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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#116bis, we agreed the following:

Agreement
If beam nulling is supported for gNB-to-gNB CLI handling, the following are recommended to be specified
· Information exchange of measurement resource configuration, i.e., periodic NZP CSI-RS 

Agreement
If beam pairing is supported for gNB-to-gNB CLI handling, the following are recommended to be specified
· Information exchange of measurement resource configuration, i.e., SSB and/or periodic NZP CSI-RS
· Information exchange of recommended/not-recommended DL beam information and associated resource configuration

Agreement
If non-transparent UL resource muting is supported for interference covariance matrix measurement for gNB-to-gNB CLI handling, the following are recommended to be specified
· Definition and indication of UL resource muting pattern
· Collision with DMRS/PTRS
· PUSCH resource mapping, i.e., rate-matching around the muted REs
· UCI resource determination
· Power allocation in symbols with muted REs considering potential impact to phase continuity 
· TB size determination
Note: The existing reference signal time-frequency resource pattern, e.g., PT-RS, comb-2 SRS, are the candidates for the UL resource muting pattern.
Note: Consider pattern without adverse impact on PAPR
Note: The potential impact on transmit signal quality/MPR requirement may need to checked with RAN4.
Note: The above does not apply for PUSCH transmission during random access procedures.

Agreement
If non-transparent UL resource muting is supported for gNB-to-gNB CLI measurement for gNB-to-gNB CLI handling, the following are recommended to be specified
· Definition and indication of UL resource muting pattern
· Collision with DMRS/PTRS
· PUSCH resource mapping, i.e., rate-matching around the muted REs
· UCI resource determination
· Power allocation in symbols with muted REs considering potential impact to phase continuity 
· TB size determination
· Exchange of information across gNBs on measurement resources 
Note: The existing reference signal time-frequency resource pattern, e.g., CSI-RS, are used to determine the UL resource muting pattern.
Note: Consider pattern without adverse impact on PAPR
Note: The potential impact on transmit signal quality/MPR requirement may need to checked with RAN4.
Note: The above does not apply for PUSCH transmission during random access procedures.

Agreement
Consider the following alternatives for down selection in RAN1#117.
Alt.1:
If L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework are supported for UE-to-UE CLI handling, the following are recommended to be specified 
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set) i.e., SRS-RSRP resource or CLI-RSSI resource
· Measurement reporting
· Periodic, semi-persistent or aperiodic reporting on PUCCH/PUSCH 
· New report quantities: e.g L1-SRS-RSRP, L1-CLI-RSSI and/or RS indexes
· UCI bits generation 
· UCI omission rule 
· Priority rules for multiple CSI reporting
· CSI processing unit and CPU occupation rule
· Timeline and related UE behaviours
· CLI measurement accuracy requirement [RAN4]
Alt.2: 
If L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework are supported for UE-to-UE CLI handling, the following are recommended to be specified 
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set), i.e., CLI-IMR
· Measurement reporting
· CSI measurement procedure integrating CLI measurement
· Note: Reuse the existing periodic, semi-persistent and aperiodic reporting on PUCCH/PUSCH 
· Note: Reuse the existing report quantities, i.e., CQI, L1-SINR, and the new measurements on CLI-IMR are included in the interference measurement term for the existing report quantities
Alt.3:
If L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework are supported for UE-to-UE CLI handling, the following are recommended to be specified 
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set) i.e., SRS-RSRP resource or CLI-RSSI resource or CLI-IMR
· Measurement reporting
· Periodic, semi-persistent or aperiodic reporting on PUCCH/PUSCH 
· New report quantities: e.g. L1-SRS-RSRP, L1-CLI-RSSI and/or RS indexes
· UCI bits generation 
· UCI omission rule 
· Priority rules for multiple CSI reporting
· CSI processing unit and CPU occupation rule
· Timeline and related UE behaviours
· CSI measurement procedure integrating CLI measurement
· CLI measurement accuracy requirement [RAN4]
Note: The new measurements on CLI-IMR are included in the interference measurement term for the existing report quantities, i.e., CQI, L1-SINR.

