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Introduction
In this contribution, we discuss on potential enhancements on dynamic/flexible TDD. Specifically, we discuss how to capture the evaluation results from companies in section 2, and inter-gNB CLI handling, inter-UE CLI handling is dealt in section 3 and section 4, respectively. 

Discussion on evaluation results
In this section, we discuss remained issues regarding on evaluation results especially dealt in the post RAN1#113 email thread, each of which are UL resource muting and power control of inter-gNB CLI handling. 

Inter-gNB CLI scheme 5: UL Resource Muting-based scheme for measuring the gNB-to-gNB CLI interference covariance matrix
Following is the working assumption made regarding UL resource muting in the email discussion after RAN1#113.
	Working Assumption
The following is agreed to be captured in the TR with possibility for revision in the RAN1#114.
Inter-gNB CLI handling scheme #x: UL Resource Muting-based scheme for measuring the gNB-to-gNB CLI interference covariance matrix
· Reference scheme for performance comparison
· Source x-1 (Huawei, HiSilicon): 
· UL resource muting is not applied and the gNB-to-gNB CLI interference covariance matrix is obtained based on UL DMRS.
· Source x-2 (Nokia, NSB): 
· E-LMMSE-IRC (Rel-14 NR Study Item phase. 3GPP TR 38.802, Section 10) without UL muting.
· Proposed Scheme for gNB-to-gNB co-channel CLI handling
· Source x-1 (Huawei, HiSilicon):
· The gNB-to-gNB CLI interference covariance matrix is obtained by muting some resources for the UL transmissions, based on a predefined pattern (in the evaluation, a comb-like muting pattern on one symbol for a PUSCH occasion is assumed) and the CLI can be suppressed by the MMSE-IRC receiver.
· Ideal channel estimation for UL PUSCH of victim gNB is assumed.
· Note: Other muting patterns are not precluded.
· Source x-2 (Nokia, NSB):
· E-LMMSE-IRC with UL muting (no resources colliding with aggressor gNBs resources used for interference estimation)
· Covariance matrix estimation based on assisted information exchange of the CLI aggressor characteristics over the Xn interface
· Specification Impact of the proposed scheme
· Source x-1 (Huawei, HiSilicon): 
· Non-transparent UL muting resource patterns (e.g. predefined) including its time and frequency location (e.g. symbol-level and/or RB-level and/or RE-level) with potential impact on PUSCH resource mapping
· Source x-2 (Nokia, NSB): 
· Signaling of assistance information for interference/channel estimation over Xn interface. Potential signaling of UL muting pattern.



One thing should be accounted for is that the description of the evaluation results should be based on the difference between the reference scheme and proposed scheme, especially on the specification impact. According to the source x-1 in the above working assumption, covariance matrix is obtained based on UL DMRS for reference scheme and covariance matrix is obtained based on muting resources for proposed scheme, so the difference between them is whether UL resource muting is applied for those resource or not. Before digging into the transparent/non-transparent UL resource muting, “ideal channel estimation for UL PUSCH of victim gNB is assumed” seems to lead misunderstanding. Following previous email discussion, it is our understanding that “ideal channel estimation” mentioned here is channel estimation between victim gNB and UE, not channel estimation between gNBs, and it is realized by DL resource muting. However, it seems too strong to say that the ideal channel estimation is achieved by DL resource muting. Furthermore, the expression of “ideal channel estimation” is ambiguous whether it implies channel estimation between inter-gNB or UE-to-gNB. In short, we prefer to remove “ideal channel estimation is assumed”. 
In addition, a controversial point is whether it should be described by transparent UL muting or non-transparent UL muting, and companies have different positions of views on this. Our understanding is that transparent UL muting is based on gNB scheduling and can be applied to all UEs while non-transparent UL muting is only supported by Rel-18 UEs. Which means that perfect muting of all UEs is hard to be assumed in realistic network. In order to mute almost all of UEs, all non-Rel-18 UEs in the cell must be muted even when transparent UL muting is introduced. In short, performance difference between non-transparent UL muting and transparent UL muting is directly related to comparison between “achieved by implementation” and “supported by specification”, which is hard to say.
Therefore, to confirming the working assumption may imply follows; non-transparent UL muting guarantees perfect muting compared to transparent UL muting, which is hard to be assumed. To this end, and to avoid such complicated discussion between companies, it is appropriate to modify working assumption from non-transparent UL muting to transparent UL muting, in which case there is no specification impact. 
Proposal 1. Adopt following modification of previous working assumption.
Working Assumption
The following is agreed to be captured in the TR with possibility for revision in the RAN1#114.
Inter-gNB CLI handling scheme #x: UL Resource Muting-based scheme for measuring the gNB-to-gNB CLI interference covariance matrix
· Reference scheme for performance comparison
· Source x-1 (Huawei, HiSilicon): 
· UL resource muting is not applied and the gNB-to-gNB CLI interference covariance matrix is obtained based on UL DMRS.
· Source x-2 (Nokia, NSB): 
· E-LMMSE-IRC (Rel-14 NR Study Item phase. 3GPP TR 38.802, Section 10) without UL muting.
· Proposed Scheme for gNB-to-gNB co-channel CLI handling
· Source x-1 (Huawei, HiSilicon):
· The gNB-to-gNB CLI interference covariance matrix is obtained by muting some resources for the UL transmissions, based on a predefined pattern (in the evaluation, a comb-like muting pattern on one symbol for a PUSCH occasion is assumed) and the CLI can be suppressed by the MMSE-IRC receiver.
· Ideal channel estimation for UL PUSCH of victim gNB is assumed.
· Note: Other muting patterns are not precluded.
· Source x-2 (Nokia, NSB):
· E-LMMSE-IRC with UL muting (no resources colliding with aggressor gNBs resources used for interference estimation)
· Covariance matrix estimation based on assisted information exchange of the CLI aggressor characteristics over the Xn interface
· Specification Impact of the proposed scheme
· Source x-1 (Huawei, HiSilicon): 
· Non-transparent UL muting resource patterns (e.g. predefined) including its time and frequency location (e.g. symbol-level and/or RB-level and/or RE-level) with potential impact on PUSCH resource mapping
· No specification impacts
· Source x-2 (Nokia, NSB): 
· Signaling of assistance information for interference/channel estimation over Xn interface. Potential signaling of UL muting pattern.

Inter-gNB CLI scheme 6: Power Control scheme based on UE Tx Power Adjustment
Following is the working assumption made regarding power control based inter-gNB CLI handling in the email discussion after RAN1#113. Discussion regarding it is provided especially regarding on description from source 5-2.
	Working assumption
The following is agreed in principle to be captured in the TR with possibility for revision in the RAN1#114.
Inter-gNB CLI handling scheme #x: Power Control scheme based on UE Tx Power Adjustment
· Reference scheme for performance comparison
· Source 5-1 (Nokia, NSB): 
· Dynamic TDD baseline operation.
· Source 5-2 (Qualcomm): 
· Same UL power control parameters for slots with CLI and slots without CLI.
· Proposed Scheme for gNB-to-gNB co-channel CLI handling
· Source 5-1 (Nokia, NSB): 
· UE Tx power optimization to improve the UL SINR condition on the victim gNBs
· Source 5-2 (Qualcomm): 
· Different UL power control parameters for slots with CLI and slots without CLI. 
· Specification Impact of the proposed scheme
· Source 5-1 (Nokia, NSB): 
· Indication of specific open loop power control parameters is supported since URLLC studies for dynamic grant scheduling. 
· Other UL signals do not support such flexibility and specifications changes can be discussed
· Source 5-2 (Qualcomm): 
· Different UL power control mechanisms (both closed-loop and open-loop) for slots with CLI and without CLI. 



