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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#110bis-e we agreed and concluded the following on SBFD operations:

Agreement
For gNB-to-gNB co-channel CLI measurement, the potential benefit of uplink resources muting can be studied further.
Note: Proponents of uplink resource muting are encouraged to provide evaluation result for comparison of performance between two cases when uplink resource muting based gNB-gNB CLI handling schemes including both UE transparent and non-UE transparent schemes is applied or not.

Agreement
For gNB-to-gNB co-channel CLI measurement, consider as baseline reusing existing DL channel(s)/signal(s)/measurement_resource(s)
· For example, SSB, NZP/ZP-CSI-RS, DMRS for PDCCH/PDSCH, CSI-IM, RSSI measurement resource, etc.
· FFS: Which type of DL channel(s)/signal(s) can be used for gNB-to-gNB co-channel CLI measurement
· FFS: How resources are used/configured

Agreement
For UE-to-UE co-channel CLI measurement, consider as baseline reusing existing channel(s)/signal(s)/measurement_resource(s)
· For example, SRS resources defined in Rel-16 for SRS-RSRP measurement, CLI-RSSI resources defined in Rel-16 for CLI-RSSI measurement
· FFS potential enhancements

Agreement
For UE-to-UE co-channel CLI handling, study L1/L2 based UE-to-UE CLI measurement and reporting
· Note: Accounting for UE processing/reporting delay – companies to share their assumptions
· Note: Proponents are encouraged to provide the mechanism of L1/L2 based CLI measurement and reporting, and to provide the benefits of L1/L2 based CLI measurement and reporting compared with existing L3 CLI/CSI measurement and report with evaluation result
· Note: Accounting for information exchange delay between gNBs (if applicable)

Agreement
For details of spatial domain coordination method for gNB-to-gNB co-channel CLI handling, at least followings can be studied. 
· Recommended/restricted Beams between gNBs
· Beam nulling between gNBs
· Beam pairing between gNBs
· Other schemes are not precluded. 


The following conclusions were made in RAN1#110bis-e:
Conclusion
No further discussion for potential enhancement to Rel-16 RIM for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.

Conclusion
No further discussion for sensing based mechanism for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.

Conclusion
No further discussion for sensing based mechanism (i.e. LBT) for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD

Conclusion 
Under AI 9.3.3, no further discussion on UE side advanced receiver for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD 

This contribution discusses some considerations on using non-overlapping subbands for full duplex TDD.

2. Discussions

2.1 gNB-gNB CLI Measurements – RE Muting
One of the methods considered to manage CLI is gNB-gNB CLI measurements [1], where gNB RS is transmitted by one gNB so that other gNBs can measure the signal power of this RS to determine the level of CLI.  In order to improve the measurements, it was proposed that the gNB mutes the REs containing the other gNB RS [2].  

For UL transmissions, the UE needs to know which REs to mute.  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.  

For DL transmissions, RE muting can be transparent to the UE.  However, for decoding aspect, it may be beneficial for the UE to know which REs have been muted and for a unified solution with UL transmission, we propose that the UE is also aware of the RE muting patterns in the DL.

Observation 1: For UL transmissions, the UE needs to know which REs to mute.

Observation 2: RE muting may not be enabled for every UL/DL transmission.

Proposal 1: For UL and DL transmissions, the gNB semi-statically configures one or more RE muting patterns for the UE, i.e. the UE is aware of which REs is muted.

Proposal 2: 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 degrades 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 3: 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 3: 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 Coordinated Scheduling

2.2.1 Over-The-Air Signalling
In coordinated scheduling information related to transmission resources are exchanged between gNBs so that they could minimise CLI among themselves.  Information exchange between gNBs can be performed over the backhaul but the backhaul is very slow and therefore has limited benefit since it does not meet the lower latency required when gNBs schedule dynamically.

Observation 4: Since the backhaul among gNBs has high latency, exchanging information between gNBs via the backhaul for coordinated scheduling has limited benefit in dynamic scheduling at each of the gNBs.