Agreement
UL Tx power control based schemes are not considered in the down-selection of gNB-to-gNB CLI handling and UE-to-UE CLI handling schemes.
· Note: Support of UL Tx power control enhancements can be discussed in AI 9.3.1 and 9.3.2 (for PRACH only).

Agreement
If coordinated scheduling in time and/or frequency is supported for gNB-to-gNB CLI handling and UE-to-UE CLI handling, the following is recommended to be specified
· Information exchange of semi-static cell-specific SBFD time and frequency location configuration

Conclusion
L1 based UE-to-UE CLI measurement and reporting based on event triggered based reporting are not considered for UE-to-UE CLI handling in Rel-19.


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

2. gNB-gNB CLI handling
The agreed gNB-gNB CLI handling schemes considered are:
· gNB-to-gNB CLI and/or channel measurement
· gNB-gNB coordinated scheduling
· gNB-gNB spatial domain coordination method

2.1 gNB-gNB CLI measurements
Two methods considered for gNB-gNB CLI measurements [1]:
· gNB RS for gNB-gNB measurement
· Muting of UL resources for gNB RS measurement

2.1.1 gNB RS
On the gNB RS, it was concluded in the SI [2] 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.  Such measurements are enablers for other CLI handling schemes such as for spatial coordination, such as beam nulling and beam pairing.  However, even if spatial coordination is not supported, such beam nulling and beam pairing, these measurements are still useful for CLI coordination among gNB, since other CLI implementation such as scheduling coordination may use them.
Observation 1: Although spatial coordination requires gNB-gNB RS such as CD-SSB, NCD-SSB and CSI-RS, gNB-gNB RS can also be enabler for other CLI handling schemes that may or may not be specified in Rel-19.  It is beneficial to support these RS, even if spatial coordination is not implemented.
Proposal 1: Support using CD-SSB, NCD-SSB and CSI-RS for gNB-gNB measurement and the exchange of their configurations among gNB.  

2.1.2 UL Muting
The RS for gNB-gNB measurements such as CD-SSB, NCD-SSB and CSI-RS may collide with uplink transmission from the UE thereby interfering with the gNB measurement.  Muting some REs from uplink transmission that collide with gNB RS may 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.  As per the agreement in RAN1#116bis, the muting patterns can consist of existing RS, such as PT-RS, SRS and CSI-RS.  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 pattern can reuse the pattern defined for existing RS, such as PT-RS, SRS and CSI-RS.  The specs impact is therefore minimised.

Observation 5: RE muting may not be enabled for every UL 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 (following existing RS, such as PT-RS, SRS and CSI-RS) 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 6: 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.

 
2.2 gNB-gNB Coordinated Scheduling
The two gNB-gNB coordinated scheduling schemes considered in [1] are:
· Information exchange of semi-static SBFD time and frequency configuration
· OTA gNB-to-gNB signaling to exchange dynamic scheduling information

We already agreed to support information exchange of semi-static SBFD time and frequency configuration in RAN1#116bis.  Here we discuss OTA gNB-gNB signaling.

2.2.1 OTA information exchange
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 are known among these gNBs.  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.


[image: ]
[bookmark: _Ref111036033]Figure 1: OTA L1 priority indication between gNBs


The OTA indicator can be CSI-RS, which can also be used for measurements in addition to indicating whether the gNB has a High L1 priority reception in NL1 slots after the OTA indication, where the value of NL1 is exchanged between gNBs.  There are two ways this CSI-RS can indicate the 1 bit message:
· A WUS-like method, where the presence and absence of the CSI-RS indicates whether a High L1 priority reception is in the next NL1 slots or not.
· Two CSI-RS sequence, where a 1st sequence indicates a High L1 priority reception in the next NL1 slots, and a 2nd sequence indicates no High L1 priority reception in the next NL1 slot.  The aggressor gNB will blind decode both sequences.
Observation 8: CSI-RS used as the High L1 priority OTA indicator, can also be used for measurements.
Proposal 5: Support OTA gNB-gNB signaling to exchange dynamic scheduling information such as L1 priority among gNBs.  

