following:
· Performance degradations were not observed from operating dynamic TDD between an indoor network and a macro network and vice versa if there is sufficient isolation between them. No significant impact from operating dynamic TDD for the indoor scenario was observed as long as the BS and UE powers are similar and the operator’s co-ordinate so that base station positions are offset. If higher BS power is assumed, some throughput degradation in the indoor scenario was observed due to BS-to-BS interference. The observations imply that dynamic TDD can be used in indoors as long as care is taken.
Observation 3: For Indoor-to-Macro TR 38.828 concluded that with sufficient isolation between networks, performance degradation was not observed.  While for Indoor-to-Indoor scenario there was no significant impact on performance as long as BS and UE powers are same; however, if BS uses higher power, then careful planning is required in deploying dynamic TDD indoors.
Based on the above proposals there is a need to re-evaluate dynamic/flexible TDD in dual-operator scenarios to study the isolation requirements to assure fair co-existence. 
Proposal 1: Include in TR38.858 a statement that dynamic/flexible TDD requires further study that includes co-existence on dual-operator scenarios relative to legacy TDD.

Proposal 2: Include in TR38.858 a statement that dynamic/Flexible TDD requires further study to determine how much isolation between indoor network and macro network is required to ensure fair co-existence.  Similarly, the indoor scenario requires further study when BS power is higher than UE power.
3 SBFD on flexible symbols
NR re-defined the slot concept to have symbols that can be either DL or UL or Flexible, where a flexible symbol can be made DL or UL dynamically.  Depending on the traffic load in a cell, the flexible symbols within the slot can be redefined for a UE or group of UEs using TDD-UL-DL-ConfigDedicated.  But this dynamic reconfiguration may result in intra-operator CLI as well as inter-operator CLI.

In RAN1 and RAN4, all the studies assumed that all symbols in a slot are either DL or UL. In the simulation studies the only scenario considered was allowing the whole slot to employ SBFD.  None of the simulation scenarios considered employing SBFD in flexible symbols.  The effect of allowing SBFD on flexible symbols within a slot need to be studied further especially in context of co-existence with legacy TDD networks.

Observation 4:  Flexible symbols affect the TDD pattern coordination between two networks similarly to how dynamic TDD does, even in the absence of SBFD: the same potential adjacent channel interference between flexible symbols and legacy TDD can be induced.
Proposal 3: SBFD on flexible symbols requires further study to identify the specification limits needed to fairly co-exist with legacy TDD networks.

4 Conclusion
In this report, we have identified areas requiring further analysis and clarifications.  These were captured on the observations and proposals below:

Observation 1: In RAN1, dynamic/flexible TDD and the dynamic SBFD variant were not studied in the practical deployment scenario of two operators in adjacent bands, whereby, de facto, the study does not consider performance degradation due to adjacent channel CLI.

Observation 2: For Urban Macro to Urban Macro scenario, performance degradation was observed due to BS-to-BS interference, cf. TR 38.828; per recommendations in TR 38.828, dynamic TDD should not be operated in macro-to-macro scenario.
Observation 3: For Indoor-to-Macro TR 38.828 concluded that with sufficient isolation between networks, performance degradation was not observed.  While for Indoor-to-Indoor scenario there was no significant impact on performance as long as BS and UE powers are same; however, if BS uses higher power, then careful planning is required in deploying dynamic TDD indoors.
Proposal 1: Include in TR38.858 a statement that dynamic/flexible TDD requires further study that includes co-existence on dual-operator scenarios relative to legacy TDD.

Proposal 2: Include in TR38.858 a statement that dynamic/Flexible TDD requires further study to determine how much isolation between indoor network and macro network is required to ensure fair co-existence. Similarly, the indoor scenario requires further study when BS power is higher than UE power.
Observation 4:  Flexible symbols affect the TDD pattern coordination between two networks similarly to how dynamic TDD does, even in the absence of SBFD: the same potential adjacent channel interference between flexible symbols and legacy TDD can be induced.
Proposal 3: SBFD on flexible symbols requires further study to identify the specification limits needed to fairly co-exist with legacy TDD networks.
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