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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
Resource allocation
In RAN1#111, the behavior for a SBFD-aware UE within a SBFD symbol that is originally configured as DL in TDD-UL-DL-ConfigCommon is agreed. In summary, SBFD-aware UE may transmit and receive within UL and DL subbands, respectively. For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, two options are on the table for further study. More precisely, it was agreed in RAN1#111 that:

Agreement
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, study the following options for SBFD aware UEs,
Option 1: 
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
· FFS: Whether DL receptions outside DL subband(s) are allowed or not in the symbol
Option 2: 
· UL transmissions within UL subband are allowed in the symbol
· The RBs outside the UL subband can be used as either UL, or DL excluding guardband(s) if used, in the symbol from gNB’s perspective, and the transmission direction for all those RBs is the same
· FFS: SBFD aware UE behaviours
· FFS: Whether or not signalling of guardband(s) is needed
· FFS: Whether or not the symbol can be converted to a DL-only symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol


In our opinion, second sub-bullet under Option2 is quite vague. If the intention of “from gNB’s perspective, and the transmission direction for all those RBs is the same” is to assure that the scheduler will perform either UL or DL scheduling on a given RB outside the UL sub-band, that should be the understanding for RBs within the UL sub-bands as well. Besides, if we go with Option 1, a unified design will be achieved for UE behavior in SBFD symbols marked as DL or flexible in TDD-UL-DL-ConfigCommon, which is desired. Now, one may argue that adopting the same procedure impacts UL resources that can be scheduled to UE in flexible symbol. Here we should note that gNB can prevent such a loss of UL resources, e.g. by setting UL sub-band to be the same size of active UL BWP. Thus, we have the following proposal:  

Proposal 1: For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, the baseline will be Option 1.

In RAN1#112, the concept of so called dynamic SBFD was discussed where the following agreement was reached to further study:
Agreement
For dynamic SBFD,
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) are allowed or not in a symbol configured as DL in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband are allowed or not in the symbol configured as flexible in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· UL transmissions outside the semi-statically configured UL subbands are not allowed
· Option 3: DL receptions outside semi-statically configured DL subband(s) are allowed
· UL transmissions outside the semi-statically configured UL subbands are allowed
Dynamic SBFD should be compared with dynamic TDD and/or semi-static SBFD in terms of performance, implementation complexity, switching latency.
For each option, additional conditions may apply to determine whether the option is applicable.

In our view, if a RRC configured SBFD symbol/slot is overridden by a dynamic grant, some preparation timeline required at the UE side is needed to be met by the scheduler. Such a timeline is defined between the last symbol of DCI indicating overriding SBFD configuration and the first symbol of the dynamic grant (or the first SBFD symbol, whichever comes earlier). This timeline is needed similar to BWP switching, especially if a dynamic grant indicates UL transmission outside UL sub-band. Given that performance benefit for SBFD operation in general, and dynamic overriding of SBFD configuration in specific, is not clear yet, we prefer to de-prioritize this aspect. Having said that, we have the following proposal:
Proposal 2: For SBFD-aware UEs, DL receptions outside semi-statically configured DL subband(s) or UL transmissions outside semi-statically configured UL subband are not allowed.

For resource allocation in time domain, for each occasion, it was agreed in RAN1#112 to further study
Agreement
Study whether or not a slot can consist of both SBFD and non-SBFD symbols including
· Benefits
· Use cases
· Scheduling flexibility
· Implementation complexity 
· Compatibility with legacy TDD DL/UL configuration

In RAN1#112b-e, the case whether the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE, was further discussed. For a SBFD aware UE, UE behavior in non-SBFD and SBFD symbols may require different complexities/capabilities. For example, if a PUSCH transmission occasion within a slot spans both SBFD and non-SBFD (i.e. legacy TDD) symbols, UE may have to apply different transmission power to the same PUSCH on different symbols, which is NOT desired.

