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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
A Rel-19 WI on Duplex Evolution has been approved [1], where some of the objectives are:

· 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) 
· Note: Without dedicated optimization for dynamic/flexible TDD. 

This contribution discusses CLI handling for subbands for full duplex TDD.

2. Discussions

2.1 gNB-gNB CLI handling
The gNB-gNB CLI handling schemes considered in TR38.858 are:
· gNB-gNB co-channel CLI measurement and/or channel measurement
· Coordinated scheduling for time/frequency resources between gNBs
· gNB-gNB spatial domain coordination method
· gNB-gNB transmission & reception timing
· gNB-gNB power control
The intermediate aim of the WI is to down select these schemes by RAN1#117.

2.1.1 gNB-gNB CLI measurement
In the SI, two methods were considered for gNB-gNB CLI measurements:
· gNB RS for gNB-gNB measurement
· Muting of UL resources for gNB RS measurement

On the gNB RS, it was concluded in the SI that the CD-SSB and NCD-SSB are used for gNB-gNB measurements, where a victim gNB measures the CD-SSB and/or NCD-SSB of an aggressor gNB.  This will require the gNBs to exchange information on the configurations of each other CD-SSB and NCD-SSB which can be done via Xn interface as these configurations are semi-static and hence, they are delay tolerant and do not need dynamic and low latency signalling among gNBs.  CSI-RS was also discussed and since its configuration is semi-static, this can be easily implemented.
Observation 1: The information exchange among gNBs to enable CD-SSB and NCD-SSB as RS for gNB-gNB measurements is the configurations of CD-SSB and NCD-SSB.  Since these configurations are semi-static and hence delay tolerant, they do not require dynamic and low latency signalling among gNB and the exchange of such information over the Xn interface can be easily implemented.
Proposal 1: Support using CD-SSB and NCD-SSB for gNB-gNB measurement and the exchange of their configurations among gNB.  Consider CSI-RS for gNB-gNB measurement.

The RS for gNB-gNB measurements such as CD-SSB and NCD-SSB may collide with uplink transmission from the UE thereby interfering with the gNB measurement.  The SI considered muting some REs from uplink transmission that collide with gNB RS to reduce such interference.  Two options were considered:
· Option 1: Transparent UL resource muting method (e.g., avoid the scheduling on measurement resource)
· Option 2: Non-transparent UL resource muting method (e.g., define UL resource muting pattern with one or more RE/RB muting patterns)

Option 1 where the muting is performed by the gNB by avoiding scheduling measurement resources would result in over muting (i.e., more muting than necessary).  That is, the granularity of which the gNB can mute a transmission transparently is in level of RB.  For example, if CSI-RS is used, the CSI-RS resource would at most occupy 8 REs in an RB, and muting an entire RB for the sake of 8 REs would lead to 95% resource wastage.

Observation 2: Transparent UL resource muting (Option 1) for gNB-gNB CLI measurements by avoiding RBs containing gNB-gNB CSI-RS resource can lead to 95% resource wastage since the CSI-RS resource occupies at most 8 REs in an RB.


For the non-transparent UL resource method (Option 2), the UE can be configured with muting patterns at the RE level. Since it mutes only the REs with measurement RS, this would not lead to over muting.  Here, one or more RE muting patterns can be signalled to the UE semi-statically.  Since RE muting may not be required for every UL transmission, the gNB can indicate whether RE muting is required in the dynamic grant, and if multiple RE muting patterns are configured, the gNB can further indicate which RE muting pattern to apply in the dynamic grant.  

Observation 3: Non-transparent UL resource muting (Option 2) for gNB-gNB CLI measurements can be performed at RE granularity and would not have any resource wastage compared to transparent UL resource muting.

Observation 4: RE muting may not be enabled for every UL/DL transmission.

Proposal 2: For UL resource muting to improve gNB-gNB CLI measurements, use non-transparent UL resource muting, where the gNB semi-statically configures one or more RE muting patterns for the UE, i.e., the UE is aware of which REs are muted.

