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1. [bookmark: _GoBack]Introduction
In this document, we summarize the discussion aspect of UE-UE CLI measurements and Network Coordination Mechanism based on the submitted contributions in RAN1 NRAH1901. 

2. Summary of Issues on UE-UE CLI measurement and reporting at UE
2.1. Previous Agreements for CLI management
Summary of key issues:
During Rel-15 NR WI, a few agreements related to cross-link interference particularly related to UE-to-UE measurement were made as follows. 
	RAN1#88b
Agreements:
· For cross link interference mitigation, 
· Further consider UE-UE measurement and reporting, and TRP-TRP measurement
· Details FFS, including at least the RS for measurement, the metric for measurement (e.g., RSRP), long-term vs. short-term, etc., especially considering consistency with other NR topics
· Aim in RAN1#89 to come up with detailed option(s) including potential down-selecting from the list concluded from the SI
· Once the detailed option(s) is available, decide whether or to support this feature 
· For the case of TRP-TRP measurement, study whether or not there is additional RAN1 specification impact
· Further consider other aspects, e.g., power control, sensing, timing related handling, etc.
RAN1#89
Agreements:
· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering UE-to-UE interference 
· Details for the enablers, including:
· detailed configurations (RS time/frequency positions, periodicity, # of ports, bandwidth, etc.)
· detailed reporting 
· performance metrics
· long-term and/or short-term
· timing offset considerations
· overhead
· whether or not to identify the aggressor(s)
· whether or not to use the same framework as in MIMO (if so, how)
· Aim to make a decision whether or not to support CLI management using an existing RS covering UE-to-UE interference in the next RAN1 meeting and if so, the details
· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering TRP-to-TRP interference 

RAN1#AH#2
Agreements:
· For CLI management, support UE-to-UE interference measurement and reporting without the introduction of new RS(s)
Agreements:
· For UE-to-UE interference, support CLI measurement metrics which include at least one of
· RSRP for the purpose of CLI
· FFS the definition (e.g., based on SRS, DM-RS, etc.) and the corresponding reporting
· RSSI for the purpose of CLI
· FFS the definition (e.g., resources for the measurement) and the corresponding reporting
· For UE-to-UE interference, FFS additionally support CQI/CSI as the CLI measurement metrics and if so, its definition/reporting

RAN1#90
Agreements:
· UE-to-UE interference measurement and reporting can be configured to be ON or OFF semi-statically and UE-specifically
· Note: there may or may not be an explicit ON/OFF indicator; in the latter case, it can be implicitly derived by other parameters (if any)
Agreements:
· Definitions of metrics for CLI:
· SRS-RSRP:
· Linear average of the power contributions of the SRS to be measured over the configured resource elements within the considered measurement frequency bandwidth in the time resources in the configured measurement occasions
· RSSI:
· The linear average of the total received power observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over the configured resource elements for measurement by the UE
· For SRS-RSRP based UE-UE CLI measurement  
· At least SRS can be used for UE-UE CLI measurement
· The specification should provide a mechanism for the network to configure at least a same SRS sequence for one or more UEs transmitting SRS
· Note: This intends to support cell-level, UE-group-level, and UE-level interference differentiation 
· UE can be configured with one or more SRS resource(s) (including time-frequency resource(s), sequence(s), cyclic shift(s), periodicity, etc) to measure UE-UE CLI interference. 
· FFS details, e.g. configuration signaling, measurement triggering mechanism
· Every SRS resource has to be explicitly configured, i.e. there is no SRS blind acquisition by the UE required.
· FFS the maximum of SRS resources – aim to limit the number of resources to reduce complexity while considering performance aspect
· Mechanism to limit the UE complexity for UE-UE CLI measurement is supported
· FFS details, [e.g. by limiting the number of root sequence of SRS for UE-UE CLI measurement that a UE needs to detect within a certain amount of time, longer periodicity.]
· FFS whether there is spec impact. 
· FFS: The specification should provide a mechanism to avoid potential DL transmission interfering the SRS for UE-UE CLI measurement
· FFS exact details, [e.g. by rate matching the DL transmission around the SRS]
· FFS: Transmission timing advance of SRS for CLI measurement can be different from the transmission timing advance of its PUSCH, e.g D2D channel transmission timing 
· The UE is not required to perform time tracking or time adjustment relative to DL operation in order to perform RSRP measurement
· FFS whether or not to have measurement accuracy relaxation
· For RSSI based UE-UE CLI measurement  
· UE can be configured with a set of resource elements to measure UE-UE CLI interference.
· FFS details, e.g. the set of resource elements can be SRS or DM-RS resource, configuration signaling, measurement triggering mechanism
· FFS whether additional mechanism for SRS transmission is needed for RSSI based UE-UE CLI measurement
· FFS: The specification should provide a mechanism to avoid potential DL transmission in the RSSI measurement resource elements for UE-UE CLI measurement
· FFS exact details, e.g. by rate matching the DL transmission around the resource elements for RSSI UE-UE CLI measurement
· To conclude whether or not to down-select the above two approaches in the next meeting



According to RAN plenary decision, the discussion on cross-link interference (CLI) management were closed since some items including CLI management were deprioritized in Rel-15 WI. Also, according the approval of the WI for CLI/RMI in Rel-16, we’re now continuing to discuss on CLI topics following the RAN1#90 meeting. However, since very limited time unit for CLI/RIM WI in Rel-16 is provided, we need to reduce redundant discussion, and we should focus on very essential part of discussion. 
In this sense, we need to continue the discussion on top of the previous agreements. Also, from the contributions submitted in this meeting, we can see that most of companies provides proposals based on the previous agreements in Rel-15, but one company [10] mentioned that MIMO framework should be a starting point instead of agreements made in RAN1#90. So, we suggest to continue the discussion for CLI management on top of the previous agreements from RAN1#90. 


