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1. Introduction
At the RAN#94e meeting, a new SID [1] on “Study on evolution of NR duplex operation” was approved. The detailed objectives are as follows.

	[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 discuss potential enhancements on dynamic/flexible TDD.

2. Potential enhancements on dynamic/flexible TDD 
Concerning the interference of duplex enhancement, following two cases are considered as shown in Fig.1. 

1. Cross link interference at UE 
In this case, an aggressor signal is UL signal transmitted by other UE, and a victim signal is DL signal transmitted by gNB at UE reception. UE-UE CLI measurement and reporting mechanisms, such as CLI-RSSI and SRS-RSRP measurements were introduced in Rel-16, and it can be a baseline mechanism for UE-UE CLI in subband non-overlapping full duplex operation. Further enhancement for UE-UE CLI can be considered, e.g. introducing spatial domain information, layer 1 based measurement and reporting.

2. Cross link interference at gNB 
In this case, an aggressor signal is DL signal transmitted by other gNB, and a victim signal is UL signal transmitted by UE at gNB reception. The inter-gNB interference is expected in dynamic/flexible TDD operation, and it is necessary to study the impact of inter-gNB interference. Since the impact would be critical for the duplex operation, CLI handling at gNB can be studied.
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Figure 1. Example of potentional interference for duplex enhancement. 

2.1. Cross link interference management at UE
At the RAN1#110bis e-meeting, the UE-to-UE CLI handling for duplex enhancement was discussed and following agreement was made [2].
	Agreement
For UE-to-UE co-channel CLI measurement, consider as baseline reusing existing channel(s)/signal(s)/measurement_resource(s)
· For example, SRS resources defined in Rel-16 for SRS-RSRP measurement, CLI-RSSI resources defined in Rel-16 for CLI-RSSI measurement
· FFS potential enhancements



As shown in Fig.2, if the direction of antenna beam at aggressor UE1 for UL transmission and the direction of antenna beam at victim UE0 for DL reception are matching, e.g. “beam b” is the best beam and selected for DL reception at UE0, it would be possible that UE1 UL transmission causes an interference to DL reception at UE0. On the other hand, if UE0 uses “beam c” even if the beam is the 2nd best beam but can achieve sufficient DL received power, the interference caused by UE1 UL transmission would become smaller at UE0 reception since the beam c does not direct to UE1 transmission beam. Therefore, measurement resource and reporting configuration with spatial information, and configuration for multiple beam measurement can be considered, and the measurement results and reporting can be used for the CLI handling based on spatial domain coordination.

Proposal 1: Measurement resource and reporting configuration with spatial information, and configuration for multiple beam measurement should be considered.

[image: ]
Figure 2. Example of UE-UE CLI.


Another potential enhancement is to introduce L1/L2 based measurement and reporting, and at the RAN1#111 meeting, following agreement was made [3].

	Agreement
For the purpose of UE-to-UE CLI mitigation, consider the following potential enhancements:
· For L1/L2 UE-to-UE CLI reporting, periodic, semi-persistent, aperiodic or event triggered reporting.
· For L1/L2 UE-to-UE CLI measurement, periodic, semi-persistent, or aperiodic measurement resource.
Companies are encouraged to bring additional details and evaluation results to determine the benefit of the above potential enhancements.



For the dynamic/flexible TDD or SBFD scenarios, interference environment may vary dynamically, e.g., according to the transmission direction (UL or DL) based on the traffic for aggressor UE. Therefore, L1/L2 based CLI measurement and reporting are beneficial as reporting of the latest instantaneous interference level. In addition, the timeline of the measurement and reporting is important factor to reflect the dynamically changing environment. In order to minimize the reporting delay, flexible configuration of the measurement and reporting is important, and event triggered reporting is also beneficial with considering the timeline.

For the measurement resources for L1/L2 based CLI measurement, following options can be considered.

Option 1: Reuse existing measurement resource for layer 3 measurement
Option 2: Introduce new measurement resource for layer 1 measurement

Fig.3 shows the measurement model in Figure 9.2.4-1 of TS38.300 [4]. As shown in Fig.3, layer 1 measurement results are used for the layer 3 measurement, and hence the measurement resource for layer 3 measurement is used as the measurement resource for layer 1 measurement. So, even if layer 1 based measurement and reporting for UE-UE CLI are introduced, no new measurement resource for layer 1 measurement need to be introduced.



Figure 3. Measurement model (Figure 9.2.4-1 of TS38.300)

To reduce specification impact for L1 UE-to-UE CLI reporting, existing CSI reporting framework can be reused, which supports periodic, semi-persistent, aperiodic CSI reporting. For example, new report quantity(-ies) can be introduced for CSI content as L1 UE-to-UE CLI measurement result, e.g. L1-CLI-RSSI, and/or L1-CLI-SRS-RSRP. It is also possible that L1 UE-to-UE CLI measurement results can be jointly reported with existing CSI report quantities, e.g. new report quantity as L1-SINR-CLI-RSSI can be configured for L1 SINR and L1 CLI-RSSI measurement reporting.

Proposal 2: For L1/L2 based CLI measurement reporting, event triggered reporting is beneficial for delay, and existing mechanisms such as measurement resource configurations for L3 based CLI measurement and CSI reporting framework can be reused for the L1/L2 based CLI measurement and reporting.