Proposal 3: The gNB dynamically enables/disables RE muting for an UL/DL transmission and if multiple RE patterns are configured, the gNB indicates which RE muting pattern to apply in the dynamic grant.


RE muting may increase the code rate of a transmission and thereby degrade the decoding performance of that transmission.  Since, the gNB may have to measure RS from multiple other gNBs, this method may lead to excessive RE muting affecting the reliability of the UL transmission.  

Observation 5: RE muting on REs containing RS from multiple gNBs may degrade the reliability of UL transmissions.


To avoid degrading the reliability of the UL transmission, conditional RE muting can be used, where the UE only performs RE muting if some transmission conditions are met.  For example, the UE only performs RE muting for UL transmission with Low L1 Priority otherwise it does not perform RE muting to ensure that the reliability of High L1 priority transmission such as URLLC is not impacted.  Another example is, the UE may not need to perform RE muting if the transmission has low MCS since low MCS transmissions would be received by the gNB with less power and may not interfere with the gNB’s RS measurement.

Proposal 4: RE muting on REs containing gNB RS is conditional upon the transmission parameters, such as the L1 priority or MCS of the UL transmission.

 
2.1.2 gNB-gNB Coordinated Scheduling
In the SI, the following is concluded:
· The knowledge among gNBs of semi-static SBFD time and frequency configuration can be beneficial depending on gNB implementation
Since in Rel-19 the SBFD time and frequency configurations are semi-statically configured, it is feasible to exchange this configuration among gNB over the Xn interface.  Hence this scheme can be easily implemented, and we are supportive of it.
Observation 6: Since in Rel-19 SBFD time and frequency locations are configured semi-statically, exchanging the SBFD time and frequency configurations among gNB can be done over a slow Xn interface.  This can be implemented easily.
Proposal 5: Support information exchange of semi-static SBFD time and frequency configurations among gNB.

It is beneficial for CLI handling among gNBs if dynamic scheduling information such as PDSCH scheduling, PUSCH & PUCCH scheduling, and L1 priroity of UL transmission.  For example, an aggressor gNB may avoid transmitting a PDSCH carrying eMBB traffic to its UE if it knows that a nearby victim gNB is trying to receive a URLLC PUSCH.  However, such dynamic scheduling information is not practical to be exchanged among gNB over slow interface such as the Xn interface.  

Observation 7: Although it is beneficial to exchange dynamic scheduling information among gNBs for CLI handling, it is not practical to signal this information over slow interface such as Xn interface.


One way such dynamic scheduling information can be exchanged quickly among gNB is to signal it Over-The-Air (OTA signaling) using RS.  An example use of OTA RS to indicate L1 priority among gNB is shown in Figure 1, where gNB1 and gNB2 have SBFD format {XXXXU}.  In Slot n, gNB1 transmits DCI#1 to schedule a PDSCH carrying eMBB at Slot n+2 to its UE.  In Slot n+1, gNB2 transmits DCI#2 to schedule a High L1 priority URLCC PUSCH for its UE at Slot n+2, which may experience high CLI from the eMBB PDSCH from gNB1.  Consequently, gNB2 sends an OTA L1 indicator to gNB1 at the point of transmitting the UL Grant in DCI#2 in Slot n+1, to inform gNB1 of the URLLC PUSCH in Slot n+2.  gNB1 cancels its eMBB PDSCH transmission to avoid causing high CLI to gNB2’s URLLC PUSCH.  gNB1 further sends a DL Pre-emption Indicator to its UE in Slot n+3 indicating that it has cancelled the PDSCH in Slot n+2.  Hence, an OTA indicator can be beneficial in reducing CLI among gNBs.
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[bookmark: _Ref111036033]Figure 1: OTA L1 priority indication between gNBs

Proposal 6: Support OTA gNB-gNB signaling to exchange dynamic scheduling information such as L1 priority among gNBs.