One thing needs to be discussed is specification impact of proposed scheme. It is saying that different UL power control mechanism for slot with CLI and without CLI, but we think it can be supported by current specification. In detail, since the simulation is based on DG-PUSCH, open loop power control can be configured separately by a set of p0 from p0-PUSCH-AlphaSet introduced in Rel-17 URLLC. Moreover, separate closed loop power control is supported by twoPUSCH-PC-AdjustmentStates which enables for UE to maintain two power control state if configured. Therefore, different UL power control mechanism (both closed-loop and open-loop) for slots with CLI and without CLI can be supported my gNB implementation when the slots with CLI and slots without CLI is determined by gNB. Moreover, the presence of inter-gNB CLI cannot be determined by UEs. Lastly, the simulation done by source 5-2 seems only applied to open-loop power control of DG-PUSCH, which makes it should be described only for DG-PUSCH. 
Proposal 2. Adopt following modification of previous working assumption.
Working assumption
The following is agreed in principle to be captured in the TR with possibility for revision in the RAN1#114.
Inter-gNB CLI handling scheme #x: Power Control scheme based on UE Tx Power Adjustment
· Reference scheme for performance comparison
· Source 5-1 (Nokia, NSB): 
· Dynamic TDD baseline operation.
· Source 5-2 (Qualcomm): 
· Same UL power control parameters for slots of DG-PUSCH with CLI and slots without CLI.
· Proposed Scheme for gNB-to-gNB co-channel CLI handling
· Source 5-1 (Nokia, NSB): 
· UE Tx power optimization to improve the UL SINR condition on the victim gNBs
· Source 5-2 (Qualcomm): 
· Different UL power control parameters for slots of DG-PUSCH with CLI and slots without CLI. 
· Specification Impact of the proposed scheme
· Source 5-1 (Nokia, NSB): 
· Indication of specific open loop power control parameters is supported since URLLC studies for dynamic grant scheduling. 
· Other UL signals do not support such flexibility and specifications changes can be discussed
· Source 5-2 (Qualcomm): 
· Different UL power control mechanisms (both closed-loop and open-loop) for slots with CLI and without CLI.
· No specification impacts

gNB-to-gNB co-channel CLI handling
In this section, all of the potential enhancements discussed so far regarding gNB-to-gNB co-channel CLI handling, are summarized in terms of reference scheme for comparison, proposed scheme, analysis and specification impact of the proposed scheme.

gNB-to-gNB co-channel CLI measurement
Following agreements were made for gNB-to-gNB co-channel CLI measurement throughout meetings [2] – [8].
	RAN1#110 meeting [3]
Agreement
Study the feasibility and potential benefits of gNB-to-gNB co-channel CLI measurement for gNB-to-gNB CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Measurement resource configuration
· Measurement details
· Relevant information exchange
· Usage of measurement

	RAN1#110-bis-e meeting [4]
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

	RAN1#111 meeting [5]
Agreement
For gNB-to-gNB co-channel CLI measurement and/or channel measurement, at least periodic NZP CSI-RS/SSB is the baseline in RAN1 study.
· FFS: Whether SSB is CD-SSB or NCD-SSB
In the study RAN1 assumes that exchange of configuration for NZP CSI-RS /SSB can be an enabler for gNB-to-gNB CLI measurement and/or channel measurement. 
Agreement
For gNB-to-gNB co-channel CLI handling, beam level (i.e., based on measurement result per SSB resource and/or per CSI-RS resource) CLI measurement can be considered for study.

	RAN1#112 meeting [6]
Agreement
For the study of gNB-to-gNB co-channel interference measurement, it is assumed that both CD-SSB and NCD-SSB can be used for gNB-to-gNB CLI measurement.

	RAN1#112b-e meeting [7]
Agreement
For the gNB-gNB co-channel CLI measurement, both RSRP and RSSI can be used as measurement metric for evaluation purposes only.
Agreement
For gNB-gNB co-channel CLI measurement and channel measurement, study the impact on system performance because of CLI measurement inaccuracy at victim gNB due to misalignment between UL timing at victim gNB and DL reception timing at victim gNB of CLI measurement resource transmitted from one or more aggressor gNB.
· Including potential impact on UL performance
Agreement
For enhancement of gNB-to-gNB co-channel CLI measurement and/or channel measurement, following options are studied for UL resource muting. 
· 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)

	RAN1#113 meeting [8]
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 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



From the agreements, inter-gNB co-channel CLI measurement is branched in three; (N)CD-SSB based, NZP CSI-RS based and UL resource muting based. Each of which is discussed separately. Starting with the (N)CD-SSB based inter-gNB CLI measurement, it should be noted that it is our understanding that the consequences of adjusting CD-SSB configuration and NCD-SSB configuration would be same although agreements we have describes CD-SSB and NCD-SSB separately. From TS 38.331, following is described in nonCellDefiningSSB in BWP-DownlinkDedicated field; The NCD-SSB has the same values for the properties (e.g., ssb-PositionsInBurst, PCI, ssb-periodicity, ssb-PBCH-BlockPower) of the corresponding CD-SSB apart from the values of the properties configured in the NonCellDefiningSSB-r17 IE. Which means, only difference between NCD-SSB and CD-SSD is frequency resources to be configured and only CD-SSB can be used for initial access and cell search, however time domain configuration of NCD-SSB should be identical to the CD-SSB. As a result, configuration of NCD-SSB and CD-SSB relies on each other. Therefore, it is not necessary to distinguish between them.
From the study and discussion so far, inter-gNB co-channel CLI measurement based on (N)CD-SSB, following is observed. It is assumed that aggressor gNB transmits (N)CD-SSB while victim gNB receives it during the transmission time. The measurement at victim gNB side can be done by implementation, so there is no need to discuss how to measure it. However, since we are not assuming full duplex operation of gNB, it is noted that gNBs, which measure gNB-to-gNB co-channel CLI using (N)CD-SSBs from neighbor cells, require muting/skipping some of the (N)CD-SSBs if the time/frequency resource of (N)CD-SSBs for the gNBs is overlapping which can induce performance degradation of initial access/ cell search/ RRM measurement. To coordinate the transmission of (N)CD-SSB among neighbouring gNBs, centralized scheduler can be adopted or handshake agreement among gNBs are required. It is noted that only coarse tracking of inter-gNB CLI measurement is expected for (N)CD-SSB based measurement.
Proposal 3. Adopt following text proposal for (N)CD-SSB based inter-gNB CLI measurement.
· Reference scheme for comparison
· Inter-gNB CLI measurement based on implementation (i.e., based on existing reference signals, without coordination)
· Proposed scheme
· (N)CD-SSB transmission among neighbouring gNBs are coordinated, i.e., single gNB transmits (N)CD-SSB and other neighbouring gNBs receive it.
· Analysis
· gNBs, which measure gNB-to-gNB co-channel CLI using (N)CD-SSBs from neighbor cells, require muting/skipping some of the (N)CD-SSBs if the time/frequency resource of (N)CD-SSBs for the gNBs is overlapping.
· Coarse tracking of inter-gNB CLI levels is enabled.
· Performance of initial access / cell search / RRM measurement can be degraded.
· Specification impact of the proposed scheme
· If centralized scheduler is assumed among neighbouring gNBs, no specification impacts 
· If centralized scheduler is not assumed among neighbouring gNBs, signalling enhancement between gNBs to support the handshake agreement between neighbouring gNBs for (N)CD-SSB configuration