Proposal 3: UE does not expect a PUSCH transmission occasion spans in time both SBFD and non-SBFD symbols.
For resource allocation with repetitions in time domain, it was agreed in RAN1#112 that:
Agreement
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols)
· Study the following options for SBFD-aware UEs:
· Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols
· UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols include the following:
· PDSCH/PUSCH/PUCCH repetitions
· SPS PDSCH/CG PUSCH
· TBoMS
· Multi-PUSCH/PDSCH scheduled by a single DCI
· Periodic/semi-persistent SRS/CSI-RS/PUCCH
· PDCCH

Later in RAN1#112b-e, it was agreed that:

Agreement
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), if the transmissions/receptions can be in SBFD symbols and non-SBFD symbols with different available resources, study at least the following frequency resource allocation options for PDSCH, CSI-RS, PUSCH, PUCCH, SRS for SBFD-aware UE:
· Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots. 
· Option 1-1: Separate FDRA configurations/indications for SBFD slots and non-SBFD slots
· Option 1-2: Separate frequency resources determined for SBFD slots and non-SBFD slots based on single FDRA configuration/indication 
· Option 1-3: single FDRA configuration/indication and RB offset(s)
· Option 2: Perform rate matching or puncturing on the RBs outside DL/UL subbands for DL/UL channels/signals. 
· Option 3: A DL/UL channel/signal overlapping with RBs outside DL/UL subbands in a SBFD slot is dropped or postponed.
Note: Different options can be studied for different signals/channels.

In our view, when slot based repetitions imposes a frequency domain allocation not to be within the associated sub-band in SBFD slot, such a repetition is dropped. Based on this argument, we have the following proposals:

Proposal 4: For UL transmissions (or DL receptions) across SBFD symbols and non-SBFD symbols in different slots, a repetition is dropped when frequency domain resource allocation does not fit within the corresponding UL (or DL) sub-band.

Proposal 5: For a PUSCH transmission with multiple repetitions, if the first repetition occasion is scheduled within SBFD symbols, any the sub-sequent repetition occasions that includes non-SBFD (i.e. legacy TDD) symbols, is dropped.
For CSI-RS resource configuration within SBFD symbol, in RAN1#112, it was agreed that
Agreement:
Study the frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs considering the following options:
· Option 1: Two contiguous CSI-RS resources that are linked
· Option 2: One CSI-RS resource
· Option 2-1: Non-contiguous CSI-RS resource allocation
· Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s) 

In our view, UE can be configured with a single CSI-RS resource where the CSI-RS configuration parameters is potentially applicable to both legacy TDD and SBFD symbols, except few configuration parameters like startingRB, nrofPorts, etc which could be different for CSI-RS reception in legacy TDD and SBFD symbols. In that sense, option 2-2 is more aligned. Alternatively, UE can be configured with two CSI-RS resources each associated to one of DL sub-bands. In our view, the first Option is good enough, where a single CSI-RS measurement is simply mapped to a single CSI report.

Proposal 6: UE can be configured with one contiguous CSI-RS resource configuration which is common between legacy TDD and SBFD symbol with possibly modifications of few parameters (nrofPorts, startingRB, etc) for better excluding frequency resources outside DL subband(s).


For wideband PRG and DL resource allocation for a SBFD aware UE in SBFD slot, the following agreement was made in RAN1#112b-e which captures two options, given that in theory UE can be scheduled across the two sub-bands. 

Agreement
If PRG is determined as wideband, study the following two options:
· Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
· FFS: Precoding assumption within and across the two DL subbands
· Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
The study should include the impact on UE complexity

We should note that in current specification, if UE is configured with wideband PRG, a non-contiguous PDSCH allocation is not expected. Under such allocation, UE can benefit a larger channel processing gain, e.g., through time domain channel estimation techniques. Now, for SBFD slot, if UE is scheduled across the two DL sub-bands, such processing gain is not achieved. Thus, we propose at least for the case of wide-band PRG, UE is not scheduled across the two sub-bands. More precisely, for wide-band PRG UE is indicated a contiguous allocation within only one of the sub-bands. Based on this discussion, we have the following proposal:

Proposal 7: For wideband PRG, non-contiguous frequency resources across two DL subbands cannot be allocated. 



Conflict resolution
It was agreed in RAN1#110b-e that
Agreement
Identify if there are any cases of time domain conflict of UE’s UL and DL operation in the same SBFD symbol for SBFD aware UE 
· If there are, whether/how to avoid/handle such collision cases (as second step)

In our view, such collision should be limited to the scenarios that at least one of the resources is a higher configured resource, e.g. a SPS, CSI-RS etc for DL or UL-CG, periodic PUCCH, periodic SRS, ETC FOR UL. In other words, UE does not expect to be indicated to simultaneously transmit and receive within a SBFD symbol by two dynamic indications. This behaviour is consistent with legacy TDD symbols.   