2.1.3 gNB-gNB spatial domain coordination
In the SI, information exchange on DL transmission beams among gNBs was considered without conclusion.  The methods considered were to exchange a list of preferred and non-preferred DL beams among gNBs.  If this information is exchanged over the Xn interface, then only a semi-static list of preferred & non-preferred DL beams can be signalled.  It should be noted that beam scheduling is performed dynamically and imposing a list of preferred & non-preferred DL beams semi-statically may restrict the gNB’s scheduling performance.  This is because there is no guarantee that the victim gNB will be receiving any UL packet or UL packet in a beam that requires the aggressor gNB to refrain from using a non-preferred beam.  For example assume that victim gNB does not preferred Beam A from aggressor gNB, and in a specific slot, the aggressor gNB wishes to schedule a UE with Beam A as that is the best beam for that UE, if the victim gNB is not even receiving anything in the uplink, then the aggressor gNB will degrade its scheduling performance if it avoid using Beam A and instead use a sub-optimum beam without benefiting the victim gNB.  
Observation 8: Information exchange of list of preferred & non-preferred beams among gNBs over the Xn interface is only practical for semi-static list of preferred & non-preferred beams.  Such a semi-static list of preferred & non-preferred beams may degrade an aggressor’s gNB performance since there is no guarantee the victim gNB is receiving an uplink transmission that collides with the non-preferred beams from the aggressor thereby denying the aggressor gNB from using the best beam for its DL transmission.

Exchange of beam information among gNB is only beneficial if it can be done dynamically, for example OTA.  However, OTA signalling is only practical for small control information and sending a list of preferred & non-preferred beams OTA may not be feasible.
Observation 9: Dynamic signalling of list of preferred & non-preferred beams OTA between gNBs may not be practical if the list of preferred & non-preferred beams is too large.
Proposal 7: Consider the practicality of exchanging information of list of preferred & non-preferred beams among gNBs.


2.1.4 gNB-gNB transmission & reception timing
In a syncrhonised network, where the gNBs’ slots start at the same time, an aggressor gNB’s DL transmission that causes CLI to a victim gNB UL reception would arrive later in the victim gNB’s slot or OFDM symbol due to propagation delay, i.e., the aggressor DL arrives at an offset after the start of the victim gNB’s slot or OFDM symbol.  For UL transmissions, a UE applies an overall timing advance TTA = NTA + NTA,offset, where NTA is the timing advance used to compensate for the propagation delay between the gNB and the UE and NTA,offset is a common timing advance offset indicated in the SIB which can be configured with values {0, 13, 20} ms.  It is argued in [2] that the application of NTA,offset will lead to misalignment between an UL reception and an inter gNB DL CLI at the victim gNB’s receiver, i.e. their cyclic prefixes do not overlap, which would make it difficult for the victim gNB to apply advanced receiver to remove the CLI caused by an aggressor’s DL transmission.  An example is shown in Figure 2, where gNB1 and gNB2 operate using 60 kHz SCS and gNB1 schedules a PUSCH to start in Slot n+1 for UE1.  As per legacy procedure, UE1 time advances the PUSCH by TTA = NTA + NTA,offset, where NTA,offset = 13 ms and transmits PUSCH at time t2 such that it arrives at gNB1 at time t3, which is NTA,offset early from the start of Slot n+1.  In Slot n+1, gNB2 transmits a PDSCH, which becomes a CLI to gNB1.  Due to propagation delay TgNB-gNB, the PDSCH from gNB2 arrives at time t7 at gNB1’s receiver.  The right-hand-side of Figure 2 shows the PUSCH and PDSCH at the OFDM symbol level, where here the PUSCH arrives at NTA,offset prior to the start of Slot n+1 whilst the PDSCH arrives at TgNB-gNB after the start of Slot n+1 and this causes misalignment between the PUSCH and PDSCH to the point that their Cyclic Prefixes do not align, thereby causing loss of orthogonality.
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[bookmark: _Ref158825451]Figure 2: UL signal & DL interference misalignment