On the other hand, inter-gNB co-channel CLI measurement based on NZP CSI-RS, following is observed. Compared to the (N)CD-SSB case, beam-based co-channel CLI measurement can be enabled due to the narrow beam-width of NZP CSI-RS. Thanks to that, inter-gNB CLI levels can be estimated and spatial domain coordination (e.g., beam tilting, beam avoidance and beam nulling which can be realized by gNB implementation) can be supported. Similar to the (N)CD-SSB case, if centralized scheduler is assumed, no specification impact is expected and if not, handshaking procedure may be required. Different from the (N)CD-SSB case, full coordination may not be needed since the impact of not aligning transmission/reception between gNBs is not critical. With that, neighbouring gNBs signal exchange of intended NZP CSI-RS resources can be used.
Proposal 4. Adopt following text proposal for NZP CSI-RS based inter-gNB CLI measurement.
· Reference scheme for comparison
· Inter-gNB CLI measurement based on implementation (i.e., based on existing reference signals, without coordination)
· Proposed scheme
· The time when neighbouring gNB transmits NZP CSI-RS, gNB measures inter-gNB CLI based on transmitted NZP CSI-RS.
· Analysis
· The inter-gNB channel can be estimated and it can be used to helps Tx/Rx gNBs perform beamforming to reduce or avoid inter-gNB CLI.
· The inter-gNB CLI levels can be estimated.
· Specification impact of the proposed scheme
· If centralized scheduler is assumed among neighbouring gNBs, no specification impacts
· If centralized scheduler is not assumed among neighbouring gNBs and full coordination is assumed, signalling enhancement to support the handshake agreement between neighbouring gNBs for NZP CSI-RS resource configuration
· If centralized scheduler is not assumed among neighbouring gNBs and full coordination is not assumed, signalling enhancement to support information exchange of intended NZP CSI-RS resource configuration.

Last one is inter-gNB co-channel CLI measurement based on UL resource muting. Since similar discussion is given in section 2.1, remained aspects are dealt. It can be assumed that more accurate inter-gNB CLI levels/channel/interference covariance matrix is measured. To enable accurate inter-gNB CLI measurement between aggressor gNB and victim gNB by UL resource muting of the victim gNB, followings should be assumed; transmission timing of aggressor gNB and reception timing of victim gNB is aligned, all of the serving UEs from victim gNB are muted, transmission of gNB(s) other that the aggressor gNB is not done. It should be noted that those aspects are not essential for channel estimation but can be considered as enhancing accurate channel estimation. On the other hand, uplink performance of victim gNB is inevitably degraded due to the loss of transmit chance of UL. For non-transparent muting, although there is uplink cancelation indication introduced in URLLC has the similar functionality for uplink resource muting, the expected specification impact would be UL muting pattern and indication of it if specific muting pattern is required for inter-gNB co-channel CLI measurement.
Proposal 5. Adopt following text proposal for UL resource muting for inter-gNB CLI handling.
· Reference scheme for comparison
· The inter-gNB CLI measurement without UL resource muting of victim gNB
· Proposed scheme
· The inter-gNB CLI measurement with UL resource muting of victim gNB
· Analysis
· The inter-gNB CLI levels/channel/interference covariance matrix can be measured with less interference from UL. 
· UL performance loss in victim gNB is expected due to muted resources.
· Specification impact of the proposed scheme
· For transparent UL muting, no specification impacts
· For non-transparent UL muting, muting pattern and muting indication if specified.

Coordinated scheduling for time/frequency resources between gNBs
Following agreements were made for coordinated scheduling for time/frequency resources between gNBs throughout meetings [2] – [8].
	RAN1#110 meeting [3].
Agreement
Study the feasibility and potential benefits of coordinated scheduling for time/frequency resources between gNBs 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, the study at least includes:
· Details of coordinated scheduling for time/frequency resources 
· Relevant information exchange

	RAN1#112 meeting [6]
Agreement
Study the benefit of knowledge among gNBs of configurations such as
· SBFD time/frequency configuration

	RAN1#113 meeting [8]
Agreement(#113)
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



For the coordinated scheduling for time/frequency resources between gNBs, what have been discussed for the agreements so far is exchange of SBFD time/frequency configuration. The reference scheme for comparison would be conventional information exchange among gNBs, which is the intended UL DL configuration shared among gNBs. Based on the shared time/frequency information used or expected to be used between gNBs, i.e., SBFD/TDD configuration information, the pair of aggressor and victim gNBs and the probability of gNB-to-gNB co-channel CLI occurrence can be determined. Moreover, some of the gNBs in the network are capable of switching between SBFD and TDD operation based on the shared time/frequency information used or expected to be used by other gNBs or even switching between uplink and downlink for CLI avoidance.
Proposal 6. Adopt following text proposal for coordinated scheduling for time/frequency resources between gNBs for inter-gNB CLI handling.
· Reference scheme for comparison
· Intended TDD UL DL configuration is shared among gNBs
· Proposed scheme
· Semi-static and dynamic SBFD time/frequency configuration is shared among gNBs
· Analysis
· The pair of aggressor and victim gNBs and the probability of gNB-to-gNB co-channel CLI occurrence can be determined
· Specification impact of the proposed scheme
· Information exchange enhancement to support sharing intended SBFD configuration and/or time/frequency configuration between gNBs

Spatial domain coordination method
Following agreements were made for spatial domain coordination method for gNB-to-gNB CLI handling throughout meetings [2] – [8].
	RAN1#110 meeting [3]
Agreement
Study the feasibility and potential benefits of spatial domain coordination method 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, the study at least includes:
· Details for spatial domain coordination 
· Relevant information exchange
Note1: Study can include method for FR1 and FR2

	RAN1#110-bis-e meeting [4]
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. 

	RAN1#111 meeting [5]
Agreement
For spatial domain coordination, the exchange of beam related information among gNB(s) (e.g., victim gNB(s) and aggressor gNB(s)) can be an enabler for inter-gNB co-channel CLI management.
· For example 1 (from aggressor gNB to victim gNB), DL beam indication from aggressor gNB(s)
· For example 2 (from victim gNB to aggressor gNB), preferred/restricted DL beam and associated resource configuration, beam based inter-gNB co-channel CLI measurement result from victim gNB
· FFS: how to define DL beam indication
· FFS: how to define DL beam
Note: The above examples are only provided as starting point for further discussions

	RAN1#112 meeting [6]
Agreement
For spatial domain enhancement of gNB-to-gNB co-channel CLI handling, DL Tx beam information of the gNB can be exchanged between gNBs. Reference signal resource ID (e.g., NZP-CSI-RS resource ID, SSB index) can be used as beam information exchange between gNBs.