Proposal 6: The L1 priority OTA indicator uses CSI-RS, and can be implemented using the following two options:
· Option 1: A WUS-like indicator, where the presence and absence of the CSI-RS L1 priority OTA indicator, indicate whether the gNB has a High L1 priority reception or not, in NL1 slots after the transmission of the OTA indicator.
· Option 2: Two CSI-RS are used where:
· A 1st CSI-RS sequence indicates that the gNB has a High L1 priority reception in NL1 slots after the transmission of the OTA indicator
· A 2nd CSI-RS sequence indicates that the gNB does not have any High L1 priority reception in NL1 slots after the transmission of the OTA indicator
The configuration of NL1 value is exchange between gNBs


 




2.3 gNB-gNB spatial domain coordination 
In [1], the following methods on spatial domain coordination were considered:
· Beam nulling
· Beam pairing

2.3.1 Beam nulling
In beam nulling, a gNB measures the channel of another gNB, and uses the measured channel to steer its DL beam so that it nulls out beams that may be directed to the other gNB thereby avoding CLI in the other gNB.  The measurements are performed on gNB RS, thereby requiring the exchange of information of the RS configurations among the gNBs.  Since the RS configurations are semi-static, exchanging its configurations over a slow Xn interface is feasible.

Another beam nulling method is for a 1st gNB to measure the channel of a 2nd gNB, and the 1st gNB feedbacks its measurements to 2nd gNB.  The 2nd gNB will them attempt to null its beams that may cause CLI to the 1st gNB.  In addition to the exchange of the RS configurations among gNBs, this requires a 1st gNB to feedback channel measurements to a 2nd gNB.  Due to delay in signalling the measurements over a slow Xn interface, the measured channel by the 1st gNB may no longer be valid when the measurements reach the 2nd gNB.  However, since the gNBs are static we may assume the propagation channel between the two gNBs may not to change very quickly which may be feasible in some cases.

Observation 9: The exchange of RS configurations among gNB over a slow Xn interface for beam nulling is feasible since RS configurations are semi-statically configured.

Observation 10: Beam nulling requiring a 1st gNB measurements to feedback to a 2nd gNB over a slow Xn interface may not be practical for fast changing propagation channel between these gNB.


The UL average-UPT may improve as observed in the summary in [1] but at the expense of degradation in the DL average UPT.  The main issue with beam nulling is the lost in the degree of freedom for DL beamforming, since a gNB would be restricted to a smaller subset of DL beams.  This issue is worsened if an aggressor gNB perform beam nulling by not using the best DL beam but there is no UL reception at the victim gNB.  The DL degradation can be reduced, if the aggressor gNB knows whether the victim gNB has UL reception especially one that has high L1 priority, since it can determine whether restricting its own DL beams to perform beam nulling is beneficial to the victim gNB.  

Observation 11: Beam nulling may improve UL UPT but at the expense of DL UPT degradation since the aggressor gNB has less degree of freedom in scheduling its DL beams.

Observation 12: It is beneficial for beam nulling that the aggressor gNB is aware whether the victim gNB has high L1 priority UL reception, so that the aggressor gNB can determine whether to perform beam nulling.

Proposal 7: Beam nulling can be supported together with L1 priority OTA indication.


2.3.2 Beam pairing
In beam pairing, information on lists of preferred and non-preferred DL beams among gNBs is exchanged.  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, since it isn’t clear when the gNB can apply the preferred/non-preferred DL beams since 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 13: Only semi-static list of preferred & non-preferred beams can be exchanged over the slow Xn interface among gNBs for beam pairing.
Observation 14: Since gNB scheduling is performed dynamically, the semi-static list of preferred & non-preferred beams may degrade an aggressor’s gNB performance, due to scheduling restriction.  That is, it is very challenging for a gNB to decide when to apply the preferred/non-preferred DL beams.

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 15: 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 8: Beam pairing is not practical over a slow gNB-gNB interface and is not considered further.

