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1. Introduction
At the RAN#102 meeting, a new WID [1] on “Evolution of NR duplex operation: Sub-band full duplex (SBFD)” was approved. The detailed objectives are as follows.

	· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· Specify semi-static indication of time location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Specify semi-static indication of frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Specify SBFD operation to support random access in SBFD symbols by UEs in RRC CONNECTED mode [RAN1, RAN2]
· Study and specify, if justified, SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access [RAN1, RAN2]
· Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]
· Specify enhancements for CLI handling [RAN1, RAN2, RAN3]:
· Support gNB-to-gNB co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)



In this contribution, we discuss potential enhancements on CLI handling for SBFD.

2. gNB-to-gNB CLI handling schemes
Potential gNB-to-gNB CLI handling schemes were studied and evaluated in Rel-18 “Study on evolution of NR duplex operation”, and they are summarized in TR38.858 [2] with capturing following potential gNB-to-gNB CLI handling schemes. From those schemes, the down-selection will be done by RAN1#117 as described in the WID. 

1. gNB-to-gNB co-channel CLI measurement and/or channel measurement
2. Coordinated scheduling for time/frequency resources between gNBs
3. Spatial domain coordination method
4. UE and gNB transmission and reception timing
5. Power control based solution


2.1. gNB-to-gNB co-channel CLI measurement and/or channel measurement
Concerning to the potential enhancement for gNB-to-gNB CLI handling, CLI measurement can be considered since it is the straightforward way to recognize the interference level among gNBs. In order to support gNB-to-gNB CLI measurement, NZP CSI-RS and SSB were studied as candidate signals for the measurement, and following analysis is captured in [2].

	· gNBs, which measure gNB-to-gNB co-channel CLI using CD-SSBs from neighbor cells, might require muting/skipping some of the CD-SSBs if the time/frequency resource of CD-SSBs for the gNBs is overlapping.
· This approach might at least incur impact on initial access / cell search / RRM measurement performance
· In order to address the above issue, NCD-SSBs provided to neighbor gNBs can be used for CLI measurement at victim gNBs.
· SSB resources may be useful for coarse tracking of CLI levels 
· NZP CSI-RS resource configurations provided to neighbor gNBs can be used for the purpose of estimating inter-gNB CLI levels.
· NZP CSI-RS resource configurations provided to neighbor gNBs also can be used for the purpose of estimating inter-gNB channel which helps Tx / Rx gNBs perform beamforming to reduce inter-gNB CLI.



Based on the analysis, NZP CSI-RS and NCD-SSB can be assumed for gNB-to-gNB CLI measurement with avoiding the potential impact on initial access, cell search, and RRM measurement performance. Therefore, a victim gNB needs to know the CLI measurement resource, and the exchange of information about measurement resources to set the measurement window is necessary.

Proposal 1: gNB-to-gNB co-channel CLI measurement based on NZP CSI-RS and/or NCD-SSB should be considered with exchange of information about measurement resources between gNBs.


2.2. Coordinated scheduling for time/frequency resources between gNBs
Exchange of TDD configuration information among gNBs were introduced in Rel-16 for CLI handling, and the information is beneficial for gNB scheduling to avoid CLI. The TDD configuration will be extended to support SBFD operation, thus the information exchange should be enhanced with supporting SBFD configuration.

Proposal 2: Exchange of TDD configuration should be enhanced with supporting SBFD configuration.


2.3. Spatial domain coordination method
gNB-to-gNB CLI could potentially be severe, especially when the direction of antenna beam at aggressor gNB for transmission is matching with the direction of antenna beam at victim gNB for reception, as shown in Fig.1. Therefore, measurement configuration with gNB’s spatial domain information would be important for the CLI measurement.

In addition to utilizing the CLI measurement results with aggressor gNB’s spatial domain information, spatial domain coordination method should be considered as well, and following possible approaches can be considered. 