In [2] it is proposed to set NTA,offset = 0 or introduce negative values for NTA,offset to align the UL transmission with the DL transmission (i.e. CLI) from a nearby aggressor gNB or a further away aggressor gNB respectively.  An example is shown in Figure 3, where gNB1 suffers from inter gNB CLI due to DL PDSCH transmissions from a nearby gNB2 and gNB3 which is further away.  To align its UL transmission, e.g., PUSCH from UE1 with the DL interference from gNB2, NTA,offset = 0 can be applied for the PUSCH such that it arrives at the slot boundary at gNB1’s receiver and since gNB2 is nearby its PDSCH arrives just slightly away from the slot boundary of gNB1 but within the CP of the PUSCH thereby achieving alignment between UL signal and DL interference at gNB1’s receiver.  If gNB1 wishes to align its UL transmission, e.g., PUSCH from UE1 with the DL interference from gNB3 which is further away and due to propagation delay, the CP of the PDSCH arriving at gNB1 may not align with a PUSCH that arrives at the slot boundary.  For this case, gNB1 can instruct the UE1 to apply NTA,offset < 0  so that the PUSCH arrives later in the slot thereby aligning its CP with the CP of the DL interferer from gNB3.
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[bookmark: _Ref158825830]Figure 3: NTA,offset = 0 and NTA,offset < 0 for close by gNB2 and far away aggressor gNB3 respectively
As per the requirement in TS 38.211, a TDD UE expects a time gap of at least NTX-RX = 13 ms or 7 ms for FR1 and FR2 respectively, between the end of an UL transmission and the start of a DL reception for UL to DL switching, where this time gap is provided by setting NTA,offset = 13 ms.  The proposal to set NTA,offset ≤ 0 seems to assume that there will not be any DL reception at the UE after the UL slot since it would remove the time gap NTX-RX for the UE to perform UL to DL switching and may cause self-interference at the victim gNB receiver.  An example is shown in Figure 4, where gNB1 schedules UE1 with PUSCH that is 14 OFDM symbols long, to start at the beginning of Slot n+1.  In Slot n+1, gNB2 transmits a PDSCH and thereby causes CLI to gNB1’s PUSCH reception.  Here the propagation delay between gNB2 and gNB1 is greater than the duration of the Cyclic Prefix (CP) and so PDSCH from gNB2 arrives at gNB1’s receiver at an offset from the boundary of Slot n+1 that is greater than the CP duration.  As per the proposal in [3], gNB1 instructs UE1 to apply NTA,offset < 0, i.e. a negative NTA,offset so that the PUSCH arrives later in Slot n+1 at gNB1’s receiver, thereby aligning with the DL interferer caused by the PDSCH from gNB2.  It is not uncommon that a UE has a PDCCH monitoring occasion at the beginning of a DL slot, e.g. at the start of Slot n+2 and since UE1 uses NTA,offset < 0 on the PUSCH, there is insufficient time gap at the UE between the end of the PUSCH at time t5 and the start of a PDCCH in Slot n+2 at time t6, i.e. time between t5 and t6 < NTX-RX.  Since the PUSCH arrives later in time at gNB1, the PUSCH transmission extends beyond the UL Slot n+1, where the last OFDM symbol of the PUSCH falls into the DL Slot n+2 where gNB1 has transmitted a PDCCH to the UE.  This PDCCH transmission causes self-interference to the PUSCH reception at gNB1’s receiver.
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[bookmark: _Ref158826380]Figure 4: Setting NTA,offset < 0 removes NTX-RX time gap and causes self-interference

Observation 10: As per TS38.211, a TDD UE expects a time gap of at least NTX-RX = 13 ms or 7 ms for FR1 and FR2 respectively between the end of an UL transmission and the start of a DL reception for UL to DL switching and this time gap is provided by setting NTA,offset = 13 ms.