Suggestion from feature lead:
· Confirm the at least following agreements from RAN1#90 to continue discussion on CLI measurement
Agreements:
· UE-to-UE interference measurement and reporting can be configured to be ON or OFF semi-statically and UE-specifically
· Note: there may or may not be an explicit ON/OFF indicator; in the latter case, it can be implicitly derived by other parameters (if any)
Agreements:
· Definitions of metrics for CLI: If RSSI and/or SRS-RSRP is supported for CLI measurement, the following definitions are used:
· SRS-RSRP:
· Linear average of the power contributions of the SRS to be measured over the configured resource elements within the considered measurement frequency bandwidth in the time resources in the configured measurement occasions
· RSSI:
· The linear average of the total received power observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over the configured resource elements for measurement by the UE
· For SRS-RSRP based If SRS-RSRP is supported for UE-UE CLI measurement 
· At least SRS can be used for UE-UE CLI measurement
· The specification should provide a mechanism for the network to configure at least a same SRS sequence for one or more UEs transmitting SRS
· Note: This intends to support cell-level, UE-group-level, and UE-level interference differentiation 
· UE can be configured with one or more SRS resource(s) (including time-frequency resource(s), sequence(s), cyclic shift(s), periodicity, etc) to measure UE-UE CLI interference. 
· FFS details, e.g. configuration signaling, measurement triggering mechanism
· Every SRS resource has to be explicitly configured, i.e. there is no SRS blind acquisition by the UE required.
· FFS the maximum of SRS resources – aim to limit the number of resources to reduce complexity while considering performance aspect
· Mechanism to limit the UE complexity for UE-UE CLI measurement is supported
· FFS details, [e.g. by limiting the number of root sequence of SRS for UE-UE CLI measurement that a UE needs to detect within a certain amount of time, longer periodicity.]
· FFS whether there is spec impact. 
· FFS: The specification should provide a mechanism to avoid potential DL transmission interfering the SRS for UE-UE CLI measurement
· FFS exact details, [e.g. by rate matching the DL transmission around the SRS]
· FFS: Transmission timing advance of SRS for CLI measurement can be different from the transmission timing advance of its PUSCH, e.g D2D channel transmission timing 
· The UE is not required to perform time tracking or time adjustment relative to DL operation in order to perform RSRP measurement
· FFS whether or not to have measurement accuracy relaxation
· For RSSI based If RSSI is supported for UE-UE CLI measurement  
· UE can be configured with a set of resource elements to measure UE-UE CLI interference.
· FFS details, e.g. the set of resource elements can be SRS or DM-RS resource, configuration signaling, measurement triggering mechanism
· FFS whether additional mechanism for SRS transmission is needed for RSSI based UE-UE CLI measurement
· FFS: The specification should provide a mechanism to avoid potential DL transmission in the RSSI measurement resource elements for UE-UE CLI measurement
· FFS exact details, e.g. by rate matching the DL transmission around the resource elements for RSSI UE-UE CLI measurement

Companies’ inputs/comments (if any):
	Company
	Comment

	Ericsson
	Further comment:
In our view, we should make detailed agreements on the supported features directly. We also have to adhere to the WID objectives of this WI, wherein only CLI measurement and reporting is supported. That is, we cannot introduce any new RSs, or RS transmission mechanisms or PDSCH rate matching. Since the previous agreements are on such a high-level anyway, we don’t see the need to agree on the old agreements, we can make new detailed agreements directly, but in case it helps facilitate discussion, we can agree on the below pruned set of old agreements.
Proposal: 
· If RSSI and/or SRS-RSRP is supported for CLI measurement, the following definitions are used:
· SRS-RSRP:
· Linear average of the power contributions of the SRS to be measured over the configured resource elements within the considered measurement frequency bandwidth in the time resources in the configured measurement occasions
· RSSI:
· The linear average of the total received power observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over the configured resource elements for measurement by the UE
· If SRS-RSRP is supported for UE-UE CLI measurement  
· The specification should provide a mechanism for the network to configure at least a same SRS sequence for one or more UEs transmitting SRS
· Note: This intends to support cell-level, UE-group-level, and UE-level interference differentiation 
· UE can be configured with one or more SRS resource(s) (including time-frequency resource(s), sequence(s), cyclic shift(s), periodicity, etc) to measure UE-UE CLI interference. 
· FFS details, e.g. configuration signaling, measurement triggering mechanism
· Every SRS resource has to be explicitly configured, i.e. there is no SRS blind acquisition by the UE required.
· FFS the maximum of SRS resources – aim to limit the number of resources to reduce complexity while considering performance aspect
· Mechanism to limit the UE complexity for UE-UE CLI measurement is supported
· FFS details, [e.g. by limiting the number of root sequence of SRS for UE-UE CLI measurement that a UE needs to detect within a certain amount of time, longer periodicity.]
· FFS whether there is spec impact. 
· The UE is not required to perform time tracking or time adjustment relative to DL operation in order to perform RSRP measurement
· FFS whether or not to have measurement accuracy relaxation
· If RSSI is supported for UE-UE CLI measurement  
· UE can be configured with a set of resource elements to measure UE-UE CLI interference.
· FFS details