Option 1 : Aggressor gNB uses the information for it’s beam management, e.g. victim gNB requests aggressor gNB to use recommended aggressor gNB’s beam 
Option 2 : Victim gNB uses the information for it’s beam management, e.g. victim gNB receives aggressor gNB’s beam information for time resource to determine its beam

For both options, instantaneous beam information should be dynamically exchanged to apply the specific gNB beam to the specific time resource, and hence large signaling overhead would be caused. Although the information and coordination may be beneficial, spatial domain coordination method should be carefully considered with its signaling overhead. 

Proposal 3: Spatial domain coordination method should be carefully considered with signaling overhead.
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Figure 1. Example of gNB-to-gNB CLI.


2.4. UE and gNB transmission and reception timing
Timing misalignment between UL signal transmitted by UE and DL signal transmitted by aggressor gNB at reception of victim gNB, as shown in Fig.2, was studied. However, any specific outcome of the study is not captured in [2]. Although the misalignment can be handled so that CLI at symbol #2 can be managed if some mechanism for this issue is introduced, CLI still happens at symbol #0 and #1. Therefore, general mechanisms for handling/mitigating CLI is more important than the mechanism for timing misalignment.

Proposal 4: The issue on timing misalignment between UE and gNB transmission and reception should be low priority.
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Figure 2. Example of timing misalignment of Rx signals at victim gNB.


2.5. Power control based solution
Power control based solution for CLI handling was studied and evaluated during the study item, and the outcome is captured in [2]. The solution with additional power control scheme, e.g. DL power reduction at aggressor gNB is beneficial to reduce the CLI level and improves UL performance. However, DL power reduction at aggressor gNB would degrade the DL performance for UEs which connect to the aggressor gNB. Therefore, the power control based solution should be low priority.

Proposal 5: Power control based solution for CLI handling should be low priority.

3. UE-to-UE CLI handling schemes
Potential UE-to-UE CLI handling schemes were also studied and evaluated in Rel-18 “Study on evolution of NR duplex operation”, and they are summarized in [2] with capturing following potential UE-to-UE CLI handling schemes. Same as gNB-to-gNB CLI handling schemes, the down-selection from following candidates will be done by RAN1#117 as described in the WID. 

1. UE-to-UE co-channel CLI measurement and reporting
2. Coordinated scheduling for time/frequency resources between gNBs
3. Spatial domain coordination method
4. UE and gNB transmission and reception timing
5. Power control based solution


3.1. UE-to-UE co-channel CLI measurement and reporting
Enhancement of UE-to-UE CLI measurement and reporting was studied, and following two schemes are captured in [2].

· L1/L2 based UE-to-UE CLI measurement and reporting
· Inter CLI measurement and reporting

L1/L2 based UE-to-UE CLI measurement and reporting

In the SBFD operation, interference level on resources 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 to obtain the latest instantaneous interference level on the resources. In addition, the timeline of the measurement and reporting is important factor to obtain the dynamically changing interference information. In order to minimize the reporting delay, flexible configuration of the measurement and reporting would be necessary, and event triggered reporting is also beneficial with considering the timeline.

Proposal 6: L1/L2 based UE-to-UE CLI measurement and reporting should be considered to obtain the instantaneous interference information.

Subband based CLI measurement and reporting

In the SBFD operation, there will be non-contiguous DL subbands in SBFD slot/symbol, and different CLI interference level is expected in each of the DL subbands. Therefore, CLI measurement and reporting for each subband is beneficial. 

For inter-UE inter-subband CLI measurement, following methods were identified during the study item and are captured in [2].

· Method#1: victim UE measures RSSI within DL subband
· Method#2: victim UE measures RSRP of potential aggressor UE’s signal within UL subband
· Method#3: victim UE measures RSSI within UL subband

As summarized in [2], methods #2 and #3 can be used to identify presence of aggressor UE’s transmission, and potential advantage of methods #2 and #3 is that simultaneous DL reception at DL subband and RSRP/RSSI measurement at UL subband may be possible. On the other hand, timing misalignment between DL reception at DL subband and RSRP/RSSI measurement at UL subband may be an issue to realize simultaneous reception/measurement, and method #1: RSSI measurement at DL subband is sufficient to measure interference level of each subband. Therefore, we think at least Method#1 should be considered.