2.2. Cross link interference management at gNB
At the RAN1#111 meeting, the gNB-to-gNB CLI handling for duplex enhancement was discussed and following agreements were made [3].
	Agreement
For gNB-to-gNB co-channel CLI measurement and/or channel measurement, at least periodic NZP CSI-RS/SSB is the baseline in RAN1 study.
· FFS: Whether SSB is CD-SSB or NCD-SSB
In the study RAN1 assumes that exchange of configuration for NZP CSI-RS /SSB can be an enabler for gNB-to-gNB CLI measurement and/or channel measurement. 

Agreement
For gNB-to-gNB co-channel CLI handling, beam level (i.e., based on measurement result per SSB resource and/or per CSI-RS resource) CLI measurement can be considered for study.



Periodic NZP CSI-RS and SSB (CD-SSB or NCD-SSB) were agreed as the baseline RS for the gNB-to-gNB CLI measurement. If the time and frequency resources for the RS transmission are common between victim gNB and aggressor gNB, the victim gNB may need to perform simultaneous transmission and reception. Therefore, CD-SSB for which the time/frequency resources would be typically common across gNBs may not be sufficient, and hence CSI-RS or NCD-SSB can be considered for the CLI measurement. And in this case, a victim gNB needs to know the CLI measurement resource, and hence the exchange of information about measurement resources to set the measurement window is necessary. The information can be exchanged via F1-AP as well as the exchange of TDD DL/UL patterns.

Proposal 3: NZP CSI-RS and NCD-SSB are considered for gNB-to-gNB CLI measurement.

Proposal 4: Information for measurement window needs to be exchanged among gNBs via F1-AP.

gNB-to-gNB CLI is potentially happened, especially when the direction of antenna beam at aggressor gNB for transmission and the direction of antenna beam at victim gNB for reception are matching. Therefore, measurement configuration with gNB’s spatial domain information would also be important for the CLI measurement.

Proposal 5: Information to be exchanged among gNBs should include spatial domain information.



As agreed at RAN1#110bis meeting, further study on potential benefit of UL resource muting can be considered. 

	Agreement
For gNB-to-gNB co-channel CLI measurement, the potential benefit of uplink resources muting can be studied further.
Note: Proponents of uplink resource muting are encouraged to provide evaluation result for comparison of performance between two cases when uplink resource muting based gNB-gNB CLI handling schemes including both UE transparent and non-UE transparent schemes is applied or not.



Background of the discussion is that gNB-to-gNB CLI measurement resource informed by aggressor gNB may collide with UE UL Tx resource configured by victim gNB. In order to avoid the collision, following two solutions can be considered.

Solution 1 : Victim gNB handles the collision
· i.e. victim gNB does not schedule any UL signal/channel in the CLI measurement resource, and re-configure higher layer configured UL channels/single before the CLI measurement
Solution 2 : UE UL muting
· Victim gNB indicates UL muting indication to UEs

Solution 1 can be the potential solution for the most of scenarios with no specification effort. And solution 2 can be considered in some specific scenarios e.g. when the victim gNB needs to perform the CLI measurement immediately once it receives the information of CLI measurement resource, so that it may not have time to re-configure UL channels/signals. If these kinds of specific scenarios are critical for the gNB-to-gNB CLI measurement, we are open to discuss solution 2. 

If we find the necessity of solution 2, one possible way is to reuse Rel-16 UL cancellation indication (UL CI) by DCI 2_4. However, the UL CI indication resource granularity is too rough especially for frequency domain granularity, i.e., only two groups for the whole BWP size. However, depending on the channel/signal used for gNB-to-gNB CLI measurement resource, the UL muting resource granularity may be RE level, e.g. UE only needs to mute on certain REs or PRBs instead of all PRBs of the whole BWP or half BWP. In addition, UE needs to cancel the whole UL transmission indicated as not available by UL CI. However, considering the muting resource may be very small number of REs or PRBs, UE may not need to cancel the whole UL transmission, e.g. rate matching around the resources. Reusing legacy UL CI for UL muting resource indication may lead to UL system efficiency degradation. Therefore, UL muting resource indication resource with small granularity in time/ frequency domain can be considered.

Proposal 6: Necessity of UL muting resource indication should be discussed based on typical scenarios for gNB-to-gNB measurement. And if we find the necessity of UE UL muting, UL muting resource indication with small granularity in time/ frequency domain can be considered.

3. Conclusion
In this contribution, we discussed potential enhancements on CLI handling for dynamic/flexible TDD. Based on the discussion we made the following proposals and observation.

Proposal 1: Measurement resource and reporting configuration with spatial information, and configuration for multiple beam measurement should be considered.

Proposal 2: For L1/L2 based CLI measurement reporting, event triggered reporting is beneficial for delay, and existing mechanisms such as measurement resource configurations for L3 based CLI measurement and CSI reporting framework can be reused for the L1/L2 based CLI measurement and reporting.

Proposal 3: NZP CSI-RS and NCD-SSB are considered for gNB-to-gNB CLI measurement.

Proposal 4: Information for measurement window needs to be exchanged among gNBs via F1-AP.

Proposal 5: Information to be exchanged among gNBs should include spatial domain information.

Proposal 6: Necessity of UL muting resource indication should be discussed based on typical scenarios for gNB-to-gNB measurement. And if we find the necessity of UE UL muting, UL muting resource indication with small granularity in time/ frequency domain can be considered.
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