The following is a summary of proposals made by companies to RAN1 NRAH1901.
	Company
	Summary of Observation and Proposal

	Ericsson [10]
	[bookmark: _Toc534997502]Any agreements reached on CLI measurements in the downprioritized 2017 work was made in context to an under-developed NR standard. Therefore, these agreements do should not carry through to Rel-16 and should be used as a starting point for discussion only.



	
	



2.2. Measurement Metric for CLI measurement
Summary of key issues:
As we see the previous agreement, two kinds of measurement metric (i.e., RSSI and RSRP) are considered as the candidate of UE-UE CLI measurement. From the contribution, we summary the main features of each measurement metric and related standardization works as below:
· RSSI [1],[2],[3],[4],[5],[6],[7],[8],[9],[10],[11],[13],[15]
· Pros.: Simpler UE implementation, Less sensitive to timing misalignment, Less overhead of signaling
· Related standardization works
· CLI measurement resource configuration
· Measurement result reporting
· RSRP [1],[3],[4],[5],[6, Cell/Group-level],[11],[12], [14, UE-level], [15]
· Pros.: Identifying the aggressor UE (UE level CLI-RSRP), Better performance (CLI on UE-level or UE-group level)
· Related standardization woks 
· CLI-RS transmission (Timing advance, Power control, UL Tx beamforming)
· CLI-RS information configuration for CLI-RS detection at UE side
· CLI measurement resource configuration
· Measurement result reporting 
· Backhaul signaling

From the contributions, it is observed that most of companies (13 companies) support RSSI as the metric for UE-UE CLI measurement. Also, many companies (9 companies) prefer to support CLI-RSRP. At lease, we can see the clear majority to support RSSI as the measurement metric for UE-UE CLI. 
If we consider the limited discussion time unit for this work item in Rel-16, companies are encouraged to treat item supported by the majority with higher priority. So, we suggest to make a consensus that NR supports RSSI as a CLI measurement metric for NR system. Then, we continue to further discuss regarding the CLI-RSRP.
As another measurement metric, some companies are considering to reuse the existing CQI [7][10]. Since the CSI measurement and reporting framework for NR were designed with high flexibility, it could be applied for interference measurement purpose. However, the enhancement of the framework to support CLI measurement is out of scope in CLI/RIM WI. 

Suggestion from feature lead:
· Support RSSI as a CLI measurement metric for NR system
· Continue to discuss whether to support RSRP [or CQI enhancement] for CLI measurement in Rel-16.

Companies’ inputs/comments (if any):
	Company
	Comment

	Ericsson
	We disagree with the statement that CQI enhancement is out of scope for the WI, it is clearly in scope and should be further discussed as candidate scheme. In order to facilitate discussion, we can agree to supporting RSSI as CLI measurement and continue discussion on other candidate measurements.




The following is a summary of proposals made by companies to RAN1 NRAH1901. 
	Company
	Summary of Observation and Proposal

	Huawei, HiSilicon [1]
	Table 2 1 Performance of scheduling coordination, in indoor hotspot, 4GHz carrier, DL: UL=1:1
Observation 1: CLI management with identifying the aggressor UEs has better system performance over the schemes without identifying the aggressor UEs.
Proposal 1: Both CLI-RSRP and CLI-RSSI measurement are supported. The identification of CLI can be in UE-level, UE-group-level and cell-level

	Vivo [2]
	In the contribution, we discussed the alternatives for UE-to-UE CLI measurements, it is proposed to use RSSI measurement or L1-SINR as UE-to-UE CLI measurement in Rel-16.

	ZTE Corporation [3]
	Proposal 1: Both SRS-RSRP and RSSI based CLI measurement should be supported in Rel-16.

	OPPO [4]
	For RSSI based UE-UE CLI measurement
The main advantage are as follows:
· Lower complexity for UE implementation 
· Less signaling overhead
The disadvantage is that if it wants to support UE-pair-basis coordination, the RS overhead may be large and the signaling overhead will increase.
Proposal 1: Both SRS-RSRP based UE-UE CLI measurement and RSSI based UE-UE CLI measurement should be supported in Rel-16. 
Observation 1: If the corresponding configuration/triggering signaling are UE-specific for CLI management, it can support the measurement of UE-level interference, UE-group-level interference and cell-level-interference by gNB implementation. Moreover, the UE will not aware of which types of interference. 