Proposal 7: Subband based CLI measurement and reporting should be considered, and at least Method #1 : victim UE measures RSSI within DL subband should be considered.


3.2. Coordinated scheduling for time/frequency resources between gNBs
As discussed in section 2.2, exchange of TDD configuration should be enhanced with supporting SBFD configuration, and the enhancement is also beneficial for UE-to-UE CLI handling.

Observation 1: Exchange of SBFD configuration is also beneficial for UE-to-UE CLI handling.


3.3. Spatial domain coordination method
Example of UE-to-UE CLI is shown in Fig.3, and if the direction of antenna beams of aggressor UE1 is matching with that of victim UE0, e.g. “beam b” is the selected best beam of UE0 for DL reception, it ispossible that UE1’s UL signal may cause strong CLI to UE0’s DL reception. On the other hand, if UE0 uses “beam c” for DL reception, which is the 2nd best beam but sufficient DL received power is expected, it could achieve better DL reception performance than the case of “beam b” thanks to reduced CLI. Therefore, interference management with spatial domain can be considered as a potential enhancement of UE-to-UE CLI. 

Proposal 8: Spatial domain coordination method should be considered.
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Figure 3. Example of UE-to-UE CLI.


3.4. UE and gNB transmission and reception timing
Timing misalignment between UEs was studied, but any outcome of the study has not been made. One of the examples of the timing misalignment is shown in Fig.4. In the example, UE0 connects to Macro gNB0 while UE1 connects to indoor gNB1. Because of the large difference of propagation delay, UL Tx timing misalignment between UE0 and UE1 happens, and it may affect the accuracy of CLI measurement based on SRS at victim UE. On the other hand, this scenario may not be a typical scenario, as generally UEs in proximity, that potentially cause strong UE-to-UE CLI, have similar propagation delay and transmission timing. Thus, CLI handling scheme for UE and gNB transmission and reception timing alignment should be low priority.

Proposal 9: UE and gNB transmission and reception timing alignment should be low priority.

[image: ]
Figure 4. Example of timing misalignment of  UE UL Tx signals.


3.5. Power control based solution
Power control based solution for UE-to-UE CLI handling was also studied and evaluated, and outcome is captured in [2]. The solution with additional power control scheme, e.g. UL power reduction at aggressor UE is beneficial to reduce the CLI level and improves DL performance. However, UL power reduction at aggressor UE would degrade the UL performance of the UE. Therefore, the power control based solution should be low priority.

Proposal 10: Power control based solution should be low priority.

4. Conclusion
In this contribution, we discussed potential enhancements on CLI handling for SBFD. Based on the discussion we made the following proposals.

gNB-to-gNB CLI handling schemes
Proposal 1: gNB-to-gNB co-channel CLI measurement based on NZP CSI-RS and/or NCD-SSB should be considered with exchange of information about measurement resources between gNBs.

Proposal 2: Exchange of TDD configuration should be enhanced with supporting SBFD configuration.

Proposal 3: Spatial domain coordination method should be carefully considered with signaling overhead.

Proposal 4: The issue on timing misalignment between UE and gNB transmission and reception should be low priority.

Proposal 5: Power control based solution for CLI handling should be low priority.

UE-to-UE CLI handling schemes
Proposal 6: L1/L2 based UE-to-UE CLI measurement and reporting should be considered to obtain the instantaneous interference information.

Proposal 7: Subband based CLI measurement and reporting should be considered, and at least Method #1 : victim UE measures RSSI within DL subband should be considered.

Observation 1: Exchange of SBFD configuration is also beneficial for UE-to-UE CLI handling.

Proposal 8: Spatial domain coordination method should be considered.

Proposal 9: UE and gNB transmission and reception timing alignment should be low priority.

Proposal 10: Power control based solution should be low priority.
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