Observation 11: Setting NTA,offset ≤ 0 to align an UL transmission with an aggressor gNB’s DL transmission, i.e. CLI, at a victim gNB’s receiver may lead to:
· insufficient time gap (<NTX-RX) at the UE between the end of the UL transmission and the start of a DL reception for UL to DL switching
· self-interference at the victim gNB for NTA,offset < 0 due to the UL reception extending beyond the UL slot and into a subsequent DL slot and a DL transmission starting at that DL slot.


In order to align an UL transmission with inter gNB CLI at a victim gNB’s receiver and provide at least NTX-RX time gap at the UE for UL to DL switching, a time alignment offset TUL can be added to the overall timing advance, i.e. TTA = NTA + NTA,offset + TUL, such that the 2nd or higher OFDM symbol of the UL transmission is aligned with the 1st OFDM symbol of the DL CLI at the victim gNB’s receiver.  An example is shown in Figure 5, where the network operates in 60 kHz SCS and gNB1 schedules UE1 with a PUSCH to start at the beginning of Slot n+1.  In Slot n+1, gNB2 transmits a PDSCH thereby causing CLI to gNB1’s PUSCH reception.  Due to propagation delay between gNB2 and gNB1 of TgNB-gNB, the PDSCH from gNB2 arrives later at gNB1’s receiver by TgNB-gNB from the boundary of Slot n+1 and here TgNB-gNB > CP duration.  Here NTA,offset = 13 ms as per legacy operation and the UE adds TUL to the overall timing advance TTA, thereby transmitting the PUSCH at time t2, which causes the PUSCH to arrive early at gNB1’s receiver at time t4 or NTA,offset + TUL prior to the start of Slot n+1 as shown at the right-hand-side of Figure 5.  Applying the time alignment offset TUL causes the 2nd OFDM symbol of the PUSCH to align with the 1st OFDM symbol of the DL interferer, i.e., PDSCH from gNB2, thereby maintaining their orthogonality which enables gNB1 to utilize its advanced receiver to cancel out the PDSCH from gNB2.  Since the PUSCH is time advanced by at least NTA,offset, this provides a sufficient time gap, i.e. > NTX-RX at UE1 between the end of its UL transmission and the start of any DL reception for UL to DL switching.
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[bookmark: _Ref158827033]Figure 5: Adding alignment offset TUL to the overall timing advance

Proposal 8: Support gNB-gNB timing alignment for CLI handling.

Proposal 9: Add a time alignment offset TUL to the overall timing advance, TTA = NTA + NTA,offset + TUL for UL transmissions so that the UL transmission is OFDM symbol aligned with any inter gNB DL CLI at the victim gNB’s receiver and also so that there is a sufficient time gap at the UE between the end of an UL transmission and the start of a DL reception for UL to DL switching.


2.1.5 gNB-gNB Power Control
There isn’t any conclusion in the SI for gNB-gNB power control.  A method considered is for a victim gNB to indicate to an aggressor gNB to reduce its DL transmission.  The signaling aspect of this method was not thoroughly discussed, and if the Xn interface is used, then only semi-static power control indicator can be issued from one gNB to another gNB.  This may not be practical as scheduling is performed dynamically and may even impact the performance of an aggressor gNB.  For example, if a victim gNB request a 3dB power down from an aggressor gNB, there is no guarantee that the victim gNB will be receiving any uplink in a slot when the aggressor gNB had powered down its DL transmission.  This negatively affect the aggressor’s gNBs performance without any benefit for the victim gNB.
Observation 12: A victim gNB requesting an aggressor gNB to power down its DL transmit power over the Xn interface is not practical due to the delay over such interface. This may negatively impact the performance of the aggressor gNB without any benefit to the victim gNB, since the aggressor gNB may power down its DL transmission whilst the victim gNB has no uplink reception.
Proposal 10: gNB-gNB power control is no longer considered in this WI.