	CMCC [5]
	SRS-RSRP based has higher priority as it has higher accuracy of CLI measurement.
Proposal 1: Support both RSSI and SRS-RSRP based UE-UE CLI measurement

	AT&T [6]
	Both metrics can provide long term measurements of the interference from aggressor UEs and subsequently mitigate it. 
CLI-RSRP based measurements provide a better look into the identity of the strongest interferers to the measuring UEs. If UE-specific SRS-RSRP is used for example, the aggressor UE can be identified at the victim UE. 
RSSI measurements, however, can provide more information about the overall interference that the UE suffers from, and the presence of hidden nodes that are causing interference, and has already been supported for LTE-LAA for example.
Observation 1: Both long term and short term CLI measurements should be supported to enable different CLI management schemes.
Observation 2: Both CLI-RSRP and CLI-RSSI can provide long term metrics to measure the UE-to-UE interference
Observation 4: System performance for IAB networks can be improved by considering cross-link interference in the topology formation methodology.
Proposal 1: Both CLI-RSRP and CLI-RSSI should be considered as long term measurements for UE-to-UE cross link interference. 

Proposal 4: Short term measurements such as those based on CSI-RS should be considered as UE-to-UE CLI measurements 

	Intel Corporation [7]
	Considering the limited TUs allocated to this WI, it is desired that the UE-to-UE measurement and reporting mechanisms specified in Rel-16 are based on the existing Rel-15 specification with minimal changes, and further enhancements could be discussed in Rel-17 and beyond.
Observation 1: RSSI measurement has lower complexity and is less sensitive to timing misalignment between UEs. RSRP measurement allows finer measurement granularity.  
Proposal 1: Strives to reuse Rel-15 mechanisms and reference signals for CLI measurement and minimize specification impact in Rel-16 CLI WI.
Proposal 3: For L1 CLI measurement, apply the link adaptation scheme based on measurement that emulates the upcoming interference level.

	LG Electronics [8]
	Proposal 2: It is necessary for clearly quantifying the impact of time tracking and time adjustment to SRS detection performance (e.g., relationship between measurement accuracy and time asynchronous) for CLI-RSRP measurement. Also, the benefits of CLI-RSRP in spite of UE measurement burdens still needs further justification. 
Proposal 3: For UE-to-UE CLI measurement, at least CLI-RSSI can be considered as measurement metric in NR to reduce the complexity (e.g., UE detection complexity, limitation of SRS resources, asynchronous issues, etc)and specification impact. Support configurations of multiple IMR configurations where each IMR is associated with one identifier (e.g., gNB and group of UEs).

	CATT [9]
	Proposal 1: RSSI for CLI is defined as the linear average of total received power of specific symbols and given bandwidth without any specific RS.
Proposal 2: RSRP measurements for UE-to-UE CLI are not supported in NR Rel-16.    

	Ericsson [10]
	[bookmark: _Toc534997503]UE-to-UE interference can potentially be detrimental for a victim UE if some neighbouring aggressor UEs are in close proximity to the victim UE, due to near-far effect
[bookmark: _Toc534997504]UE-level CLI measurement is associated with a large signalling overhead and a high measurement complexity, and it requires a complex joint scheduler implementation to be effectively utilized

Due to different TDD patterns in the adjacent cells, different slots may be susceptible to different levels of CLI and a victim UE could thus measure the interference level in different slots within the frame structure. This will give the TRP information of which slots to avoid scheduling a certain UE in. In contrast to UE-level interference avoidance, cell/slot-level interference avoidance require little measurement resources, and it can be implemented locally at the TRP without the need for coordinating scheduling decisions between its neighbours. Furthermore, it may not be necessary to coordinate reference signal transmissions from UEs in neighbouring cells, it may simply be enough to perform energy measurements of the aggregated interference in a slot, e.g. capturing actual PUSCH transmissions.
[bookmark: _Toc534997505]Cell/slot-level interference avoidance schemes does not require joint scheduling and requires only a small amount of measurement resources
[bookmark: _Toc534997506]It can be beneficial if the UE-to-UE CLI measurements enable improved link adaptation
[bookmark: _Toc534997507]It can be beneficial if adjacent channel CLI can be captured by the UE-to-UE CLI measurements  
[bookmark: _Toc534997516]Focus on introducing CLI measurements which enable cell/slot-level CLI mitigation schemes
[bookmark: _Toc534997508]Existing CQI report is a form of cell/slot-level UE-to-UE CLI measurement and should be considered the baseline scheme for any enhancement proposal
[bookmark: _Toc534997509]Utilizing multiple Rel-15 CQI reports for UE-to-UE interference measurements suffers from CSI payload repetition and limited UE capability in supported number of configured CSI Report Settings
[bookmark: _Toc534997510]A simple enhanced multi-IMR CQI report can enable cell/slot-level CLI interference measurements with very limited spec impact.
To enable cell/slot-level CLI mitigation schemes, introduce a new “multi-IMR CQI” CSI report quantity:
a. A CSI Report Setting is linked with a Resource Setting for IM containing a CSI-IM resource set with N resources
b. A CSI Report Setting is linked with a Resource Setting for CM containing a NZP CSI-RS resource set with a single CSI-RS resource
c. A single PMI/RI is calculated conditioned on the single CSI-RS resource and a reference CSI-IM resource
d. A set of N CQIs are calculated, with each CQI corresponding to its associated CSI-IM resource
[bookmark: _Toc534997518]Cell-level RSSI measurement for adjacent channel measurement with the report carried on L3 can additionally be considered
[bookmark: _Toc534997519]Decide if CLI measurements with UE-level differentiation is needed based on evaluations of realistic performance of UE-level granularity CLI mitigation schemes, taking into account implementation complexity and measurement overhead
[bookmark: _Toc534997511]RSSI measurements are more general than RSRP measurements and can capture both SRS and PUSCH interference as well as adjacent channel interference
[bookmark: _Toc534997512]RSRP measurements require significantly more communication between gNB and UE, as well as between TRPs, compared to RSSI measurements
[bookmark: _Toc534997513]The benefits of higher measurement accuracy and ability to resolve CDMed sequences provided by RSRP over RSSI measurements are not necessary for CLI mitigation purpose
[bookmark: _Toc534997514]RSRP measurements require SRS TA adjustment

