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[bookmark: _Ref4817]Introduction
In RAN#95 e-meeting, a revised SID on NR duplex evolution has been endorsed with the following objectives [1].
	[bookmark: _Hlk89819652]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. 



In this contribution, we provide our analysis on scope, scenarios and potential enhancements on dynamic/flexible TDD in Rel-18.
Overview
Scope of dynamic/flexible TDD
The SID clearly mentions dynamic/flexible TDD. However, there may be different understandings on dynamic/flexible TDD. 
Understanding#1: Two adjacent cells are configured with different semi-static slot format configurations, e.g., one is DDDSU and another one is DSUUU.
Understanding#2: At least one cell is configured with L1 slot format indication, i.e., SFI. 
Currently, semi-static slot format configuration is widely used and the application of SFI is limited. Thus, Understanding#1 has more urgent market need while Understanding#2 can be of lower priority. 
Proposal 1: RAN1 studies the following two kinds of dynamic/flexible TDD in Rel-18 Duplex.
· Understanding#1 (1st priority): Two cells are configured with different semi-static slot format configurations.
· Understanding#2 (2nd priority): At least one cell is configured with L1 slot format indication, i.e., SFI. 

Scenarios and interferences
[bookmark: OLE_LINK1]For TDD system in NR, more flexible frame structure configurations are supported. So time domain resources can be flexibly assigned to uplink (UL) and downlink (DL) considering the asymmetric ratio of traffic in corresponding directions. Figure-1 shows a typical deployment that includes two cells deployed at the same frequency, one is a Macro cell and another is a Micro cell. For the Macro cell, it is usually configured with more time domain resources for DL to adapt to the DL heavy traffic features (e.g., online video). However, the requirement may be reverse for the Micro cell, which is deployed for the UL heavy scenario (e.g., Factory automation), and more time domain resources will be configured as UL (e.g., DSUUU). 
[image: ]
Figure-1: A typical deployment of co-channel interference between neighboring cells
The legacy mechanism of TDD frame structure configuration can be reused for both of the Macro cell and Micro cell. And, the main issue is cross link interference (CLI) among these cells with different traffic attribute. As an example shown in Figure-1, there are mainly two types of co-channel interference in the purple dotted box, i.e., gNB-gNB co-channel intra-subband interference (I2) and UE-UE co-channel intra-subband interference (I5) as defined in our contribution [2]. 
Similarly, if different cells are deployed in adjacent channels, two types of adjacent channel interference should be further considered for cells with different frame structures. More specifically, they are gNB-gNB adjacent-channel interference (I4) and UE-UE adjacent-channel interference (I7) as defined in our contribution [2].
In addition, legacy types of interferences, including gNB-UE co-channel intra-subband interference (DL) (I8) and UE-gNB co-chanel intra-subband interference (UL) (I10) should also be considered for dynamic/flexible TDD. 
Proposal 2: The following interferences are to be considered for dynamic/flexible TDD study. 
· gNB-gNB co-channel intra-subband interference;
· UE-UE co-channel intra-subband interference;
· gNB-gNB adjacent-channel interference;
· UE-UE adjacent-channel interference;
· gNB-UE co-channel intra-subband interference (Legacy);
· UE-gNB co-chanel intra-subband interference (Legacy).

When studying the interference for dynamic/flexible TDD, different solutions may have different impacts on the macro base station and micro base station. Generally speaking, macro base stations are deployed earlier than the micro base station, the impacts to the legacy macro base stations should be minimized.
Proposal 3: During the interference cancellation/management study, the impact to the legacy macro base stations should be minimized. 
Coordination between AI 9.3.2 and AI 9.3.3
In general, all interference types to be considered for the dynamic/flexible TDD are subsets of that for subband full duplex. Therefore, the related interference evaluation and interference coordination mechanisms will possibly be reused in the two scenarios. 
However, the interference cancellation/management for subband full duplex is discussed under AI 9.3.2 and the interference cancellation/management for dynamic/flexible TDD is discussed under AI 9.3.3. Coordination is needed to avoid duplicated discussion between these two agenda items. 
Proposal 4: RAN1 discusses how to coordinate on interference cancellation/management for subband full duplex (AI 9.3.2) and dynamic/flexible TDD (AI 9.3.3) to avoid duplicated discussion. 