An alternative to using the backhaul is to signal the information Over-The-Air (OTA), which is faster and therefore suitable for gNB dynamic scheduling.  We consider using gNB-gNB RS for OTA physical layer signalling, which is beneficial in terms of low latency and appropriate for the physical layer dynamic scheduling at the gNB.   We consider two OTA signalling using RS, namely signalling of Slot & Subband Format and L1 Priority.

Proposal 4: Introduce new RS that can be used as Over-The-Air (OTA) physical layer signalling between gNBs for scheduling coordination.


2.2.1.1 Slot & Subband Format
If the gNB scheduler is aware of the Slot & Subband Format of an adjacent gNB, it could schedule its transmission to avoid or minimise the impact of CLI.  An example is shown in Figure 1, where gNB1’s slot format is {DDDDU} and gNB2's slot format is {DDDUU} thereby causing CLI in Slot n+3.  If gNB1 is aware of gNB2’s slot format, it could schedule transmissions that require high reliability in slots that do not have CLI and for slots that do have CLI, it could schedule transmissions that have lower reliability requirements or schedule that transmission with low MCS to make it more robust.  In this example, Slot n, n+1, n+2 and n+4 do not suffer from CLI with gNB2, and hence gNB1 schedules URLLC traffic in Slot n (PDSCH) and Slot n+4 (PUSCH) but schedules a PDSCH carrying eMBB with lower power in Slot n+3 since it may cause CLI to gNB2.  Similarly, gNB2 is aware of gNB1’s slot format and schedules a PDSCH carrying URLLC in Slot n+1, which has no CLI, and a PUSCH carrying eMBB that requires lower reliability in Slot n+3, which experiences CLI. 
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[bookmark: _Ref111024675]Figure 1: Using Slot & Subband Format info for coordinated scheduling

Observation 5: Signalling of information on Slot & Subband Format between gNBs is beneficial for coordinated scheduling.


Using gNB-gNB RS to indicate Slot & Subband Format has low latency but the amount of information is limited.  A fixed number of Slot & Subband Formats, i.e., whether the slot is DL, UL or SBFD, can be indicated using different cyclic shifts of a base sequence of the RS.  For example, each gNB’s RS use a different base sequence and the different cyclic shifts of the base sequence indicate the Slot & Subband Format for one or more slots.

Proposal 5: The gNB-gNB RS is used to indicate the Slot & Subband Format of the gNB transmitting the RS.


2.2.1.2 L1 Priority
URLLC traffic requires ultra-high reliability and ultra-low latency.  In previous releases, URLLC transmission can pre-empt an ongoing transmission of the same UE or different UE.  L1 Priority Indicator was introduced to handle intra-UE UL transmissions of different L1 priority, whilst DL Pre-emption Indicator and UL Cancellation Indicator were introduced to handle inter-UE transmissions of different L1 priority within the same cell.  

Even if a gNB is aware of another gNB’s Slot & Subband Format, due to the ultra-low latency requirement of URLLC traffic, it may still need to schedule URLLC traffic in a slot that suffers from CLI.  Hence, it is beneficial that the gNB is able to indicate to another gNB the L1 priority of a transmission, so that the neighbouring gNB can take that into account, e.g., by refraining from scheduling a transmission in the slot that contributes CLI or reduce its transmission power.  An example is shown in Figure 2, where at Slot n+3, the slot formats of gNB1 and gNB2 are DL and UL respectively, thereby causing CLI.  gNB1 transmits a DL Grant (DCI#1) in Slot n+1 to schedule an eMBB PDSCH in Slot n+3.  In Slot n+2, gNB2 transmits an UL Grant (DCI#2) to schedule an urgent URLLC PUSCH in Slot n+3 and here gNB2 also transmits its RS that is decoded by gNB1, which indicates that there is a high L1 priority transmission in Slot n+3.  gNB1 then cancels the eMBB transmission in Slot n+3 so that it does not cause CLI to gNB2’s URLLC reception.  gNB1 can further transmit a DL Pre-emption indicator in Slot n+4 to inform its UE that the eMBB PDSCH has been cancelled.
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[bookmark: _Ref111036033]Figure 2: L1 priority indication between gNBs

Observation 6: Since URLLC traffic has ultra-low latency, the gNB may need to schedule a URLLC transmission in a slot even if the gNB is aware that that slot suffers from CLI.  It is therefore beneficial that an aggressor gNB is aware of the L1 priority of a victim gNB’s transmission.