	Nokia, Nokia Shanghai Bell [11]
	Proposal 5: NR should support methods to allow the UE to measure CLI based on RSSI and RSRP depending on the prior knowledge of the interfering UE.

	Qualcomm Incorporated [12]
	RSRP has the advantage that UL transmissions from different UE groups can be differentiated even if these signals are transmitted in same symbols.
This makes RSRP measurement more efficient than RSSI. Therefore, RSRP based measurement should be supported for UE-to-UE CLI measurement.
Proposal 1: RSRP based measurement should be supported for UE-to-UE CLI.

	ITRI [13]
	Proposal: A measurement set shall be configured for RSSI based UE-to-UE CLI measurement and reporting.

	Samsung [14]
	Observation 1: The number of UEs generate strong CLI is small and thus there is no need to enable cell-level or UE group-level UE-to-UE CLI measurement. 
Proposal 3: The measurement metric of CLI-RSRP should be supported and can be configured in the reporting setting for CLI measurement. The antenna port for RSRP determination should be further studied.

	CEWiT [15]
	[bookmark: __DdeLink__4889_1341403589]Observation 1: Long term CLI and short term CLI measurement will be beneficial for CLI mitigation.



2.3. Measurement Resource Configuration for CLI-RSSI 
Summary of key issues:
In TS38.215, a table to configure OFDM symbol duration is defined for RSSI measurement. Similar with the configuration for Rel-15 RSSI measurement, measurement resource for CLI-RSSI measurement can be configured by the OFDM symbol duration wise [1][4]. Furthermore, we can further discuss whether symbol level indication is not sufficient, and subband wise indication is necessity [3][8][9][10][13].

Suggestion from feature lead:
· Rel-15 RSSI measurement is a starting point for CLI-RSSI discussion.
· A CLI measurement resource for RSSI measurement is defined by at least time domain resource.
· FFS: Detail configuration
· Further discuss whether symbol level indication is not sufficient

Companies’ inputs/comments (if any):
	Company
	Comment

	Ericsson
	In our understanding there is no RSSI measurement in Rel-15 (except when it is bundled in RSRQ measurement). Therefore, a new CLI measurement resource needs to be defined. As highlighted by many companies’ contributions, CLI measurement can be used for UE-level differentiation by supporting subband and/or comb-based definition in frequency domain of CLI measurement resource, e.g. in order to match SRS transmission pattern of aggressor UE. Therefore, we suggest:

Proposal:
· A CLI measurement resource for RSSI measurement is defined as:
· Time domain:
· Starting OFDM symbol in slot: 
· Number of OFDM symbols: 
· Frequency-domain:
· Starting PRB: 
· Number of PRBs: 
· Comb repetition factor: 
· Comb offset: 


	
	





The following is a summary of proposals made by companies to RAN1 NRAH1901. 
	Company
	Summary of Observation and Proposal

	Huawei, HiSilicon [1]
	Proposal 4: For CLI-RSSI measurement, symbol-level indication of the starting position should be supported.
· CLI-RSSI measurement shall enable measuring only the last 6 OFDM symbols of a slot.

	ZTE Corporation [3]
	The candidate resource of the existing UL RS can be considered, e.g., the candidate resource of SRS. Based on this, we think the configuration of RSSI measurement resource can reuse the configuration of the existing SRS resource. Furthermore, if the candidate configuration of SRS resource is reused for RSSI based CLI measurement, it can be configured at the beginning of data transmission. 
Proposal 3: The set of resource elements configured for RSSI-based CLI measurement can be based on SRS resource.

	OPPO [4]
	Proposal 5: For RSSI based UE-UE CLI measurement, the information of time-domain resource dedicated for CLI measurement should be exchanged between gNBs and indicated to UE.

	LG Electronics [8]
	Proposal 4: To configure IMR resources for a UE,  
· Between gNBs/TRPs, configuration information (e.g., time/frequency location and/or time/frequency offset and/or durations) for measurement resource elements (such as IMR) are exchanged via backhaul signaling. 
· Based on the information, a serving gNB configures a set of IMR resources where each IMR configuration can be associated with single TRP if necessary. 
· To separate IMR resources between TRPs, gNB/TRP may request neighbor gNB/TRP to mute on a certain set of resources. 
Proposal 5: When RSSI is measured for a set of UEs from a gNB, further refinement based on sub-band RSSI where different sub-band may be associated with different set of UEs can be considered. 
Proposal 6: Consider different measurements for identifying aggressor UEs. For example, wideband RSSI is used for identifying victim UEs and sub-band RSSI is used for identifying further on aggressor UEs.