3. UE-UE CLI handling
The agreed UE-ue CLI handling schemes considered are:
· UE-UE CLI measurement and reporting
· UE-UE coordinated scheduling in time and/or frequency
· UE-UE spatial domain coordination

3.1 UE-UE CLI measurement and reporting
3.1.1 UE-UE CLI measurement
In RAN1#117, the following alternatives were considered for L1 UE CLI measurement & reporting:
· Alt.1: If L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework are supported for UE-to-UE CLI handling, the following are recommended to be specified 
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set) i.e., SRS-RSRP resource or CLI-RSSI resource
· Measurement reporting
· Periodic, semi-persistent or aperiodic reporting on PUCCH/PUSCH 
· New report quantities: e.g L1-SRS-RSRP, L1-CLI-RSSI and/or RS indexes
· UCI bits generation 
· UCI omission rule 
· Priority rules for multiple CSI reporting
· CSI processing unit and CPU occupation rule
· Timeline and related UE behaviours
· Alt.2: If L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework are supported for UE-to-UE CLI handling, the following are recommended to be specified 
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set), i.e., CLI-IMR
· Measurement reporting
· CSI measurement procedure integrating CLI measurement
· Note: Reuse the existing periodic, semi-persistent and aperiodic reporting on PUCCH/PUSCH 
· Note: Reuse the existing report quantities, i.e., CQI, L1-SINR, and the new measurements on CLI-IMR are included in the interference measurement term for the existing report quantities
· Alt.3: If L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework are supported for UE-to-UE CLI handling, the following are recommended to be specified 
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set) i.e., SRS-RSRP resource or CLI-RSSI resource or CLI-IMR
· Measurement reporting
· Periodic, semi-persistent or aperiodic reporting on PUCCH/PUSCH 
· New report quantities: e.g. L1-SRS-RSRP, L1-CLI-RSSI and/or RS indexes
· UCI bits generation 
· UCI omission rule 
· Priority rules for multiple CSI reporting
· CSI processing unit and CPU occupation rule
· Timeline and related UE behaviours
· CSI measurement procedure integrating CLI measurement
· Note: The new measurements on CLI-IMR are included in the interference measurement term for the existing report quantities, i.e., CQI, L1-SINR.

Alt-1 measures the SRS-RSRP of an aggressor UE or CLI-RSSI of multiple aggressor UEs.  SRS-RSRP enables the gNB to identify a specific aggressor UE, but this requires the victim UE to measure in the UL subband.  CLI-RSSI is likely measured in the DL subband captures any CLI from aggressor UE, and can also be used to identify specific aggressor UE by synching the aggressor UE’s SRS transmission with the CLI-RSSI measurement resources.  The measurement resources for CLI-RSSI measurements can reuse existing measurement resources such as IMR or a new measurement resource can be defined. Alt-1 will require new reporting quantities to be defined.
In Alt-2, the measurement resource is CLI-IMR which can be implemented using ZP CSI-RS.  The reporting quantity is in the form of CQI and/or L1-SINR.  Both CQI and L1-SINR requires a signal to work out the numerator part of the SINR, whereas ZP CSI-RS contains only the interference, i.e. the denominator part of the SINR.  The UE has to obtain the signal part (i.e. the numerator) from other measurement resources such as CSI-RS.  The CLI-IMR resources can capture CLI-RSSI if it is synched with the transmission of SRS or other UL transmissions from the aggressor UE.
Alt-3 combines Alt-1 and Alt-2, which can make use of CLI-IMR to measure the CLI-RSSI and report the CLI-RSSI and CQI or L1-SNIR to the gNB.  It can also be used to identify a specific aggressor UE if the victim UE is allowed to measure in UL subband, where it can measure the aggressor UE’s SRS.  We therefore have a preference for Alt-3 since it provides the most comprehensive measurements for CLI.
Proposal 9: Support L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework for UE-to-UE CLI handling, and consider the following aspects to be specified (i.e. Alt-3):
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set) i.e., SRS-RSRP resource or CLI-RSSI resource or CLI-IMR
· Measurement reporting
· Periodic, semi-persistent or aperiodic reporting on PUCCH/PUSCH 
· New report quantities: e.g. L1-SRS-RSRP, L1-CLI-RSSI and/or RS indexes
· UCI bits generation 
· UCI omission rule 
· Priority rules for multiple CSI reporting
· CSI processing unit and CPU occupation rule
· Timeline and related UE behaviours
· CSI measurement procedure integrating CLI measurement
· Note: The new measurements on CLI-IMR are included in the interference measurement term for the existing report quantities, i.e., CQI, L1-SINR.