Agreement
For spatial domain enhancement of gNB-to-gNB CLI handling, study the benefit and the procedure of the information exchange of at least the preferred/non-preferred DL beams of the aggressor gNBs, based on the beam information exchanged between gNBs



[bookmark: _GoBack]For the spatial domain coordination, discussion so far is focused on CLI avoidance and suppression based on beam based inter-gNB CLI measurement or information exchange between gNBs regarding on spatial domain configuration. Since beamforming of gNB is up to implementation, information exchange of gNBs should be considered. Hence similar functionality is supported in the Rel-17 eIAB in terms of preferred/non-preferred beam indication based on reference signal ID. It should be noted that the preferred/non-preferred beam indication in Rel-17 eIAB is signalling between parent IAB and child IAB, but such relationship between gNBs cannot be assumed. Following that, specification impact for different level of coordination between gNBs are described. If full coordination is not assumed, only intended DL Tx beam information can be exchanged between gNBs and if it is assumed, handshake agreement between gNBs are required based on the measurement and identification of aggressor gNB.
Proposal 7. Adopt following text proposal for the spatial domain coordination method.
· Reference scheme for comparison
· Spatial domain configuration is not shared among gNBs
· Proposed scheme
· Intended downlink beam information is shared among gNBs
· Analysis
· Inter-gNB CLI can be avoided or reduced when CLI dominant beam of aggressor gNB in victim gNB’s point of view is not used.
· Specification impact of the proposed scheme
· If centralized scheduler is assumed among neighbouring gNBs, no specification impacts.
· If centralized scheduler is not assumed among neighbouring gNBs and if full coordination is not assumed, signalling enhancement between gNBs to support sharing preferred/non-preferred DL Tx beam information in terms of reference signal ID (e.g., NZP CSI-RS resource ID, SSB index) between gNBs
· If centralized scheduler is not assumed among neighbouring gNBs and if full coordination is assumed, signalling enhancement between gNBs to support the handshake agreement between victim and aggressor gNB for the DL transmit beam determination.
· Step 0: Measurements and identification of aggressor(s)
· Step 1: indication of DL Tx beam change request by the victim gNB.
· Step 2: confirmation by the aggressor gNBs on whether it can accept the new DL Tx beam conditions.

UE and gNB transmission and reception timing
Following agreements were made for UE and gNB transmission and reception timing throughout meetings [2] – [8].
	RAN1#112b-e meeting [7]
Agreement
For gNB-gNB co-channel CLI measurement and channel measurement, study the impact on system performance because of CLI measurement inaccuracy at victim gNB due to misalignment between UL timing at victim gNB and DL reception timing at victim gNB of CLI measurement resource transmitted from one or more aggressor gNB.
· Including potential impact on UL performance



Although there has not been made as agreements, fruitful discussion was done during the throughout meetings. In addition to being a separate topic, timing misalignment also affects the inter-gNB co-channel CLI measurements mentioned earlier. For example, in the case of uplink resource muting, the required resource varies depending on the timing misalignment between the aggressor gNB and the victim gNB, which can also affect the measurement quality. To solve this problem, there are two ways to adjustment; the reception timing of the victim gNB is aligned to the aggressor gNB, or the aggressor gNB transmits according to the victim gNB's reception timing. In the latter case, there is no specification impact because it is based on the implementation of the aggressor gNB, and in the former case, a separate UL transmit timing indication is required to the UEs in the victim cell due to the change of reception timing in the time duration measured by the victim gNB.
Proposal 8. Adopt following text proposal for UE and gNB transmission and reception timing for inter-gNB CLI handling.
· Reference scheme for comparison
· Uplink reception timing from serving UE and downlink reception timing of CLI measurement resource transmitted from aggressor gNB at victim gNB is not aligned.
· Proposed scheme
· When the victim gNB receives uplinks from serving UEs at the time it receives CLI measurement resources from the aggressor gNB, it aligns the timing of receiving uplinks from those UEs with the time it receives CLI measurement resources.
· Analysis
· Inter-gNB CLI measurement can be enabled even when the timing difference between UL timing at victim gNB and DL reception timing at victim gNB of CLI measurement resource transmitted from aggressor gNB exceeds CP duration.
· Specification impact of the proposed scheme
· Two different UL transmit timing of UEs served by victim gNB according to CLI measurement at victim gNB.

Power control-based solution
Following agreements were made for power control based solution throughout meetings [2] – [8]. 
	RAN1#112b-e meeting [7]
Agreement
Study the effect on DL performance and the UL performance of DL Tx power adjustment to evaluate the feasibility of such scheme to overcome the gNB-to-gNB co-channel CLI.

Agreement
Study the effect on DL/UL performance and specification impact of applying separate open-loop/closed-loop power control parameters with cochannel CLI and without cochannel CLI for the uplink power control of a UE 



Power control-based solutions were also discussed, but there was not much agreements we have so far. However, based on the companies' evaluation results and discussions, there are two approaches. The first is for the aggressor gNB to reduce the downlink power, and the second is for the UE served by the victim cell to increase the uplink power. Each of them is discussed.
The first method is to perform downlink power reduction of the aggressor gNB based on the occurrence of CLI. This is intuitive for inter-gNB CLI reduction, but has the disadvantage that cell coverage changes. In addition, as the downlink power changes, the serving UE needs to perform CSI reporting that takes this into account. Overall, a similar approach was discussed in Rel-17 eIAB and power control on request between parent and child IABs was agreed. As discussed earlier, the specification impact depends on the presence or absence of a centralized scheduler. The difference is that power control is based on CLI occurrences, so signalling between aggressor and victim is required if centralized scheduler is hard to be assumed.
Proposal 9. Adopt following text proposal for downlink power control-based solution for inter-gNB CLI handling.
· Reference scheme for comparison
· The same downlink transmit power applies when the inter-gNB CLI is present and when it is not.
· Proposed scheme
· The downlink transmit power at aggressor gNB is reduced when the inter-gNB CLI is present compared to when the inter-gNB CLI is not present
· Analysis
· The inter-gNB CLI at victim gNB can be reduced.
· The coverage of aggressor gNB varies.
· Specification impact of the proposed scheme
· CSI reporting of the UEs served by aggressor gNB
· If centralized scheduler is assumed among neighbouring gNBs, no specification impacts.
· If centralized scheduler is not assumed among neighbouring gNBs, signalling enhancement between gNBs to support the handshake agreement between victim and aggressor gNB for the DL transmit power control.
· Step 0: Measurements and identification of aggressor(s)
· Step 1: indication of DL Tx power change request by the victim gNB.
· Step 2: confirmation by the aggressor gNBs on whether it can accept the new DL Tx power conditions.

For the second method, similar discussion was made in section 2.2, remained topics are dealt. For the different closed-loop power control for PUSCH, PUCCH and SRS, two different power control adjustment state can be configured by current specification by following parameters; twoPUSCH-PC-AdjustmentStates, twoPUCCH-PC-AdjustmentStates, and srs-PowerControlAdjustmentStates. Therefore there is no specification impact for different closed-loop power control, and open loop power control parameters are also configurable except CG-PUSCH and PUSCH for MSG3.
Proposal 10. Adopt following text proposal for uplink power control-based solution for inter-gNB CLI handling.
· Reference scheme for comparison
· Same open-loop/closed-loop UL power control parameters for UL transmission with CLI and slots without CLI.
· Proposed scheme
· Different open-loop/closed-loop UL power control parameters for UL transmission with CLI and slots without CLI.
· Analysis
· The victim gNB have chance to overcome the inter-gNB CLI by UL power boosting
· Specification impact of the proposed scheme
· No specification impacts for separate closed-loop power control
· No specification impacts on DG-PUSCH
· For CG-PUSCH and MSG3 PUSCH, separate open-loop power control parameter

UE-to-UE co-channel CLI handling
In this section, all of the potential enhancements discussed so far regarding UE-to-UE co-channel CLI handling, are summarized in terms of reference scheme for comparison, proposed scheme, analysis and specification impact of the proposed scheme. For the coordinated scheduling for time/frequency resources between gNBs, UE and gNB transmission and reception timing and spatial domain coordination methods, same approach for inter-gNB co-channel CLI handling can be adopted and there were not much discussion distinguishing schemes dedicated for inter-UE co-channel CLI handling, same approach can be used so discussion regarding them are omitted.

