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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#113, we agreed and concluded the following on dynamic/flexible TDD:
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.
Above does not imply that L3 based measurement and reporting cannot be used for similar purposes.

Agreement
The following conclusion is to be captured in the TR
In the study of gNB-to-gNB co-channel CLI measurement and/or channel measurement, it is assumed that periodic NZP CSI-RS/SSB is the baseline. Also, for the study, it is assumed that both CD-SSB and NCD-SSB can be used for gNB-to-gNB CLI measurement. From the study of gNB-to-gNB co-channel CLI measurement and/or channel measurement, followings are observed:
· gNBs, which measure gNB-to-gNB co-channel CLI using CD-SSBs from neighbor cells, might require muting/skipping some of the CD-SSBs if the time/frequency resource of CD-SSBs for the gNBs is overlapping.
· This approach might at least incur impact on initial access / cell search / RRM measurement performance
· In order to address the above issue, NCD-SSBs can be used for CLI measurement at victim gNBs.
· SSB resources may be useful for coarse tracking of CLI levels 
· NZP CSI-RS resource configurations provided to neighbor gNBs can be used for the purpose of estimating inter-gNB CLI levels.
· NZP CSI-RS resource configurations provided to neighbor gNBs also can be used for the purpose of estimating inter-gNB channel which helps Tx / Rx gNBs perform beamforming to reduce inter-gNB CLI.

Agreement
The following conclusion is to be captured in the TR
From the study of the benefit of knowledge among gNBs of semi-static SBFD time and frequency configuration, followings are observed:
· The knowledge among gNBs of semi-static SBFD time and frequency configuration can be beneficial depending on gNB implementation
Note: As of RAN1#113, there are no evaluation results to verify the magnitude of the benefit


Agreement
The following conclusion is to be captured in the TR
From the study of UL resource muting for gNB-to-gNB co-channel CLI measurement, channel measurement, the followings are observed:
· The UL resource muting can be used to measure the gNB-to-gNB CLI levels with less interference from UL. 
· The UL resource muting can be used to measure the gNB-to-gNB channel with less interference from UL.
· The UL resource muting can be used to measure the gNB-to-gNB CLI interference covariance matrix with less interference from UL.
Note: Above can be done using current specification which supports transparent UL resource muting with gNB scheduling
Note: UL resource muting could incur UL performance loss

This contribution discusses some remaining issues on dynamic/flexible TDD.

2. gNB-gNB CLI
2.1 gNB-gNB CLI Measurements 
The gNB-gNB RS from one gNB may collide with an UL transmission in the measuring gNB.  It was concluded in the last meeting that UL resource muting can reduce interference in the gNB-gNB RS, and therefore improve the accuracy of gNB-gNB CLI measurements.  The following options were considered for muting of UL transmission [1]:

· Option 1: Transparent UL resource muting method (e.g., avoid 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.  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 1: 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, the UE can be configured with muting patterns at the RE level. This and 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 2: 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 3: RE muting may not be enabled for every UL/DL transmission.

Proposal 1: 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 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 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 4: 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 gNB-gNB 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 5: 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 methods 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 & SBFD Format
It has been agreed to consider exchange Slot & SBFD format among gNB, which we describe in this section.

If the gNB scheduler is aware of the Slot & SBFD 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 {DDDXU} where X is {DU} SBFD slot, thereby causing CLI in Slot n+3.  If gNB1 is aware of gNB2’s Slot & SBFD 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 transmissions with low MCS to make them more robust or schedule them away from a subband of a different link direction.  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).  Since gNB1 is aware that Slot n+3 is an SBFD slot with UL subband at the lower frequency region, gNB1 can avoid causing CLI into gNB2 by scheduling its PDSCH, i.e., eMBB#2 on the upper frequency region in its own Slot n+4, which avoids interfering with gNB2’s PUSCH carrying eMBB#5.  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. 

[image: ]
[bookmark: _Ref111024675]Figure 1: Using Slot & SBFD Format info for coordinated scheduling

Observation 6: Signalling of information on Slot & SBFD Format between gNBs is beneficial for coordinated scheduling.


Using gNB-gNB RS to indicate Slot & SBFD Format has low latency but the amount of information is limited.  A fixed number of Slot & SBFD 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 & SBFD Format for one or more slots.

Proposal 5: The gNB-gNB RS is used to indicate the Slot & SBFD 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 & SBFD 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 7: 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 
Resource blanking/restriction as a method for gNB-gNB coordinated scheduling was proposed with the following as described in [2]:

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 decide when to perform resource blanking/restriction?
· How far ahead should a gNB blank/restrict a resource?

In the first question, it wasn’t clear 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 8: 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 Xn-interface, is used.  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 9: If the backhaul (Xn-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 (Xn-interface) is slow.

Observation 10: 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 decide where and when to perform resource blanking/restriction?
· How far ahead should a gNB blank/restrict a resource?