	CATT [9]
	Proposal 1: RSSI for CLI is defined as the linear average of total received power of specific symbols and given bandwidth without any specific RS.

	Ericsson [10]
	[bookmark: _Toc534997515]An RSSI measurement resource in frequency domain spanning a subband measurement bandwidth and comb size and offset could be defined to enable UE-level differentiation
[bookmark: _Toc534997520]If UE-level differentiation for CLI measurements is needed, consider RSSI based report with frequency domain measurement resource defined using subband measurement bandwidth, comb-size and comb offset, reported on L1 as a type of CSI report

	ITRI [13]
	A UE can be configured with a measurement set of measurement timing configuration and/or measurement resource for RSSI measurement and RSSI reporting as shown in Fig. 2. Similar to the design concept of LTE LAA, the measurement timing configuration may comprise layer-1 average duration, measurement duration, periodicity, slot/symbol offset, measurement resource, etc.; and the measurement resource may comprise a number of PRBs, measurement bandwidth, etc.


Fig. 2
Proposal: A measurement set shall be configured for RSSI based UE-to-UE CLI measurement and reporting.


2.4. Reference Signal for CLI measurement 

Summary of key issues:
In RAN1#90 meeting, the definition of ‘SRS-RSRP’ was agreed. In this sense, many companies (8) are considering to use SRS for CLI measurement [1][3][4, SRS configuration restriction][5, Reuse  SRS resource set][6][7][12][14]. In addition, some companies (2) reveal the view to use DMRS [11] [14]. Furthermore, single company has a view to use CSI-RS for the IAB node [6].

Suggestion from feature lead:
· If CLI-RSRP is specified, only SRS is used for UE-UE CLI measurement.

Companies’ inputs/comments (if any):
	Company
	Comment

	Ericsson
	As the WID do not contain any objective to introduce a new RS or RS transmission mechanism for CLI measurement purpose (only the measurement and reporting itself), existing RS needs to be re-used. This essentially limits potential CLI-RSRP measurement to SRS-RSRP only.




The following is a summary of proposals made by companies to RAN1 NRAH1901. 
	Company
	Summary of Observation and Proposal

	Huawei, HiSilicon [1]
	SRS

	ZTE Corporation [3]
	While for SRS for CLI measurement, it is expected that at least periodic/semi-persistent SRS transmission should be supported.
We think that at least 1 or 2 symbols in N symbols can be supported for periodic CLI measurement. 
Furthermore, comb levels should be reused as much as possible for CLI measurement.

	OPPO [4]
	Proposal 3: For SRS-RSRP based UE-UE CLI measurement, SRS configuration information should be exchanged between gNBs and indicated to UE.
Observation 2: For a typical scenario, the number of strong aggressors or the number of strong aggressors groups are limited.
Proposal 4: For SRS-RSRP based UE-UE CLI measurement, Rel-16 should introduce restriction on SRS configuration for one measurement instant in order to reduce UE complexity and the signaling overhead.

	CMCC [5]
	Proposal 2: To reuse  SRS resource set for CLI measurement, the higher layer parameter SRS-SetUse can be set as “CLI measurement”.
Proposal 3: For SRS resource set with the usage as CLI measurement, the triggering mechanism of NR SRS resource set can be reused.

	AT&T [6]
	Observation 3: CLI-RSRP can be made flexible to reduce the complexity of configuring the reference signals, and measurement and reporting of CLI.  
Proposal 2: Configuring SRS resources on a UE-group level or cell-level should be supported to reduce the measurement and reporting overhead and complexity for CLI.
Proposal 3: CSI-RS should be considered for long term UE-to-UE CLI measurements.

	Intel Corporation [7]
	Proposal 2: Use SRS for L3 UE-to-UE measurement.

	CATT [9]
	Proposal 1: RSSI for CLI is defined as the linear average of total received power of specific symbols and given bandwidth without any specific RS.

	Nokia, Nokia Shanghai Bell [11]
	Proposal 1: NR should support UEs measuring, and reporting of the interference from the neighboring cell UEs’ SRS/DMRS transmissions.

	Qualcomm Incorporated [12]
	Proposal 2: For CLI UE-to-UE measurement with SRS, revisit the NR Rel.15 constraint that SRS transmission is allowed only in the last 6 UL symbols after PUSCH.

	Samsung [14]
	Proposal 1: Measurement signal based on existing reference signals should be supported for cross-link interference (CLI) detection and interference source identification by the gNB (DL-to-UL CLI) and the UE (UL-to-DL CLI).
Proposal 2: Measurement on the SRS and/or DMRS of the interfering UE via ZP CSI-RS should be supported to measure UE-to-UE CLI.
Proposal 4: Measurement on the SRS and/or DMRS of the interfering IAB node via ZP CSI-RS should be supported to measure inter-IAB interference.

	CEWiT [15]
	Proposal 1: At least SRS is considered for short term CLI measurement.
Proposal 2: Rel.15 SRS configuration parameters are used to configure SRS for CLI measurement with restriction on range of values they take to reduce signaling over head and UE complexity.