UE-to-UE co-channel CLI measurement and reporting
[bookmark: _Ref131778940]Following agreements were made for potential enhancements to UE-to-UE CLI measurement/reporting throughout meetings [2] – [8].
	RAN1#110 meeting [3]
Agreement
Study the feasibility and potential benefit of UE-to-UE co-channel CLI measurement and reporting, which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Measurement resource/reporting configuration
· Measurement/reporting details (including UE processing delay)
· Relevant information exchange (between gNBs) if needed
· Usage of measurement at gNB

	RAN1#110-bis-e meeting [4]
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)

	RAN1#111 meeting [5]
Agreement
For the purpose of UE-to-UE CLI mitigation, consider the following potential enhancements:
· For L1/L2 UE-to-UE CLI reporting, periodic, semi-persistent, aperiodic or event triggered reporting.
· For L1/L2 UE-to-UE CLI measurement, periodic, semi-persistent, or aperiodic measurement resource.
Companies are encouraged to bring additional details and evaluation results to determine the benefit of the above potential enhancements.

	RAN1#112 meeting [6]
Agreement
For L1/L2 based UE-to-UE CLI measurement, SRS-RSRP and CLI-RSSI are to be further studied as baseline metrics.
Agreement
For the study of L1/L2 based UE-to-UE co-channel CLI measurement, measurement resource for CLI-RSSI measurement as defined in Rel-16 and SRS resource for SRS-RSRP measurement as defined in Rel-16 can be considered. Enhancement of measurement resource can be studied.  
Agreement
For L1/L2 based UE-to-UE co-channel CLI measurement and reporting mechanism, study the following measurement and report framework.
· Use existing CSI framework as the baseline.
· Others are not precluded.

	RAN1#113 meeting [8]
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.



For the L1/L2 based inter-UE co-channel CLI measurement and report, there were intense discussion throughout the meetings. Although understanding of what would be the using existing CSI framework is not aligned among companies, the advantage of it is clear; network can be aware of the short-term characteristics of CLI and CLI acquisition in timely manner. Thanks to those, all of the gNB and/or UE implementation for CLI avoidance/suppression can be supported based on it. 
Proposal 11. Adopt following text proposal for L1/L2 based inter-UE co-channel CLI measurement and report
· Reference scheme for comparison
· L3 based CLI measurement and report
· Proposed scheme
· L1/L2 based CLI measurement and report
· Analysis
· The gNB obtains CLI information in a timely manner, enabling the following settings with and without CLI 
· UL transmit power control based on inter-UE CLI presence and/or level of CLI
· Uplink spatial domain configuration based on inter-UE CLI presence and/or level of CLI
· Specification impact of the proposed scheme
· Periodic, semi-persistent, aperiodic measurement resource configuration.
· Periodic, semi-persistent, aperiodic or event triggered reporting reusing CSI framework

The detailed framework and configuration details will be covered in the normative phase, but in order to align our understanding of L1/L2 based CLI measurement and report based on the existing CSI framework among companies, our understanding regarding it is described in detail in this section. 

Measurement procedure in terms of reusing CSI framework
It was agreed in RAN1#112 meeting that using existing CSI framework as the baseline is L1/L2 CLI measurement and report. The common understanding of “existing CSI framework” is required in this regard. Although it is one of the most complicated framework, it can be briefly summarized.
The procedures of CSI reporting is that the CSI reporting is triggered by DCI, by applying the RRC pre-configured parameter. The time and frequency resources that can be used by the UE to report CSI are controlled by the gNB. Multiple CSI-ReportConfig Reporting Settings and multiple CSI-ResourceConfig Resource Settings, and one or two list(s) of trigger states is configured to UE by RRC. Each trigger state contains a list of associated CSI-ReportConfigs indicating the Resource Set IDs for channel and optionally for interference. Each trigger state contains one associated CSI-ReportConfig. It should be noted that the CSI reporting configuration plays a role in linking the measurement resource, reporting configuration, and reporting resource. That is, CSI reporting configuration contains resource (CSI-RS, CSI-IM and/or SSB) for channel measurement (and interference measurement), report quantity (RI, PMI, CQI, etc.), CSI encoding (subband/wideband), information required for transmission of measurement report, etc. In addition, CSI reporting configuration types have the following constraints. Periodic CSI reporting is reported on PUCCH, semi-persistent CSI reporting is reported on PUCCH when activated/deactivated by MAC-CE, and on SPS PUSCH when activated/deactivated by DCI. Aperiodic CSI reporting is triggered by DCI and transmitted on PUSCH.
When applying L1/L2 CLI measurement and report to the CSI framework, two aspects need to be considered: the measurement resource configuration aspect and the report configuration aspect. When considering the measurement resource configuration aspect, it seems possible to have separate configurations for CSI measurement resources and CLI measurement resources. However, there are significant differences between them. From the perspective of measurement resource configuration, it is possible to have separate configurations for CSI and CLI measurements, but there are significant differences between them. The CSI measurement resource is a BWP-specific parameter set in the DL BWP, and the UE only performs measurements within the active DL BWP. On the other hand, the CLI configuration is not a BWP-specific parameter and is not limited to measurements within the active DL BWP. Therefore, if the CLI configuration is reused in the CSI framework, some adjustments may be necessary to align them.
Next, we discuss the aspect of report configuration. As there is no existing L1/L2 CLI report configuration, it is possible to create a new report configuration, which leads to two possible interpretations. Firstly, there could be a way to add a configuration for L1/L2 CLI report to the existing CSI reporting configuration, and secondly, it could be possible to mimic the CSI reporting configuration to set up a new configuration for CLI report. The first method has the disadvantage of using a limited CSI Reporting configuration ID for CLI measurement, which may lead to resource exhaustion for CSI reporting. However, if the purpose is to combine CSI and CLI measurement in one report, this approach may be appropriate. On the other hand, the second approach would be to create a new CLI report configuration that mimics the CSI reporting configuration without consuming CSI reporting configuration resources. However, this approach still consumes UE measurement and/or report capabilities, and since separate configurations exist for CSI and CLI, conflicts could arise in the UE's measurement and/or report settings, requiring additional handling. In such case, it is important to note that CSI reports should take precedence over CLI reports in terms of report importance.
More importantly whether L1/L2 CLI measurement should be interpreted as a channel measurement or interference measurement, or even both should be considered. In this regard, since CSI framework has two functionality that channel measurement report and interference measurement report, our view based on it is provided.

L1/L2 CLI measurement as channel measurement in terms of CSI framework
The channel measurement in CSI framework is targeting to receive other signals transmitted from the same transmitter. To achieve this goal, channel measurements are performed by transmitting a reference signal from the transmitter and estimating the channel quality and/or coefficients at the receiver using a given sequence (or even using a codebook). Based on these measurements, the receiver can estimate the subsequent transmitted signal. If we apply this concept to CLI, treating CLI measurement as channel measurement means that the victim UE performs channel measurement based on the reference signal transmitted by the aggressor UE, and the victim UE aims to receive the subsequent transmission signal (e.g., PUSCH, PUCCH) based on the channel measurement results. To perform channel measurement, it is necessary to use RSRP based on the SRS resource, not RSSI measurement based on the CLI resource. Additionally, the victim UE should be able to distinguish between each aggressor UEs, and the beam being measured should be directed towards the beam that each aggressor UE is targeting, in order to perform more accurate measurement. In this regard, using a beam that points to the gNB serving the aggressor UE, as mentioned earlier, could be considered, as using a beam that directly points to the aggressor UE is practically difficult. Therefore, using a beam that points to adjacent cells mentioned in section 2.1 can be considered in terms of channel measurement. Furthermore, the victim UE needs to differentiate and perform measurement for each aggressor UE. The only way for the victim UE to use the signal transmitted by the estimated aggressor is through interference cancellation at the receiver. In summary, channel measurement for L1/L2 CLI measurement is considered to be based on the assumption that victim UE is capable of advanced receiver. 
In terms of channel measurement for L1/L2 CLI measurement, the necessary information and actions required by the network are as follows. First, the gNB needs to aware of the pair information between the aggressor UE and the victim UE in advance. Then, the gNB needs to indicate the victim UE to perform CLI measurement and indicate the aggressor UE to transmit SRS in the time resource specified for CLI measurement in victim UE’s perspective. 
The coordination for inter-cell UE can be challenging for the following reasons. Firstly, it requires close coordination between gNBs. Secondly, in the case of inter-cell UE interference, both aggressor and victim UEs are likely to be cell-edge UEs, so the time difference between the victim UE's DL reception timing and the aggressor UE's UL transmission timing is likely to be significant due to the aggressor UE's uplink timing advance. To interpret L1/L2 CLI as channel measurement, it is necessary to consider the issues discussed above.