2.2 UE-UE CLI handling
The UE-UE CLI handling schemes considered in TR38.858 are:
· UE-UE co-channel CLI measurement and/or channel measurement
· Coordinated scheduling for time/frequency resources between UEs
· UE-UE spatial domain coordination method
· UE-UE transmission & reception timing
· UE-UE power control
The intermediate aim of the WI is to down-select these schemes by RAN1#117.

2.2.1 UE-UE CLI measurement
In the SI, L1/L2 CLI measurement and reporting was considered with the following conclusion:
· The L1/L2 based UE-to-UE CLI measurement can be optimized for short term interference measurement
· The L1/L2 based UE-to-UE CLI measurement can be optimized for low latency 
· The L1/L2 based UE-to-UE CLI measurement and reporting can facilitate gNB adjusting UE scheduling for inter-UE CLI reduction

At least for L1 CLI measurement and reporting, the CSI measurement and reporting framework can be used.  Hence, implementation aspect of L1 CLI measurement is unlikely to cause high specifications work.  Since scheduling is performed dynamically, it is beneficial that CLI measurements are performed and reported dynamically similar to CSI rather than rely on L3 CLI measurements.  Therefore, we support L1/L2 based UE-to-UE CLI measurement.
Proposal 11: Support L1/L2 based UE-UE CLI measurement and reporting.

2.2.2 UE-UE Coordinated Scheduling
In the SI, it was proposed to study scheduling coordination between gNBs for UE-to-UE co-channel CLI handling.  There was not sufficient study on this topic.  One reason for the lack of study is that it is unclear the difference between UE-UE coordinated scheduling and gNB-gNB coordinated scheduling since the scheduler is controlled by the gNB.  Hence, the work done for gNB-gNB coordinated scheduling can be applied here.
Observation 13: Since the scheduler is controlled by the gNB, there isn’t any difference between UE-UE coordinated scheduling and gNB-gNB coordinated scheduling.  There isn’t a need to have a separate UE-UE coordinated scheduling discussion.
Proposal 12: UE-UE coordinated scheduling is considered under gNB-gNB coordinated scheduling discussion.


2.2.3 UE-UE spatial domain coordination
In the SI, it was proposed to study beam coordination between gNBs for UE-to-UE co-channel CLI handling.  There was no conclusion on this method.  As discussed in the previous section, semi-static information exchange for gNB-gNB spatial domain coordination may not be practical.  UE-UE spatial domain coordination, where the two or more gNBs attempt to coordinate their UEs’ uplink beams so that they do not cause CLI may be even more challenging since the UE is mobile.  It is not practical to exchange a list of preferred & non-preferred UL beams over the Xn interface among UEs of different gNBs since this list changes dynamically due to mobility of the UE.  Furthermore, even if dynamic gNB-gNB signaling is used such as OTA, unlike for gNB-gNB spatial domain case, there are multiple UEs within a gNB and the list of preferred & non-preferred UL beams for even a modest number of UEs will lead to very high signaling overhead.  Hence, we proposed not to consider this scheme further.
Observation 14: It is impractical and not beneficial for information exchange over the Xn interface on list of preferred & non-preferred UL beams among gNBs for UE-UE spatial domain coordination due to:
· UEs are mobile and beam requirement changes dynamically making any list of preferred & non-preferred UL beams exchanged over the slow Xn interface obsolete as soon as it is sent.
· Since a gNB is likely to have multiple UEs, even if dynamic signaling among gNBs such as OTA signaling is used, the signaling overhead will be significantly large to signal even a modest number of UEs’ list of preferred & non-preferred UL beams.
Proposal 13: UE-UE spatial domain coordination is not considered further.