Interference management and cancellation
Existing mechanisms
During Rel-16, UE-UE CLI handling and RIM for NR were standardized for TDD. 
UE-UE CLI
SRS-RSRP and CLI-RSSI are defined for evaluating interference strength among UEs. Obviously, these measurements can be reused without definition of new RS or measurement type for the measurement purpose in Rel-18. 
The TA value applied to the SRS transmission for the SRS-RSRP measurement for another UE is the same as the latest TA for regular UL symbols transmitted to the gNB. For UE which performs the SRS-RSRP measurement, the reception timing of the SRS may not be aligned with its own DL reception timing. The offset between the SRS reception timing and the DL reception timing may change according to the movement of the UE. However, a constant offset relative to the DL reception timing is used for SRS measurement in Rel-16 CLI, and the constant offset is derived by UE implementation.
In addition, semi-static DL/UL configuration can be exchanged between gNB for facilitating network coordination. 
RIM
The related design focuses on mitigating the impact of gNB-gNB remote interference, which is caused by atmospheric ducting phenomenon. 
A new type of RS, i.e., RIM-RS is introduced for remote interference measurement. And the functionalities of the RIM-RS is to provide information on whether the atmospheric ducting phenomenon exists for assisting the aggressor to identify how many UL OFDM symbols at victim is impacted. Further, the ‘set ID’ of victim gNB or aggressor gNB will also be carried on the RIM-RS to enable the information exchange through backhaul. 
The RIM-RS takes effect under different frameworks, which are defined for coordination of remote interference among different gNBs. And a gNB will be provided with the monitoring information of the RIM-RS and corresponding report configuration via its OAM. 
[bookmark: OLE_LINK3]Then, remote interference mitigation schemes can be applied at aggressor after detecting RS(s) sent by the victim. Meanwhile, a victim cell may also take actions to mitigate remote interference. However, the specific schemes, such as, time/frequency/spatial/power-domain based mitigation schemes, depends on the gNB implementation. 
The Rel-16 UE-UE CLI and RIM for remote interference should be considered as the baseline for any further enhancements to avoid having duplicated features.
Proposal 5: Take the Rel-16 UE-UE CLI and RIM as a starting point for Rel-18 enhancements on dynamic/flexible TDD. 

Potential enhancements
gNB-gNB CLI
As described above, Rel-16 RIM focuses on gNB-gNB remote interference, which has its own characteristics. For example, the remote interference is caused by accumulated signals from a number of remote base stations with different distances, which can be up to hundreds of kilometers. So the IoT of the victim base station changes slowly and it demonstrates like a "sloping". In addition, the remote interference is usually reciprocal. That is, aggressor base station can also receive interference from victim base stations. 
Therefore, the interference coordination framework is relatively static, and reference signals need to meet the measurement requirements in long-distance transmission. However, the typical dynamic/flexible TDD scenario of the Rel-18 does not have these features. Therefore, the related design needs to be reconsidered.
Framework
As a typical deployment described in section 2, gNB-gNB CLI may be asymmetric according to specific frame structure configuration, i.e., only from a Macro gNB to Micro gNB. Further, due to different power levels between Macro gNB and Micro gNB, the measurement RS should be transmitted by the aggressor (i.e., Macro gNB), and measured by the victim (i.e., Micro gNB). 
Among all of the frameworks defined in Rel-16 RIM [3], only RIM Framework-1 below has RS-2 transmitted by aggressor. So it can be considered as a baseline for Rel-18.
Proposal 6: Rel-16 RIM Framework-1 can be considered as baseline for gNB-gNB interference management for Rel-18 dynamic/flexible TDD. 

[image: ]
Figure-2: RIM Framework-1

Measurement RS
[bookmark: OLE_LINK2]Different from Rel-16 RIM, gNB-gNB CLI for Rel-18 dynamic/flexible TDD only typical occurs among gNBs close with each other. So the existing DL RS (other than RIM-RS) can be used as measurement RS for overhead saving. 
If existing DL RS (e.g., SSB, CSI-RS) is reused as measurement RS for gNB-gNB CLI, timing determination for receiving measurement RS is a potential issue, which should be further considered. Aggressor will transmit measurement RS according to its normal DL transmission timing as the measurement RS is shared for its UE. Then, victim may be required to adjust its receiving timing accordingly for better measurement performance. 
Proposal 7: The existing DL RS (e.g., SSB, CSI-RS) can be reused as measurement RS for gNB-gNB CLI for Rel-18 dynamic/flexible TDD. 
· FFS: determination of receiving timing of the victim. 