L1/L2 CLI measurement as interference measurement in terms of CSI framework
It is considered the case of interference measurement within the CSI reporting framework. The resources that can be configured for interference measurement are NZP CSI-RS and CSI-IM, where NZP CSI-RS is intended for intra-cell interference measurement, and CSI-IM is mainly for inter-cell interference measurement. The resources for interference measurement are all related to the resources for channel measurement and have a QCL relationship. (The UE may assume that the two CSI-RS resources for channel measurement in a Resource Pair and the associated CSI-IM resource for interference measurement are resource-wise QCLed with respect to 'typeD'.) First of all, using NZP CSI-RS for interference measurement involves performing residual interference measurement, where term residual stems from the fact that interference measurement is obtained after subtracting the desired signal from the overall received signal. On the other hand, using CSI-IM for interference measurement directly measures the interference power from the indicated resource elements (REs), which is the same as in LTE.
Based on the previous discussion, considering the reuse of CSI reporting framework for L1/L2 CLI measurement, it would be more appropriate to measure interference directly instead of residual interference measurement. When the residual interference measurement method is considered for L1/L2 CLI, it cannot be measured only but it can be measured during the CSI measurement which is undesirable. To enable direct interference measurement, configuration of an SRS resource or CLI resource instead of using the resources for CSI measurement and reusing reporting configuration of CSI report can be considered. Since it is direct measurement of interference, both of RSRP and RSSI can be considered following conventional CLI measurement metric.
The main difference between this method and channel measurement is that it does not aim to receive signals from the aggressor in the future. Instead, the purpose of it is to estimate the presence or level of interference in the channel through which the victim UE receives the desired signal from the serving cell. Based on this approach, the victim UE should measure the RSRP or RSSI from the measurement resource based on the beam used for downlink reception (the TCI state ID that is already set for the NZP CSI-RS) instead of the beam towards the aggressor UE. Since the measurement is based on interference instead of channel, the interference level may vary even if the aggressor UE is not always transmitting on the victim UE's allocated resources, but it does not significantly affect the quality of the measurement. In that sense, even for inter-cell UE interference, tight coordination between gNBs may not be necessary.
Observation 1. When UE-to-UE L1/L2 CLI measurement is considered as channel measurement,
· The aggressor UE should be indicated to transmit reference signal when victim UE is indicated for L1/L2 CLI measurement.
· The victim UE with advanced receiver (e.g., IRC) and capable of distinguishing aggressor UEs is assumed.
When UE-to-UE L1/L2 CLI measurement is considered as interference measurement,
· Victim UE applies beam used for desired signal from gNB when L1/L2 CLI measurement is indicated.

Measurement metric
The motivation to introduce a new measurement beyond RSRP and RSSI, the measurement metrics used for L3 measurement, is unclear and existing metrics should be sufficient. We will discuss the characteristics of RSRP and RSSI in terms of CLI measurement. RSRP can identify the aggressor UE because there is a sequence mapped to the measurement resource, but it can only determine the aggressor that transmits the SRS set in the victim UE. RSSI, on the other hand, is based on a measurement resource without a sequence, so it cannot identify the aggressor UE or even determine whether the interference is caused by the UE-to-UE CLI or another gNB transmission. However, if there is frequent coordination between gNBs, if the victim UE performs CLI measurement with RSSI as a metric and the interference level is high, it can perform actions such as judging UEs transmitting at that timing as potential aggressors.
Observation 2. For measurement metric of L1/L2 UE-to-UE co-channel CLI measurement, 
· RSRP can be used to identify aggressor UE(s) but only for the aggressor UEs using configured SRS resources
· RSSI cannot be used to identify aggressor UE(s) but can be used to determine whether the victim UE is suffering from interference or not

L1/L2 based UE-to-UE CLI measurements are intended to estimate short-term CLI, and thus they may be more vulnerable to environmental changes than L3 measurements. To suppress this effect, configuration or indication of additional information for L1/L2 based CLI measurements can be considered especially for spatial domain and timing information. Each of which is discussed in section 3.3 and section 3.4, respectively.

CLI reporting
Another important aspect of L1/L2 UE-to-UE CLI is the triggering method. If we follow the same methodology for L3 measurements, two types can be considered: gNB indicated report and event-triggered report. Similar discussions can be found for L1 measurement report for Rel-18 L1/L2 mobility. The result of this discussion is that for gNB scheduled L1 measurement report for Rel-18 L1/L2-triggered mobility, report as UCI (semi-persistent report on PUSCH, and aperiodic report on PUSCH) is supported and periodic and semi-persistent PUCCH is remained to be FFS. For event-triggered reports, discussions are ongoing, considering factors such as the definition of events in L1. Based on them, gNB indicated report, event triggered report is discussed.

gNB indicated reporting for L1/L2 CLI measurement 
For gNB indicated reports, it would be natural to report the L1/L2 CLI report contents as a UCI to reuse the existing reporting mechanism. To reduce spec impact and considering report on both PUCCH and PUSCH, treating the UCI for L1/L2 CLI reports content as the UCI for CSI would be one option. Alternatively, to minimize the spec impact, a new type of UCI that reports only on PUSCH could be considered. That is, a new type of UCI could be sent on PUSCH with a payload that is added to or combined with the payload of the existing UCI, or a bit for CLI reports on PUSCH could be punctured to report.
On top of that, it was agreed in RAN1#112 meeting that using existing CSI framework as the baseline is L1/L2 CLI measurement and report. The details regarding using existing CSI framework is discussed in following section. Besides that, how the bits for CLI reporting contents is going to be treated should be discussed. To enable L1/L2 report, it would be natural that CLI report is delivered via UCI. The existing types of UCIs are SR, HARQ-ACK, CSI part 1 and CSI part 2. In terms of “using existing CSI framework”, UCI for CSI part 1 and CSI part 2 can be considered. It should be noted that the UCI of CSI part 1 is transmitted by concatenating the generated bits, whether they are transmitted via PUSCH or PUCCH, according to the existing rule. On the other hand, CSI part 2 is subject to the omission rule, which means that some reports may be omitted. In terms of minimum spec impact and delivering CLI estimation in timely manner perspective view, UCI of CSI part 1 seems proper for L1/L2 CLI report. On the other hand, UCI of CSI part 2 can be considered to be proper for CLI report since CSI report is more important than the CLI measurement report. Another approach can be introducing new type of UCI for L1/L2 CLI report to be free from the aforementioned issues.
Proposal 12. For gNB indicated report, consider L1/L2 based UE-to-UE CLI measurement is reported via UCI (e.g., UCI for CSI part 1, UCI for CSI part 2, new type of UCI)
· This has the advantage of reusing the existing CSI reporting framework.