Proposal 6: The gNB-gNB RS is used to indicate L1 priority of a scheduled transmission.


2.2.2 Resource blanking/restriction 
In the previous meeting, the following proposal was the ONLY proposal suggested in the Feature Lead Summary for gNB-gNB Coordinated Scheduling [3]:

For details of coordinated scheduling for time/frequency resources between gNBs for gNB-to-gNB co-channel CLI handling, at least followings can be studied. 
· DL resource blanking including time/frequency resource at aggressor gNB
· UL resource restriction including time/frequency resources among gNBs
· Enhancement of intended TDD UL-DL configuration
· Other details are not precluded.

It was not clear how this resource blanking/restriction works and our attempts to seek further clarifications were not addressed.  The following questions were raised:
· How does a gNB decides when to perform resource blanking/restriction?
· How far ahead should a gNB blank/restrict a resource?

In the first question, it wasn’t clear despite numerous attempts to seek for clarification, whether a gNB dictates another gNB to blank/restrict some resource.  If gNB A asks gNB B to blank/restrict its resources, then that would degrade gNB B’s performance and may even cause gNB B to fail to meet service requirements.  For example, if gNB A instructs gNB B to blank certain resource and gNB B needs to transmit an urgent URLLC transmission, then it would fail the latency and reliability requirement for that transmission due to lack of resources.  It should also be noted that in a sensible network one gNB does not force another gNB to stop its transmissions/receptions.  For example, if every gNB asks every other gNB to blank its resources, how would the network even function?  
Observation 7: In a sensible network, one gNB does not force another gNB to stop its transmissions/receptions since if every gNB forces every other gNB to blank/restrict its resources, then the entire network would fail to function.

On the second question, it isn’t clear how far ahead a gNB is supposed to blank/restrict a resource, especially if backhaul, i.e. the X-interface, is used.  Does a gNB promises to blank/restrict certain resources for another gNB that it would not use certain resources?  Since the backhaul is slow, the gNB can only promise to blank/restrict certain resources in some distant future slots.  For example, gNB A promises gNB B that it would in some future slots not perform any transmissions.  How would gNB A knows that at that promised future slot, gNB B would have things to receive?  If gNB B doesn’t need to receive or transmit anything on that promised future slot, it would be a total waste for gNB A, since gNB A cannot use that resource for its own transmission and may fail to meet reliability and latency requirements especially for URLLC traffic.
Observation 8: If the backhaul (X-interface) is used to signal the resources for blanking/restriction, then a gNB can only promise to blank/restrict resources on some distant future slots, since the backhaul (X-interface) is slow.

Observation 9: It is not practical for one gNB to promise another gNB that it would blank/restrict its resources in some distant future slots, since the traffic/scheduling at each gNB occurs dynamically.


Given the proposal on blanking/restriction is unclear or was poorly constructed, we suggest that it is not further considered unless our concerns are addressed.

Proposal 7: Blanking/restriction of resources for coordinated scheduling is not further considered unless the following concerns are addressed:

· How does a gNB decides where and when to perform resource blanking/restriction?
· How far ahead should a gNB blank/restrict a resource?