2.3 gNB-gNB Timing Alignment
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 [3] 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 3, 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.  Slot n+1 in gNB2 is a DL slot and here 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 3 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: _Ref127371962]Figure 3: UL signal & DL interference misalignment
In [3] 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 4, 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: _Ref127371981]Figure 4: 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 [4], 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 5, 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: _Ref127374715]Figure 5: Setting NTA,offset < 0 removes NTX-RX time gap and causes self-interference

Observation 11: 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 12: 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 6, 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 6.  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: _Ref127377066]Figure 6: Adding alignment offset TUL to the overall timing advance

Proposal 8: 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.



3. UE-UE CLI
3.1 UE-UE CLI Measurements
3.1.1 L1 CLI Measurement Reporting
It was agreed to consider L1 CLI measurement and reporting.  The L1 CLI measurement report can be periodic, semi-persistent and aperiodic, similar to the mechanism used for CSI measurements.  In previous RAN1 meetings, it was also proposed to consider L1 measurement CLI report based on event trigger.  In the current system there is no event triggered based L1 measurement report.  One event trigger that may be beneficial is to trigger a CLI measurement report based on PDSCH decoding.  For example, the UE can report whether a PDSCH is successfully decoded with high CLI or low CLI or failed the decoding with high CLI or low CLI.  This will enable the gNB to perform link adaptation by taking into account the CLI.  If a decoding failed due to high CLI, then the gNB need not be aggressive in reducing its MCS but instead it may attempt to reduce the CLI instead.  

Proposal 9: Consider a CLI measurement report event trigger based on the PDSCH decoding, for example, whether the PDSCH is successfully decoded with high CLI or low CLI (ACK with high CLI or ACK with low CLI) or the decoding failed with high CLI or low CLI (NACK with high CLI or NACK with low CLI).


3.1.2 Finer Frequency Granularity CLI measurement/reporting
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 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 13: 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 7, 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.
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[bookmark: _Ref110872501]Figure 7: Measurement Subband Blocks

Finer frequency granularity CLI measurement can also be used for Dyanmic/Flexible TDD.  For a wide bandwidth, the channel is likely to be frequency selective and hence, it is beneficial to exchange the finer frequency granularity CLI measurements between gNBs.  This would enable an aggressor gNB to decide which frequency resources suffer from CLI at the victim gNB and would either avoid scheduling these resources or use lower DL power, rather than penalize the entire OFDM symbol or the entire bandwidth by refraining from scheduling or reduce its DL transmit power in the entire OFDM symbol.

Observation 14: Exchange of finer frequency granularity CLI measurement between gNBs is beneficial for dynamic/flexible TDD, as it enables an aggressor gNB to selectively avoid scheduling of impacted RBs or reduce the DL transmission or power of RBs that cause high CLI into a victim gNB rather than penalize an entire OFDM symbol.

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: Support exchange finer frequency granularity CLI measurements between gNBs.


3.2 UE-UE 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.  In [5], it is noted 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 [6] 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 [7], 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 12: Study potential timing information that a gNB can provide to a victim UE that would aid the victim UE in time synchronising with an aggressor UE for SRS measurements.


4. Conclusion
In this contribution, we discuss some considerations on Dynamic/Flexible TDD, and we observe the following:
Observation 1: 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 2: 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 3: RE muting may not be enabled for every UL/DL transmission.

Observation 4: RE muting on REs containing RS from multiple gNBs may degrade the reliability of UL transmissions.

Observation 5: 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 6: Signalling of information on Slot & SBFD Format between gNBs is beneficial for coordinated scheduling.

Observation 7: 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 8: 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 9: If the backhaul (Xn-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 (Xn-interface) is slow.

Observation 10: 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 11: 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 12: 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 13: Since in SBFD inter subband CLI is non-uniform across the victim subband, the CLI measurement reports should take this aspect into account.

Observation 14: Exchange of finer frequency granularity CLI measurement between gNBs is beneficial for dynamic/flexible TDD, as it enables an aggressor gNB to selectively avoid scheduling of impacted RBs or reduce the DL transmission or power of RBs that cause high CLI into a victim gNB rather than penalize an entire OFDM symbol.


We therefore propose the following:
Proposal 1: 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 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 & SBFD 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 decide where and when to perform resource blanking/restriction?
· How far ahead should a gNB blank/restrict a resource?

Proposal 8: 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 9: Consider a CLI measurement report event trigger based on the PDSCH decoding, for example, whether the PDSCH is successfully decoded with high CLI or low CLI (ACK with high CLI or ACK with low CLI) or the decoding failed with high CLI or low CLI (NACK with high CLI or NACK with low CLI).

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: Support exchange finer frequency granularity CLI measurements between gNBs.

Proposal 12: Study potential timing information that a gNB can provide to a victim UE that would aid the victim UE in time synchronising with an aggressor UE for SRS measurements.
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