Inter subband CLI in SBFD is caused by transmitter leakage and receiver selectivity and so the CLI is non-uniform, i.e., CLI is stronger for RBs at the edge of the subband that is adjacent to another subband and weaker for RBs that are further away from an adjacent subband.  Since inter subband CLI affects a victim subband non-uniformly, CLI measurements for SBFD should reflect this so that the gNB knows which part of a subband suffers the most or least CLI.

Observation 16: Since in SBFD, inter subband CLI is non-uniform across the victim subband, the CLI measurement reports should take this aspect into account.


One way to take into account the non-uniform CLI in a victim subband is to have finer frequency granularity on the measurements.  Here we divide the victim subband into multiple measurement Subband Blocks, SB Blocks, and the UE performs measurements such as SRS-RSRP or CLI-RSSI on each of these blocks and reports them.  An example is shown in Figure 2, where the victim subband is the DL Subband and four measurement SB Blocks are equally distributed over the DL Subband, labelled as B1, B2, B3 and B4.  A victim UE can be configured to measure SRS signal power transmitted by an aggressor UE.  By having finer granularity, the gNB can determine the severity of the CLI in SB Block B1 compared to other SB Blocks and schedule accordingly.  In contrast, if the gNB only has the measurement for the BWP, and if the gNB schedules a PDSCH that occupies only a fraction of the DL Subband, e.g. a PDSCH within frequencies f3 to f4, the gNB will have to guess the CLI severity around frequency f3 to f4, which may lead to a PDSCH with MCS that is overly pessimistic or optimistic being scheduled.  The size, i.e., frequency granularity, of the SB Block can be configurable.

[image: ]
[bookmark: _Ref110872501]Figure 2: Measurement Subband Blocks


Proposal 10: Support finer frequency granularity for CLI measurement and reporting, by dividing the BWP or the victim subband into smaller frequency blocks, where CLI measurement and reporting are performed on each frequency block.



3.1.2 UE-UE Coordinated Scheduling
The methods discussed for UE-UE coordinated scheduling are:
· Information exchange on SRS configuration
· Information exchange of UE timing information
Information exchange on SRS information and UE timing information are to help a UE measures SRS transmitted by another UE.  To enable one UE to measure another UE SRS, in addition to getting SRS configurations of the transmitting UE, the victim UE will need to be able to measure in the UL subband.  Whether UE is allowed to measure in the UL subband is under discussion in Agenda 9.3.1.
On the timing aspect, it is difficult for the transmitting UE to timing align with the measuring UE, since there may be multiple UE trying to measure the transmitting UE’s SRS.  It is easier for the measuring UE to time align with the transmitting UE in measuring SRS.  On the other had it is challenging for the measuring UE to time align to multiple transmitting UE at the same time, and hence this can only be done one at a time, that is measuring UE can measure one other UE’s SRS at a time.  The practical aspect of exchanging timing information needs further discussion.
Observation 17: Information exchange on SRS information and UE timing information are used to help a UE to measure SRS transmitted by another UE.  This requires the measuring UE to measure in the UL subband, which is pending the discussion in Agenda 9.3.1.
Proposal 11: If UE is allowed to measure in the UL subband, then at least information exchange on SRS is supported.

3.1.3 UE-UE spatial domain coordination
The method considered for UE-UE spatial domain coordination is for the UE to perform CLI measurements and reporting on multiple DL beam [3].  That is, DL beam management is enhanced to include CLI measurements in the reporting, which is part of UE measurements rather than under spatial domain coordination as it isn’t clear what coordination is being performed here.
Proposal 12: UE measurements of DL beam CLI is discussed under L1 UE measurements.


4. Conclusion
In this contribution, we discuss some the CLI handling schemes for SBFD, and we observe the following:
Observation 1: Although spatial coordination requires gNB-gNB RS such as CD-SSB, NCD-SSB and CSI-RS, gNB-gNB RS can also be enabler for other CLI handling schemes that may or may not be specified in Rel-19.  It is beneficial to support these RS, even if spatial coordination is not 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 pattern can reuse the pattern defined for existing RS, such as PT-RS, SRS and CSI-RS.  The specs impact is therefore minimised.

Observation 5: RE muting may not be enabled for every UL transmission.