2.2.4 UE-UE transmission & reception timing
In Rel-16 SRS-RSRP CLI measurement, an aggressor UE in a neighbouring aggressor gNB transmits SRS whilst a victim UE in a victim gNB will measure the RSRP of the SRS.  In order for the victim UE to measure the SRS of the aggressor UE, the victim UE needs to time synchronised with the aggressor UE and how this time synchronisation is achieved is up to UE implementation.  During the SI, it is noted in [3], that misalignment in timing for SRS-RSRP may be acceptable in Rel-16 since it is performed at the RRC layer, i.e., at a slower pace and the application of L3 filter can tolerate some misalignment.  However, for L1 CLI measurements that demand a faster measurement, such time misalignment may not be acceptable.

In [4] it is proposed that the victim UE indicates to its serving gNB the preferred Timing Advance for the aggressor UE to use so that the victim UE can measure the aggressor UE’s SRS.  However as pointed out in [5], there may be more than one victim UE trying to measure the SRS of an aggressor UE and it is unclear which preferred TA the aggressor UE should use for its SRS transmissions.  An easier approach is for the victim gNB to provide timing information related to the aggressor UE to the victim UE to help the victim UE align its timing for SRS measurements.

Proposal 14: Consider further UE-UE transmission and reception timing in the WI.


2.2.5 UE-UE Power Control
In the SI, separate UL power control loops were considered for SBFD and non-SBFD OFDM symbols to manage CLI.  It is concluded in the SI that any enhancement to UL power control mechanism must take the existing power control mechanism as baseline.  Given that the legacy system already provided multiple power control loops, e.g. such as those introduced in Rel-16 for URLLC, we do not see any further need to introduce yet additional power control loops for SBFD.  Hence, we do not see any further need to consider this method in the WI.
Proposal 15: UE power control enhancement for CLI handling is not considered further.


2.3 Summary
Table 1 is a list of the CLI handling schemes that should and should not be considered in this WI.
[bookmark: _Ref158887820]Table 1: CLI handling schemes to support in WI
	Scheme
	gNB-gNB
	UE-UE

	CLI measurements
	Support
	Support

	Coordinated scheduling
	Support
	Considered under gNB-gNB

	Spatial domain coordination
	Evaluate practicality using Xn interface
	Not Support

	Tx & Rx timing
	Support
	Support

	Power Control
	Not Support
	Not Support




3. Conclusion
In this contribution, we discuss some the CLI handling schemes for SBFD, and we observe the following:
Observation 1: The information exchange among gNBs to enable CD-SSB and NCD-SSB as RS for gNB-gNB measurements is the configurations of CD-SSB and NCD-SSB.  Since these configurations are semi-static and hence delay tolerant, they do not require dynamic and low latency signalling among gNB and the exchange of such information over the Xn interface can be easily implemented.
Observation 2: Transparent UL resource muting (Option 1) for gNB-gNB CLI measurements by avoiding RBs containing gNB-gNB CSI-RS resource can lead to 95% resource wastage since the CSI-RS resource occupies at most 8 REs in an RB.

Observation 3: Non-transparent UL resource muting (Option 2) for gNB-gNB CLI measurements can be performed at RE granularity and would not have any resource wastage compared to transparent UL resource muting.

Observation 4: RE muting may not be enabled for every UL/DL transmission.

Observation 5: RE muting on REs containing RS from multiple gNBs may degrade the reliability of UL transmissions.

Observation 6: Since in Rel-19 SBFD time and frequency locations are configured semi-statically, exchanging the SBFD time and frequency configurations among gNB can be done over a slow Xn interface.  This can be implemented easily.
Observation 7: Although it is beneficial to exchange dynamic scheduling information among gNBs for CLI handling, it is not practical to signal this information over slow interface such as Xn interface.

Observation 8: Information exchange of list of preferred & non-preferred beams among gNBs over the Xn interface is only practical for semi-static list of preferred & non-preferred beams.  Such a semi-static list of preferred & non-preferred beams may degrade an aggressor’s gNB performance since there is no guarantee the victim gNB is receiving an uplink transmission that collides with the non-preferred beams from the aggressor thereby denying the aggressor gNB from using the best beam for its DL transmission.
Observation 9: Dynamic signalling of list of preferred & non-preferred beams OTA between gNBs may not be practical if the list of preferred & non-preferred beams is too large.
Observation 10: As per TS38.211, a TDD UE expects a time gap of at least NTX-RX = 13 ms or 7 ms for FR1 and FR2 respectively between the end of an UL transmission and the start of a DL reception for UL to DL switching and this time gap is provided by setting NTA,offset = 13 ms.