2.5. Measurement Resource Configuration for CLI-RSRP 

Summary of key issues:
For the measurement resource configuration for CLI-RSRP measurement, companies are considering comb-like detection similar with CSI-IM-Resource for UE-UE CLI measurement. [1,Comb-like], [3, Blank comb resource][6][14][15]

Suggestion from feature lead:
· First, focus on the performance metric, then, continue to discuss


Companies’ inputs/comments (if any):
	Company
	Comment

	Ericsson
	In our understanding, the measurement resource configuration for SRS-RSRP is an SRS resource? If comb-like “CSI-IM resource” is supported, it is an RSSI measurement?





The following is a summary of proposals made by companies to RAN1 NRAH1901. 
	Company
	Summary of Observation and Proposal

	Huawei, HiSilicon [1]
	For RS reception/detection, the mechanism similar to Zero-power (ZP) CSI-RS can be reused to configure interference measurement resource (IMR) for UE-UE CLI measurement.
One potential method to reuse SRS configurations for UE-UE measurement is to include them into IMR configurations. In this case, IMR will contain at least ZP CSI-RS and (ZP) SRS resources. When receiving IMR configuration, UE needs to distinguish which kind of resource it corresponds to.
Proposal 2: Comb-like detection shall be supported in UE-UE CLI-RSRP measurement.
–	The configuration of SRS resources can be reused for IMR.

	ZTE Corporation [3]
	The blanking comb resource can be named as ZP-SRS (Zero-Power SRS), i.e. these aggressor UEs can transmit the SRS with zero power (e.g., Comb #1 in Figure 1).
Proposal 2: In order to achieve accuratey interference measurement and interference source identification, NZP-SRS based and ZP-SRS based CLI measurement can be introduced in Rel-16. 

	CMCC [5]
	Proposal 4: For long-term periodic/semi-persistent CLI measurement, support SRS resources based joint transmit/receive  mechanism. The transmit/receive  states can be indicated by a bitmap, and a GP between any two SRS resources  needs to be considered.

	AT&T [6]
	Proposal 3: CSI-RS should be considered for long term UE-to-UE CLI measurements.
Proposal 4: Short term measurements such as those based on CSI-RS should be considered as UE-to-UE CLI measurements

	Samsung [14]
	A potential specification impact for CLI mitigation is the support of UE measurement of CLI. The NR CSI framework consists of the configurations of resource setting(s), CSI reporting setting(s) and measurement setting. The NR CSI framework allows very flexible configuration of measurement resources to reporting content and procedure, which is capable of handling the requirements of MIMO and beam management. RSRP measurement and reporting has been agreed to be supported with the framework and can be metric to configure in the reporting setting for CLI measurement. Compared to RSSI, the main benefit of RSRP is that the aggressor UE can be identified.

	CEWiT [15]
	Proposal 3:CSI-IM resources are used to receive the CLI-RS at Rx UE.



2.6. CLI-RS transmission at UE side for CLI-RSRP
Summary of key issues:
Three issues are identified from the contributions.
Timing advance
· Alt.1: Different TA between of SRS for CLI-measurement and of PUSCH [1][3][13]
· Alt.2: Same TA between of SRS for CLI-measurement and of PUSCH [12]
Power control
· Constance power for CLI-RS transmission [3]
UL transmission beam
· CLI-RS is transmitted in the serving analog beam. [12]

Suggestion from feature lead:
· Continue to discuss the following topics after making a consensus to support SRS-RSRP for UE-UE CLI measurement in Rel-16
· Timing advance
· Power control
· UE transmission beamforming


Companies’ inputs/comments (if any):
	Company
	Comment

	Ericsson
	According to the WID, RS transmission enhancements is not supported. Therefore, this should not be discussed. I.e. Rel-15 RS transmission is reused.





The following is a summary of proposals made by companies to RAN1 NRAH1901. 
	Company
	Summary of Observation and Proposal

	Huawei, HiSilicon [1]
	Considering that both UE1 and UE2 are expected to be cell edge UEs and the coverage of each TRP should be similar, [image: ] should be similar to [image: ], and thus [image: ] is small.
Proposal 3: The UE uses the reception timing as the transmission timing to transmit the RS for CLI-RSRP measurement.

	ZTE Corporation [3]
	UE-to-UE measurement: SRS based on a fixed or semi-static configured power setting
Proposal 4: Transmission timing advance of SRS for CLI measurement can be different from the transmission timing advance of its PUSCH.

	Qualcomm Incorporated [12]
	In comparison to the same TA configuration for CLI reference signal transmission, the separate TA configuration requires UE to maintain two TA settings which is not supported right now. To minimize the spec impact, we propose to adopt the same TA approach for the transmission of the CLI reference signal.
Proposal 3: when reference signals are transmitted from a UE for CLI measurement, the TA value applied to the corresponding UL symbols is the same as the TA for regular UL transmission from the UE to its serving gNB.

[bookmark: p4]Proposal 4: when reference signal is transmitted from a UE for UE-to-UE CLI measurement, it is transmitted in the serving analog beam. The CLI reference signal can be transmitted from a single port or multiple ports.

	Samsung [14]
	Observation 2: The benefit of adopting TA for CLI measurement reference signals is unclear since accuracy loss can be tolerated.