Observation 6: RE muting on REs containing RS from multiple gNBs may degrade the reliability of UL transmissions.

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: CSI-RS used as the High L1 priority OTA indicator, can also be used for measurements.
Observation 9: The exchange of RS configurations among gNB over a slow Xn interface for beam nulling is feasible since RS configurations are semi-statically configured.

Observation 10: Beam nulling requiring a 1st gNB measurements to feedback to a 2nd gNB over a slow Xn interface may not be practical for fast changing propagation channel between these gNB.

Observation 11: Beam nulling may improve UL UPT but at the expense of DL UPT degradation since the aggressor gNB has less degree of freedom in scheduling its DL beams.

Observation 12: It is beneficial for beam nulling that the aggressor gNB is aware whether the victim gNB has high L1 priority UL reception, so that the aggressor gNB can determine whether to perform beam nulling.

Observation 13: Only semi-static list of preferred & non-preferred beams can be exchanged over the slow Xn interface among gNBs for beam pairing.
Observation 14: Since gNB scheduling is performed dynamically, the semi-static list of preferred & non-preferred beams may degrade an aggressor’s gNB performance, due to scheduling restriction.  That is, it is very challenging for a gNB to decide when to apply the preferred/non-preferred DL beams.
Observation 15: 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 16: Since in SBFD, inter subband CLI is non-uniform across the victim subband, the CLI measurement reports should take this aspect into account.

Observation 17: Information exchange on SRS information and UE timing information are used to help a UE to measure SRS transmitted by another UE.  This requires the measuring UE to measure in the UL subband, which is pending the discussion in Agenda 9.3.1.


We therefore propose the following:
Proposal 1: Support using CD-SSB, NCD-SSB and CSI-RS for gNB-gNB measurement and the exchange of their configurations among gNB.  
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 (following existing RS, such as PT-RS, SRS and CSI-RS) 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 OTA gNB-gNB signaling to exchange dynamic scheduling information such as L1 priority among gNBs.  

Proposal 6: The L1 priority OTA indicator uses CSI-RS, and can be implemented using the following two options:
· Option 1: A WUS-like indicator, where the presence and absence of the CSI-RS L1 priority OTA indicator, indicate whether the gNB has a High L1 priority reception or not, in NL1 slots after the transmission of the OTA indicator.
· Option 2: Two CSI-RS are used where:
· A 1st CSI-RS sequence indicates that the gNB has a High L1 priority reception in NL1 slots after the transmission of the OTA indicator
· A 2nd CSI-RS sequence indicates that the gNB does not have any High L1 priority reception in NL1 slots after the transmission of the OTA indicator
The configuration of NL1 value is exchange between gNBs

Proposal 7: Beam nulling can be supported together with L1 priority OTA indication.

Proposal 8: Beam pairing is not practical over a slow gNB-gNB interface and is not considered further.
Proposal 9: Support L1 based UE-to-UE CLI measurement and reporting based on existing CSI framework for UE-to-UE CLI handling, and consider the following aspects to be specified (i.e. Alt-3):
· Measurement resources
· Periodic, semi-persistent, or aperiodic measurement resource (set) i.e., SRS-RSRP resource or CLI-RSSI resource or CLI-IMR
· Measurement reporting
· Periodic, semi-persistent or aperiodic reporting on PUCCH/PUSCH 
· New report quantities: e.g. L1-SRS-RSRP, L1-CLI-RSSI and/or RS indexes
· UCI bits generation 
· UCI omission rule 
· Priority rules for multiple CSI reporting
· CSI processing unit and CPU occupation rule
· Timeline and related UE behaviours
· CSI measurement procedure integrating CLI measurement
· Note: The new measurements on CLI-IMR are included in the interference measurement term for the existing report quantities, i.e., CQI, L1-SINR.

Proposal 10: Support finer frequency granularity for CLI measurement and reporting, by dividing the BWP or the victim subband into smaller frequency blocks, where CLI measurement and reporting are performed on each frequency block.

Proposal 11: If UE is allowed to measure in the UL subband, then at least information exchange on SRS is supported.
Proposal 12: UE measurements of DL beam CLI is discussed under L1 UE measurements.
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