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Introduction
In In RAN#94 e-meeting, a new study item, ‘Study on Evolution of NR Duplex Operation’, was approved to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum with some of objectives as follows [1]:
· [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).

In this contribution, we share our views on duplex evolution for NR TDD.

SBFD Operation at gNB
Subband location indication

Subband location indication was discussed in RAN1#110, where it was agreed that:
Agreement
Study the following alternatives with Alt 4 prioritized, for SBFD operation at least for RRC_CONNECTED state.
· SBFD operation Alt 1:
· Time and frequency locations of subbands for SBFD operation are not known to UEs. 
· UE behaviors follow existing specifications without introducing new UE behaviors for SBFD operation at gNB side.
· SBFD operation Alt 2:
· Time and frequency locations of subbands for SBFD operation are not known to UEs. 
· UE behaviors for non-SBFD aware UEs follow existing specifications.
· From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs
· SBFD operation Alt 3:
· Only time location of subbands for SBFD operation is known to SBFD aware UEs. 
· UE behaviors for non-SBFD aware UEs follow existing specifications.
· From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs based on the time location of subbands for SBFD operation 
· SBFD operation Alt 4:
· Both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs. 
· UE behaviors for non-SBFD aware UEs follow existing specifications.
· From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs based on the time and frequency locations of subbands for SBFD operation.
UE capability discussion is held in work item phase.
 


Later in RAN1#110b-e, it was agreed that 
Agreement
For SBFD operation at least for RRC_CONNECTED state, it is agreed that SBFD operation Alt 4 is the baseline.
· SBFD operation Alt 4:
· Both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs. 
· UE behaviors for non-SBFD aware UEs follow existing specifications.
· From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs based on the time and frequency locations of subbands for SBFD operation.

For SBFD operation under the baseline Alt4, it was agreed in RAN1#110 that
Agreement
For SBFD operation Alt 4, for an SBFD aware UE configured with an UL subband in an SBFD symbol, study the following options:
· Option 1: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband or to be scheduled with DL reception within the UL subband in the SBFD symbol
· Option 2: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband and may be scheduled with DL reception within the UL subband in the SBFD symbol
· Option 3: The SBFD aware UE does not expect to be scheduled with DL reception within the UL subband and may be scheduled with UL transmission outside the UL subband in the SBFD symbol
· Option 4: The SBFD aware UE may be scheduled with UL transmission outside the UL subband or DL reception within the UL subband in the SBFD symbol

In current specification, once a UE is semi-statically indicated about a symbol direction as uplink (or downlink) within a TDD carrier, UE will not expect a dynamic grant to override the link direction. In addition, a configured grant for DL reception (or UL transmission) is dropped in occasions where there is any symbol within the grant occasion conflicting with the semi-statically indicated UL/DL link direction. In addition, the concept of BWP is introduced to save UE’s power for UL transmission, where the UL BWP is not larger than DL BWP. Similarly, if UE is semi-statically indicated about the UL sub-band within the SBFD symbol, UE will reasonably open up for the UL sub-band. In such a scenario, which will save UE power consumption and result better UL coverage enhancement, UE is not able to be scheduled to transmit UL outside the UL subband. Based on this discussion, we have the following proposal:

Proposal 1: De-prioritize Option 3 and Option 4 for SBFD operation under Alt4.

Identifying victim and aggressor UEs
If there is no mechanism to identify potential victim UEs, an unprotected transmission by the aggressor UEA may severely impact a nearby victim UEV. On the other hand, blindly applying restrictions to a UE in uplink transmission (like reducing uplink transmit power) can also unnecessarily impact the performance of the UE in uplink transmission, when there has been no nearby victim UE. So, it is crucial to have a mechanism based on which UEV and UEA are identified. To measure CLI (like RSSI, RSRP, etc), it was agreed in RAN1#110b-e that 
Agreement
Study impact and potential enhancements of CSI-RS resource set frequency domain resource allocation and CSI reporting configuration across non-contiguous DL subbands.

Agreement
Study impact/potential enhancements for UE-to-UE CLI-RSSI measurement/report considering non-contiguous measurement resource in frequency.

In our view, non-contiguous CLI measurement resource can be configured for a victim UEV (i.e., a UE in DL) across separate DL sub-bands or even within the UL subband, subject that UL sub-band is in the middle of DL sub-bands. On the other hand, NW should be allowed to indicate a potential aggressor UEA (i.e., a UE in UL) to measure CLI (and possibly refrain from UL transmission if measured CLI is more than an indicated threshold). Given that UL sub-band for an aggressor UE shall be within UE’s UL BWP, UE cannot be indicated to measure CLI over a non-contiguous CSI-RS (or CLI-RSSI) resource that is out of UL sub-band. Based on this discussion, we have the following proposal

Proposal 2: The CSI-RS (or CLI-RSSI) measurement resource can be configured on separate DL sub-bands or even within UL sub-bands if victim UE (DL UE) is indicated to measure CLI (not UL UE).
Proposal 3: Aggressor UE does not expect to measure CLI over a resource that is not within UL sub-band.
 