Observation 11: Setting NTA,offset ≤ 0 to align an UL transmission with an aggressor gNB’s DL transmission, i.e. CLI, at a victim gNB’s receiver may lead to:
· insufficient time gap (<NTX-RX) at the UE between the end of the UL transmission and the start of a DL reception for UL to DL switching
· self-interference at the victim gNB for NTA,offset < 0 due to the UL reception extending beyond the UL slot and into a subsequent DL slot and a DL transmission starting at that DL slot.

Observation 12: A victim gNB requesting an aggressor gNB to power down its DL transmit power over the Xn interface is not practical due to the delay over such interface. This may negatively impact the performance of the aggressor gNB without any benefit to the victim gNB, since the aggressor gNB may power down its DL transmission whilst the victim gNB has no uplink reception.
Observation 13: Since the scheduler is controlled by the gNB, there isn’t any difference between UE-UE coordinated scheduling and gNB-gNB coordinated scheduling.  There isn’t a need to have a separate UE-UE coordinated scheduling discussion.
Observation 14: It is impractical and not beneficial for information exchange over the Xn interface on list of preferred & non-preferred UL beams among gNBs for UE-UE spatial domain coordination due to:
· UEs are mobile and beam requirement changes dynamically making any list of preferred & non-preferred UL beams exchanged over the slow Xn interface obsolete as soon as it is sent
· Since a gNB is likely to have multiple UEs, even if dynamic signaling among gNBs such as OTA signaling is used, the signaling overhead will be significantly large to signal even a modest number of UEs’ list of preferred & non-preferred UL beams.
 

We therefore propose the following:
Proposal 1: Support using CD-SSB and NCD-SSB for gNB-gNB measurement and the exchange of their configurations among gNB.  Consider CSI-RS for gNB-gNB measurement.

Proposal 2: For UL resource muting to improve gNB-gNB CLI measurements, use non-transparent UL resource muting, where the gNB semi-statically configures one or more RE muting patterns for the UE, i.e., the UE is aware of which REs are muted.

Proposal 3: The gNB dynamically enables/disables RE muting for an UL/DL transmission and if multiple RE patterns are configured, the gNB indicates which RE muting pattern to apply in the dynamic grant.

Proposal 4: RE muting on REs containing gNB RS is conditional upon the transmission parameters, such as the L1 priority or MCS of the UL transmission.

Proposal 5: Support information exchange of semi-static SBFD time and frequency configurations among gNB.
Proposal 6: Support OTA gNB-gNB signaling to exchange dynamic scheduling information such as L1 priority among gNBs.

Proposal 7: Consider the practicality of exchanging information of list of preferred & non-preferred beams among gNBs.
Proposal 8: Support gNB-gNB timing alignment for CLI handling.

Proposal 9: Add a time alignment offset TUL to the overall timing advance, TTA = NTA + NTA,offset + TUL for UL transmissions so that the UL transmission is OFDM symbol aligned with any inter gNB DL CLI at the victim gNB’s receiver and also so that there is a sufficient time gap at the UE between the end of an UL transmission and the start of a DL reception for UL to DL switching.

Proposal 10: gNB-gNB power control is no longer considered in this WI.
Proposal 11: Support L1/L2 based UE-UE CLI measurement and reporting.
Proposal 12: UE-UE coordinated scheduling is considered under gNB-gNB coordinated scheduling discussion.
Proposal 13: UE-UE spatial domain coordination is not considered further.
Proposal 14: Consider further UE-UE transmission and reception timing in the WI.

Proposal 15: UE power control enhancement for CLI handling is not considered further.
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