Proposal 8: If within a SBFD symbol a SBFD aware UE is scheduled to simultaneously receive and transmit, respectively on DL and UL sub-bands, dynamic grant is prioritized.
If neither UL nor DL are dynamically indicated, UL resource is prioritized

We should note that once a dynamic grant cancels another grant, a cancellation timeline is defined which shall be met by the scheduler. Example is given in Fig. 1, where the PUSCH is an UL CG.
[image: ]
Figure 1: Dynamic grant for PDSCH cancels UL CG PUSCH. 

If SBFD slot and SSB have different periodicities, there can be SSB blocks that lie within SBFD slots. In RAN1, it has been discussed whether such overlapping is allowed. Some pros and cons related to support of UL sub-band in SSB symbols are observed, like providing more UL opportunities (depending on the SSB configuration, SBFD configuration etc) to the aggressor UE, while a half-duplex aggressor UE cannot make SSB measurement if needed, and in addition, UE-to-UE CLI may degrade the performance of SSB detection/measurement at the victim UE. The following agreement was reached in RAN1#112b-e

Agreement
Study the following options for SBFD operation in SSB symbols.
· Option 1: UL subband cannot be configured in an SSB symbol
· FFS handling of misaligned periodicities between SSB and semi-static SBFD subband time location configuration
· Option 2: An UL subband can be configured in an SSB symbol
· FFS whether/when and/or under which conditions an SBFD-aware UE transmits in the UL subband or may receive SSB in the symbol.

In our view, assuming that SSB blocks are within the DL sub-bands and there is enough gap between UL sub-bands and SSB blocks, such overlapping may be allowed. Next, the question is what should be the aggressor and victim UE behavior in case of such overlapping between SSB and SBFD symbols. Here we should note that in current specification, ssb-ToMeasure defines the set of SS blocks to be measured within the SMTC measurement window. A similar procedure can be used to indicate whether a SSB overlapping with UL sub-band is supposed to be measured or not. 

Proposal 9: gNB indicates a new bitmask based on which UE is indicated if a SSB block overlapping with SBFD symbols can be used for SSB measurement or for UL transmission. The bitmask can be cell-specific or UE specific.


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 10: 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 11: 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 2 gives an example of the procedure. 

[image: Diagram
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Figure 2: SRS transmission and measurement to identify UEV and UEA. 


Based on what we discussed, the following is proposed.
  
Proposal 12: 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 13: 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 14: 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: For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, the baseline will be Option 1.
Proposal 2: For SBFD-aware UEs, DL receptions outside semi-statically configured DL subband(s) or UL transmissions outside semi-statically configured UL subband are not allowed.
Proposal 3: UE does not expect a PUSCH transmission occasion spans in time both SBFD and non-SBFD symbols.
Proposal 4: For UL transmissions (or DL receptions) across SBFD symbols and non-SBFD symbols in different slots, a repetition is dropped when frequency domain resource allocation does not fit within the corresponding UL (or DL) sub-band.

Proposal 5: For a PUSCH transmission with multiple repetitions, if the first repetition occasion is scheduled within SBFD symbols, any the sub-sequent repetition occasions that includes non-SBFD (i.e. legacy TDD) symbols, is dropped.
Proposal 6: UE can be configured with one contiguous CSI-RS resource configuration which is common between legacy TDD and SBFD symbol with possibly modifications of few parameters (nrofPorts, startingRB, etc) for better excluding frequency resources outside DL subband(s).
Proposal 7: For wideband PRG, non-contiguous frequency resources across two DL subbands cannot be allocated. 

Proposal 8: If within a SBFD symbol a SBFD aware UE is scheduled to simultaneously receive and transmit, respectively on DL and UL sub-bands, dynamic grant is prioritized.
If neither UL nor DL are dynamically indicated, UL resource is prioritized

Proposal 9: gNB indicates a new bitmask based on which UE is indicated if a SSB block overlapping with SBFD symbols can be used for SSB measurement or for UL transmission. The bitmask can be cell-specific or UE specific.

Proposal 10: 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 11: Aggressor UE does not expect to measure CLI over a resource that is not within UL sub-band.
  
Proposal 12: 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 13: Study feasibility of a mechanism to indicate SBFD-aware UE about cell duplex operation mode.  
Proposal 14: 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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