It is also important that the procedure to identify the victim and aggressor UEs also works for legacy victim UEs, for which no additional enhancement is envisioned. To achieve this goal, network can repurpose some of the existing signaling. For example, potential victim UE can be indicated to transmit SRS (e.g., before PDSCH reception), where SRS indication in DL DCI is already specified, so the purpose of this SRS transmission is transparent to the potential UEV. In addition, SRS measurement (e.g., SRS_RSRP) is already specified in Rel-16 for a victim UE, a similar mechanism can be considered for this study, although here it will be the aggressor UE which is asked to measure SRS_RSRP over SRS transmitted by victim UE, and possibly refrain from uplink transmission if that SRS-RSRP is more than a configured threshold.  Figure 1 gives an example of the procedure. 
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Figure 1: SRS transmission and measurement to identify UEV and UEA. 


Based on what we discussed, the following is proposed.
  
Proposal 4: Potential aggressor UE, UEA, is indicated to measure SRS (transmitted by potential victim UE) before PUSCH transmission. The indication can be through DCI scheduling the PUSCH for aggressor UE.
· One (or more) aperiodic SRS resource sets are tagged with a RRC parameter indicating CTS purpose
· Once SRS request bit-field activates such SRS resource set, (potential) UEA performs SRS-RSRP and/or CLI-RSSI over the activated SRS resource(s) 

Indication of cell duplex (or dynamic TDD) operation mode 
As mentioned before, if gNB is able to perform full-duplex (or dynamic TDD) operation, this operation has to be transparent to legacy UEs. On the other hand, for a future SBFD-aware UE, it may be useful to know if a cell that it is camping on will support duplex operation or not. For example, if UE may require enhanced uplink coverage (potential UEA), it may benefit to camp on a cell with full-duplex operation. On the other hand, if UE is potentially a victim UE, it may prefer to camp to a cell with legacy TDD operation, so UE is more protected by UE-to-UE CLI. Therefore, it may be desired by a future release UE a signaling and procedure to indicate UE(s) about duplex operation at a cell before/during cell acquisition.  Of course, it will be up to UE whether to camp to this cell or perform cell re-selection. Based on this discussion, we have the following proposal:

Proposal 5: Study feasibility of a mechanism to indicate SBFD-aware UE about cell duplex operation mode.  
Indication to UEV on resources impacted by CLI
Although it is expected that scheduler maintains enough separability between victim and aggressor UEs (e.g., in frequency and/or spatial domain), there could be scenarios where UE-to-UE CLI is still inevitable. For example, imagine the case that UL transmission on UEA carries URLLC and thus cannot be cancelled. In this scenario, gNB should be able to indicate to the victim UEV, which is receiving in DL, about the probable existence of CLI from aggressor UE(s) on resources that overlap in time between UEV and UEVA ‘s allocations. Although this problem is not exactly same as DL preemption indication, which was specified in Rel-15 for URLLC, but there are strong similarities between the two cases. In both cases, we have a UE in DL which its data reception has been impacted by another UE (a URLLC UE in DL in Rel-15 and a URLLC UE in UL in future releases). Given that no additional signaling to legacy UE is promoted unless its requirements are highly justified, we propose the interrupted transmission indication as specified in Rel-15 to be repurposed to indicate resources impacted by CLI. Of course the reason of preemption indication is transparent to victim UE, i.e. it does not matter to UEV whether there exists a URLLC UE in UL or DL transmission.
Proposal 6: DL CLI indication, e.g., based on DL-PI, indicates which symbols were impacted by cross-link interference from aggressor UE(s). 

Conclusion
In this contribution, we provided our views on CLI management for full-duplex operation at gNB. Based on what we discussed, the following proposals are made:
Proposal 1: De-prioritize Option 3 and Option 4 for SBFD operation under Alt4.
Proposal 2: The CSI-RS (or CLI-RSSI) measurement resource can be configured on separate DL sub-bands or even within UL sub-bands if victim UE (DL UE) is indicated to measure CLI (not UL UE).
Proposal 3: Aggressor UE does not expect to measure CLI over a resource that is not within UL sub-band.
Proposal 4: Potential aggressor UE, UEA, is indicated to measure SRS (transmitted by potential victim UE) before PUSCH transmission. The indication can be through DCI scheduling the PUSCH for aggressor UE.
· One (or more) aperiodic SRS resource sets are tagged with a RRC parameter indicating CTS purpose
· Once SRS request bit-field activates such SRS resource set, (potential) UEA performs SRS-RSRP and/or CLI-RSSI over the activated SRS resource(s) 

Proposal 5: Study feasibility of a mechanism to indicate SBFD-aware UE about cell duplex operation mode.  
Proposal 6: DL CLI indication, e.g., based on DL-PI, indicates which symbols were impacted by cross-link interference from aggressor UE(s). 
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