2.3 Timing Alignment
A gNB-gNB timing alignment was considered in previous meetings [1], [3].  An example to describe this timing alignment is shown in Figure 3, where a victim gNB, gNB1 schedules a PUSCH for a UE, where the PUSCH is timing advanced (TA) at the UE so that it arrives at the slot boundary of Slot n+1 at gNB1.  At gNB2, Slot n+1 is a DL slot and here gNB2 transmits a PDSCH thereby causing CLI into gNB1.  Due to propagation delay, the PDSCH arrives after the boundary of Slot n+1 and therefore is not time aligned with the PUSCH.  It is argued that the time misalignment will make it difficult for the victim gNB, i.e. gNB1, to perform RE mutings on its uplink transmission, e.g. PUSCH, so that it can detect and measure gNB2’s RS or the DMRS of gNB2’s PDSCH for interference cancellation purposes.  Timing alignment can be implemented using existing Timing Advance Offset at the victim gNB, where it can be set to a value that time aligns with an aggressor gNB’s DL transmission.  Timing alignment between gNBs is used for gNB-gNB measurement purpose rather than to reduce CLI.  We should therefore consider the impact of timing misalignment after CLI reduction schemes such as coordinated scheduling have been implemented before we pursue any new gNB-gNB timing alignment methods.  
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[bookmark: _Ref115370969]Figure 3: Timing misalignment between gNB1 and gNB2

Observation 10: Timing alignment between gNBs can be implemented using existing Timing Advance Offset, where the victim gNB can align its uplink transmissions with an aggressor gNB’s DL transmissions.

Proposal 8: The impact of timing misalignment between gNBs, preferable after other CLI mitigation schemes have been applied, needs to be evaluated before considering any new gNB-gNB timing alignment methods.


3. Conclusion
In this contribution, we discuss some considerations on Dynamic/Flexible TDD, and we observe the following:
Observation 1: For UL transmissions, the UE needs to know which REs to mute.

Observation 2: RE muting may not be enabled for every UL/DL transmission.

Observation 3: RE muting on REs containing RS from multiple gNBs may degrade the reliability of UL transmissions.

Observation 4: Since the backhaul among gNBs has high latency, exchanging information between gNBs via the backhaul for coordinated scheduling has limited benefit in dynamic scheduling at each of the gNBs.

Observation 5: Signalling of information on Slot & Subband Format between gNBs is beneficial for coordinated scheduling.

Observation 6: Since URLLC traffic has ultra-low latency, the gNB may need to schedule a URLLC transmission in a slot even if the gNB is aware that that slot suffers from CLI.  It is therefore beneficial that an aggressor gNB is aware of the L1 priority of a victim gNB’s transmission.

Observation 7: In a sensible network, one gNB does not force another gNB to stop its transmissions/receptions since if every gNB forces every other gNB to blank/restrict its resources, then the entire network would fail to function.
Observation 8: If the backhaul (X-interface) is used to signal the resources for blanking/restriction, then a gNB can only promise to blank/restrict resources on some distant future slots, since the backhaul (X-interface) is slow.

Observation 9: It is not practical for one gNB to promise another gNB that it would blank/restrict its resources in some distant future slots, since the traffic/scheduling at each gNB occurs dynamically.

Observation 10: Timing alignment between gNBs can be implemented using existing Timing Advance Offset, where the victim gNB can align its uplink transmissions with an aggressor gNB’s DL transmissions.


We therefore propose the following:
Proposal 1: For UL and DL transmissions, the gNB semi-statically configures one or more RE muting patterns for the UE, i.e. the UE is aware of which REs is muted.

Proposal 2: 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 3: 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 4: Introduce new RS that can be used as Over-The-Air (OTA) physical layer signalling between gNBs for scheduling coordination.

Proposal 5: The gNB-gNB RS is used to indicate the Slot & Subband Format of the gNB transmitting the RS.

Proposal 6: The gNB-gNB RS is used to indicate L1 priority of a scheduled transmission.

Proposal 7: Blanking/restriction of resources for coordinated scheduling is not further considered unless the following concerns are addressed:

· How does a gNB decides where and when to perform resource blanking/restriction?
· How far ahead should a gNB blank/restrict a resource?

Proposal 8: The impact of timing misalignment between gNBs, preferable after other CLI mitigation schemes have been applied, needs to be evaluated before considering any new gNB-gNB timing alignment methods.
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