Event-triggered reporting for L1/L2 CLI measurement
The existing definition of an event for L3 measurement is a mechanism that reports when a configured threshold is exceeded. For L1/L2 CLI, it is necessary to define the event based on L1/L2 requirements. The definition of the L3 measurement event can be used as a basis, where the UE performs CLI monitoring for the configured resources, and an event can be defined as the received CLI exceeding a configured threshold. Two options can be considered in this case, based on whether the UE performs the report based on event occurrence. If an event occurs, the UE can perform CLI measurement report through PUSCH or PUCCH without scheduling. This method allows the gNB to easily monitor the UE's CLI environment within the cell, even without the gNB indicating the UE to report the CLI measurement.
Alternatively, we could consider separating event occurrence and reporting. If L1/L2 measurements are reported to the UCI, specific bits of the UCI can be reserved, and when an event occurs, the CLI measurement results can be inserted into the corresponding bit. If no event occurs, the bit can be left empty, and reporting can follow the gNB indicated report. In other words, the UE can hold the measurement results based on event occurrence until the gNB indicates the CLI measurement report to be sent. While this approach may make it difficult for the gNB to sequentially understand the UE's CLI environment, it can prevent frequent transmission by the UE without scheduling.
Observation 3. For reporting of L1/L2 CLI measurements, event-triggered reports have the following characteristics
· The definition of event is required.
· It has the advantage of reducing overhead by not requiring configuration for reporting.
· Depending on the design of the event-triggered report, it may have the effect of reserving UL resources.

Power control-based solution
Following agreements were for power control-based solution throughout meetings [2] – [8].
	RAN1#111 meeting [5]
Agreement
For UE-to-UE co-channel CLI handling, study whether/how to enhance UL power control mechanism.
· Existing UL power control mechanism is baseline



The power control-based solution discussed for inter-UE co-channel CLI handling is for the aggressor UE to reduce its transmit power. This is similar to the second discussion in section 3.5, but the direction is different, i.e., uplink power control in inter-gNB CLI is uplink power boosting to overcome the interference experienced by the victim gNB, while uplink power control in inter-UE CLI is uplink power reduction by the aggressor UE to reduce the interference experienced by the victim UE. However, since the specification impact and the functionality are the same, the uplink power control for inter-gNB CLI can be reused.
Observation 4. For the power control-based solution of inter-UE co-channel CLI measurement, uplink power control-based solution for inter-gNB CLI handling can be used.

Summary
In this contribution, we have discussed on potential enhancements on dynamic/flexible TDD. From the discussion, we obtained following proposals and an observation;

Proposal 1. Adopt following modification of previous working assumption.
Working Assumption
The following is agreed to be captured in the TR with possibility for revision in the RAN1#114.
Inter-gNB CLI handling scheme #x: UL Resource Muting-based scheme for measuring the gNB-to-gNB CLI interference covariance matrix
· Reference scheme for performance comparison
· Source x-1 (Huawei, HiSilicon): 
· UL resource muting is not applied and the gNB-to-gNB CLI interference covariance matrix is obtained based on UL DMRS.
· Source x-2 (Nokia, NSB): 
· E-LMMSE-IRC (Rel-14 NR Study Item phase. 3GPP TR 38.802, Section 10) without UL muting.
· Proposed Scheme for gNB-to-gNB co-channel CLI handling
· Source x-1 (Huawei, HiSilicon):
· The gNB-to-gNB CLI interference covariance matrix is obtained by muting some resources for the UL transmissions, based on a predefined pattern (in the evaluation, a comb-like muting pattern on one symbol for a PUSCH occasion is assumed) and the CLI can be suppressed by the MMSE-IRC receiver.
· Ideal channel estimation for UL PUSCH of victim gNB is assumed.
· Note: Other muting patterns are not precluded.
· Source x-2 (Nokia, NSB):
· E-LMMSE-IRC with UL muting (no resources colliding with aggressor gNBs resources used for interference estimation)
· Covariance matrix estimation based on assisted information exchange of the CLI aggressor characteristics over the Xn interface
· Specification Impact of the proposed scheme
· Source x-1 (Huawei, HiSilicon): 
· Non-transparent UL muting resource patterns (e.g. predefined) including its time and frequency location (e.g. symbol-level and/or RB-level and/or RE-level) with potential impact on PUSCH resource mapping
· No specification impacts
· Source x-2 (Nokia, NSB): 
· Signaling of assistance information for interference/channel estimation over Xn interface. Potential signaling of UL muting pattern.

Proposal 2. Adopt following modification of previous working assumption.
Working assumption
The following is agreed in principle to be captured in the TR with possibility for revision in the RAN1#114.
Inter-gNB CLI handling scheme #x: Power Control scheme based on UE Tx Power Adjustment
· Reference scheme for performance comparison
· Source 5-1 (Nokia, NSB): 
· Dynamic TDD baseline operation.
· Source 5-2 (Qualcomm): 
· Same UL power control parameters for slots of DG-PUSCH with CLI and slots without CLI.
· Proposed Scheme for gNB-to-gNB co-channel CLI handling
· Source 5-1 (Nokia, NSB): 
· UE Tx power optimization to improve the UL SINR condition on the victim gNBs
· Source 5-2 (Qualcomm): 
· Different UL power control parameters for slots of DG-PUSCH with CLI and slots without CLI. 
· Specification Impact of the proposed scheme
· Source 5-1 (Nokia, NSB): 
· Indication of specific open loop power control parameters is supported since URLLC studies for dynamic grant scheduling. 
· Other UL signals do not support such flexibility and specifications changes can be discussed
· Source 5-2 (Qualcomm): 
· Different UL power control mechanisms (both closed-loop and open-loop) for slots with CLI and without CLI.
· No specification impacts

Proposal 3. Adopt following text proposal for (N)CD-SSB based inter-gNB CLI measurement.
· Reference scheme for comparison
· Inter-gNB CLI measurement based on implementation (i.e., based on existing reference signals, without coordination)
· Proposed scheme
· (N)CD-SSB transmission among neighbouring gNBs are coordinated, i.e., single gNB transmits (N)CD-SSB and other neighbouring gNBs receive it.
· Analysis
· gNBs, which measure gNB-to-gNB co-channel CLI using (N)CD-SSBs from neighbor cells, require muting/skipping some of the (N)CD-SSBs if the time/frequency resource of (N)CD-SSBs for the gNBs is overlapping.
· Coarse tracking of inter-gNB CLI levels is enabled.
· Performance of initial access / cell search / RRM measurement can be degraded.
· Specification impact of the proposed scheme
· If centralized scheduler is assumed among neighbouring gNBs, no specification impacts 
· If centralized scheduler is not assumed among neighbouring gNBs, signalling enhancement between gNBs to support the handshake agreement between neighbouring gNBs for (N)CD-SSB configuration

Proposal 4. Adopt following text proposal for NZP CSI-RS based inter-gNB CLI measurement.
· Reference scheme for comparison
· Inter-gNB CLI measurement based on implementation (i.e., based on existing reference signals, without coordination)
· Proposed scheme
· The time when neighbouring gNB transmits NZP CSI-RS, gNB measures inter-gNB CLI based on transmitted NZP CSI-RS.
· Analysis
· The inter-gNB channel can be estimated and it can be used to helps Tx/Rx gNBs perform beamforming to reduce or avoid inter-gNB CLI.
· The inter-gNB CLI levels can be estimated.
· Specification impact of the proposed scheme
· If centralized scheduler is assumed among neighbouring gNBs, no specification impacts
· If centralized scheduler is not assumed among neighbouring gNBs and full coordination is assumed, signalling enhancement to support the handshake agreement between neighbouring gNBs for NZP CSI-RS resource configuration
· If centralized scheduler is not assumed among neighbouring gNBs and full coordination is not assumed, signalling enhancement to support information exchange of intended NZP CSI-RS resource configuration.