UL rate matching/cancellation operation
When the victim performs the gNB-gNB CLI measurement, it cannot perform the downlink transmission on the measurement resources. In addition, if the UE transmits UL signal on the measurement resources, the CLI measurement result may be affected. Therefore, it is better not to perform the uplink reception on the measurement resources to obtain more accurate CLI measurement. 
In NR, rate matching is used to avoid the impact of the CSI measurement from the other DL transmission. For example, the rate matching around the ZP CSI-RS. For CLI measurement, a similar rate matching mechanism can be considered for the UL transmission or the DL transmission if the victim wants to transmit DL signals on the other frequency resource during the measurement. Alternatively, UL cancellation mechanism can be considered with the enhancement on higher indication granularity.
Proposal 8: UL rate matching/cancellation mechanism can be defined for more accurate gNB-gNB measurement. 
UE-UE CLI
From our point of view, most of mechanisms defined in Rel-16 CLI can be reused for UE-UE CLI in Rel-18 dynamic/flexible TDD. That is, SRS-RSRP and CLI-RSSI measurement can be reused for UE-UE CLI in Rel-18. Considering the typical deployment in Rel-18 dynamic/flexible TDD, a potential enhancement may be timing alignment for the measurement RS transmission. 
Timing alignment
As shown in Figure-3, UL transmission from UE1 under Micro cell will interfere DL reception of UE2 under Macro cell by assuming the UL and the DL transmission are overlapped. T1, T2 and T3 represent the unidirectional transmission time between UE1 and Micro gNB, between Macro gNB and UE2, and between UE1 and UE2, respectively. 
[image: ]
Figure-3: Timing issue for measurement RS for UE-UE CLI
Then, the UE1 transmits SRS according to its normal UL transmission timing. The SRS arrives to the UE 2 earlier than the DL signal from the Macro gNB and there is a time offset between the SRS reception timing and the DL reception timing at the UE2. More specifically, the normal uplink transmission timing at UE1 is T1+T0 before downlink transmission timing at BS side, wherein, T0 is [image: ] of Micro cell, and the reception timing at UE2 is T3 after the transmission by UE1. While for normal downlink reception timing at UE2 is T2 after the downlink transmission timing at BS side. So the time offset for UE2 to receive UE1’s SRS equals to T1+T0-T3+T2. 
In Rel-16 CLI, the time offset is derived by UE implementation. However, UE2 cannot derive the time offset accurately by itself, especially in the typical deployment of Rel-18 dynamic/flexible TDD showed in Figure-3. Therefore, potential enhancement on timing alignment should be reconsidered in Rel-18. 
Proposal 9: Timing alignment solution on measurement RS transmission for UE-UE CLI should be considered in Rel-18. 

Conclusion
In this contribution, we provide our analysis for potential enhancements on dynamic/flexible TDD and make the following observation and proposals.
Overview
Proposal 1: RAN1 studies the following two kinds of dynamic/flexible TDD in Rel-18 Duplex.
· Understanding#1 (1st priority): Two cells are configured with different semi-static slot format configurations.
· Understanding#2 (2nd priority): At least one cell is configured with L1 slot format indication, i.e., SFI. 

Proposal 2: The following interferences are to be considered for dynamic/flexible TDD study. 
· gNB-gNB co-channel intra-subband interference;
· UE-UE co-channel intra-subband interference;
· gNB-gNB adjacent-channel interference;
· UE-UE adjacent-channel interference;
· gNB-UE co-channel intra-subband interference (Legacy);
· UE-gNB co-chanel intra-subband interference (Legacy).

Proposal 3: During the interference cancellation/management study, the impact to the legacy macro base stations should be minimized. 
[bookmark: _GoBack]
Proposal 4: RAN1 discusses how to coordinate on interference cancellation/management for subband full duplex (AI 9.3.2) and dynamic/flexible TDD (AI 9.3.3) to avoid duplicated discussion. 

Interference management and cancellation
Proposal 5: Take the Rel-16 UE-UE CLI and RIM as a starting point for Rel-18 enhancements on dynamic/flexible TDD. 

Proposal 6: Rel-16 RIM Framework-1 can be considered as baseline for gNB-gNB interference management for Rel-18 dynamic/flexible TDD. 

Proposal 7: The existing DL RS (e.g., SSB, CSI-RS) can be reused as measurement RS for gNB-gNB CLI for Rel-18 dynamic/flexible TDD. 
· FFS: determination of receiving timing of the victim. 

Proposal 8: UL rate matching/cancellation mechanism can be defined for more accurate gNB-gNB measurement. 

Proposal 9: Timing alignment solution on measurement RS transmission for UE-UE CLI should be considered in Rel-18. 
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