Proposal 5. Adopt following text proposal for UL resource muting for inter-gNB CLI handling.
· Reference scheme for comparison
· The inter-gNB CLI measurement without UL resource muting of victim gNB
· Proposed scheme
· The inter-gNB CLI measurement with UL resource muting of victim gNB
· Analysis
· The inter-gNB CLI levels/channel/interference covariance matrix can be measured with less interference from UL. 
· UL performance loss in victim gNB is expected due to muted resources.
· Specification impact of the proposed scheme
· For transparent UL muting, no specification impacts
· For non-transparent UL muting, muting pattern and muting indication if specified.

Proposal 6. Adopt following text proposal for coordinated scheduling for time/frequency resources between gNBs for inter-gNB CLI handling.
· Reference scheme for comparison
· Intended TDD UL DL configuration is shared among gNBs
· Proposed scheme
· Semi-static and dynamic SBFD time/frequency configuration is shared among gNBs
· Analysis
· The pair of aggressor and victim gNBs and the probability of gNB-to-gNB co-channel CLI occurrence can be determined
· Specification impact of the proposed scheme
· Information exchange enhancement to support sharing intended SBFD configuration and/or time/frequency configuration between gNBs

Proposal 7. Adopt following text proposal for the spatial domain coordination method.
· Reference scheme for comparison
· Spatial domain configuration is not shared among gNBs
· Proposed scheme
· Intended downlink beam information is shared among gNBs
· Analysis
· Inter-gNB CLI can be avoided or reduced when CLI dominant beam of aggressor gNB in victim gNB’s point of view is not used.
· Specification impact of the proposed scheme
· If centralized scheduler is assumed among neighbouring gNBs, no specification impacts.
· If centralized scheduler is not assumed among neighbouring gNBs and if full coordination is not assumed, signalling enhancement between gNBs to support sharing preferred/non-preferred DL Tx beam information in terms of reference signal ID (e.g., NZP CSI-RS resource ID, SSB index) between gNBs
· If centralized scheduler is not assumed among neighbouring gNBs and if full coordination is assumed, signalling enhancement between gNBs to support the handshake agreement between victim and aggressor gNB for the DL transmit beam determination.
· Step 0: Measurements and identification of aggressor(s)
· Step 1: indication of DL Tx beam change request by the victim gNB.
· Step 2: confirmation by the aggressor gNBs on whether it can accept the new DL Tx beam conditions.

Proposal 8. Adopt following text proposal for UE and gNB transmission and reception timing for inter-gNB CLI handling.
· Reference scheme for comparison
· Uplink reception timing from serving UE and downlink reception timing of CLI measurement resource transmitted from aggressor gNB at victim gNB is not aligned.
· Proposed scheme
· When the victim gNB receives uplinks from serving UEs at the time it receives CLI measurement resources from the aggressor gNB, it aligns the timing of receiving uplinks from those UEs with the time it receives CLI measurement resources.
· Analysis
· Inter-gNB CLI measurement can be enabled even when the timing difference between UL timing at victim gNB and DL reception timing at victim gNB of CLI measurement resource transmitted from aggressor gNB exceeds CP duration.
· Specification impact of the proposed scheme
· Two different UL transmit timing of UEs served by victim gNB according to CLI measurement at victim gNB.

Proposal 9. Adopt following text proposal for downlink power control-based solution for inter-gNB CLI handling.
· Reference scheme for comparison
· The same downlink transmit power applies when the inter-gNB CLI is present and when it is not.
· Proposed scheme
· The downlink transmit power at aggressor gNB is reduced when the inter-gNB CLI is present compared to when the inter-gNB CLI is not present
· Analysis
· The inter-gNB CLI at victim gNB can be reduced.
· The coverage of aggressor gNB varies.
· Specification impact of the proposed scheme
· CSI reporting of the UEs served by aggressor gNB
· If centralized scheduler is assumed among neighbouring gNBs, no specification impacts.
· If centralized scheduler is not assumed among neighbouring gNBs, signalling enhancement between gNBs to support the handshake agreement between victim and aggressor gNB for the DL transmit power control.
· Step 0: Measurements and identification of aggressor(s)
· Step 1: indication of DL Tx power change request by the victim gNB.
· Step 2: confirmation by the aggressor gNBs on whether it can accept the new DL Tx power conditions.

Proposal 10. Adopt following text proposal for uplink power control-based solution for inter-gNB CLI handling.
· Reference scheme for comparison
· Same open-loop/closed-loop UL power control parameters for UL transmission with CLI and slots without CLI.
· Proposed scheme
· Different open-loop/closed-loop UL power control parameters for UL transmission with CLI and slots without CLI.
· Analysis
· The victim gNB have chance to overcome the inter-gNB CLI by UL power boosting
· Specification impact of the proposed scheme
· No specification impacts for separate closed-loop power control
· No specification impacts on DG-PUSCH
· For CG-PUSCH and MSG3 PUSCH, separate open-loop power control parameter

Proposal 11. Adopt following text proposal for L1/L2 based inter-UE co-channel CLI measurement and report
· Reference scheme for comparison
· L3 based CLI measurement and report
· Proposed scheme
· L1/L2 based CLI measurement and report
· Analysis
· The gNB obtains CLI information in a timely manner, enabling the following settings with and without CLI 
· UL transmit power control based on inter-UE CLI presence and/or level of CLI
· Uplink spatial domain configuration based on inter-UE CLI presence and/or level of CLI
· Specification impact of the proposed scheme
· Periodic, semi-persistent, aperiodic measurement resource configuration.
· Periodic, semi-persistent, aperiodic or event triggered reporting reusing CSI framework

Observation 1. When UE-to-UE L1/L2 CLI measurement is considered as channel measurement,
· The aggressor UE should be indicated to transmit reference signal when victim UE is indicated for L1/L2 CLI measurement.
· The victim UE with advanced receiver (e.g., IRC) and capable of distinguishing aggressor UEs is assumed.
When UE-to-UE L1/L2 CLI measurement is considered as interference measurement,
· Victim UE applies beam used for desired signal from gNB when L1/L2 CLI measurement is indicated.

Observation 2. For measurement metric of L1/L2 UE-to-UE co-channel CLI measurement, 
· RSRP can be used to identify aggressor UE(s) but only for the aggressor UEs using configured SRS resources
· RSSI cannot be used to identify aggressor UE(s) but can be used to determine whether the victim UE is suffering from interference or not

Proposal 12. For gNB indicated report, consider L1/L2 based UE-to-UE CLI measurement is reported via UCI (e.g., UCI for CSI part 1, UCI for CSI part 2, new type of UCI)
· This has the advantage of reusing the existing CSI reporting framework.

Observation 3. For reporting of L1/L2 CLI measurements, event-triggered reports have the following characteristics
· The definition of event is required.
· It has the advantage of reducing overhead by not requiring configuration for reporting.
· Depending on the design of the event-triggered report, it may have the effect of reserving UL resources.

Observation 4. For the power control-based solution of inter-UE co-channel CLI measurement, uplink power control-based solution for inter-gNB CLI handling can be used.
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