	CEWiT [15]
	[image: ][image: ] 
Fig. 2 Repetition of SRS over multiple symbols for asynchronous detection using one symbol CSI-IM
UE can configure multi symbol SRS transmission with same sequence in each symbol but phase rotated to maintain the time domain circularity. Rx UE will be configured CSI-IM to receive SRS in only one symbol provided that the receiving symbol contains full SRS sequence. This is shown in fig below. This will solve the problem of different TAs.

Proposal 6: SRS transmission can be configured to more than one symbol with same sequence repeated over the symbols but phase rotated to maintain the time domain circularity. Reception of SRS can be over one symbol CSI-IM. Number of SRS symbols for transmission and reception are configured independently. 




2.7. Measurement Triggering 
Summary of key issues:
For measurement triggering method, two companies provide their proposal. 

Suggestion from feature lead:
· First, focus the discussion on measurement metric and measurement resource configuration


Companies’ inputs/comments (if any):
	Company
	Comment

	Ericsson
	In our view, two options exist, either L1 reporting in which the CSI framework should be reused or L3 measurement reporting over RRC. If L1 reporting via CSI framework is supported, the triggering mechanism for CSI is naturally re-used. If L3 measurement report over RRC is supported, triggering method follows L3 reporting.





The following is a summary of proposals made by companies to RAN1 NRAH1901. 
	Company
	Summary of Observation and Proposal

	ZTE Corporation [3]
	· Method 1: UE reports all the measurement results e.g. SRS-RSRP between itself and all measured UEs to its gNB. Reporting all the measurement results of all measured UEs would result in excessive overhead.
· Method 2: UE reports the measurement results of some measured UEs with the largest CLI or SRS-RSRP imposed on the UE to its gNB. For example, UE reports the measurement results of top three interfering/ measured UEs to the gNB.
· Method 3: Only when the measurement results meet certain conditions, UE will report the corresponding measurement results. For example, UE will report measurement results only if the measurement results exceed the pre-setting threshold value or satisfy the measurement event used for trigger reporting. The measurement event can be defined based on the relationship between CSI-RS based RSRP and RSRP.
From the point of saving overhead, method 2 or 3 may be a better choice.

Aperiodic RSSI based measurement should be supported.


	Nokia, Nokia Shanghai Bell [11]
	Proposal 2: NR should support methods to allow the UE to measure CLI based on gNB configured CLI measurements, gNB periodic CLI measurements, and UE autonomous CLI measurements. 
Proposal 3: NR should support methods to allow the UE to measure CLI during RRC connection state and during initial access procedures.




2.8. Measurement Result Reporting 
Summary of key issues:
Regarding the measurement result reporting, three issues are identified as below:
· How to inherit the current reporting framework for L3 measurement reporting or CSI reporting.
· On/off mechanism
· Semi-persistent scheduling (SPS) [1]
· Scheduling Request (SR) [1]
· gNB request and UE triggering [11]
· Aperiodic RSSI reporting [3, Triggered by DCI]
· Overhead reduction
· Reporting Worst-N CLI-measurement [1][3]
· When the measurement results meet certain conditions [3]
· Quantized into fewer levels [1]

Suggestion from feature lead:
· First, focus the discussion on measurement metric and measurement resource configuration. Then, continue to discuss on measurement reporting regarding the following topics
· For measurement reporting take Rel-15 framework (e.g. L1 reporting via CSI framework or L3 reporting via RRC measurement report) as a starting point.
· How to inherit the current reporting framework for L3 measurement reporting or CSI reporting.
· On/off mechanism
· Whether need to imply overhead reduction method

Companies’ inputs/comments (if any):
	Company
	Comment

	Ericsson
	As commented earlier, there exists two feasible alternatives, L1 reporting via CSI framework or L3 reporting via RRC measurement report. It should be downselected which options should be supported. Then exact measurement quantity (e.g. top-N reporting, differential encoding, etc) can be discussed. 




The following is a summary of proposals made by companies to RAN1 NRAH1901. 
	Company
	Summary of Observation and Proposal

	Huawei, HiSilicon [1]
	As for the report occasion, semi-persistent scheduling (SPS) can be applied to schedule periodic PUSCH resources for periodic reporting. Another way can be that the UE will send a scheduling request (SR) for reporting after the measurement.
Several methods can be applied to reduce the overhead
. The CLI can be quantized into fewer levels
. A UE can only report the CLI information of top K UEs which will cause the most serious CLI
. The UE will send the SR only when strong/weak CLI is detected
Proposal 5: High layer reporting is applied for CLI measurement.
· Some methods can be used to reduce the overhead, e.g. conditional reporting.

	OPPO [4]
	Proposal 2: Study the signaling overhead for configuring/triggering UL signals used for UE-UE CLI measurement, and specify, if necessary, some additional solution to reduce signaling overhead (e.g., cell-specific signaling, UE-group-specific signaling). 

Proposal 6: The reporting of UE-UE CLI measurement should be based on the current CSI feedback framework of Rel-15 NR.

	CMCC [5]
	The following reporting methods can be considered.
1) The interfered UE reports all the measurement results e.g. the CLI level between each interfering UE and interfered UE pairs, which requires a high overhead.
2) The interfered UE reports the CLI measurement results of top N (including one)  interfering UEs which will cause the serious CLI. 
3) The interfered UE reports the average values of all the CLI measurement results.
4) The interfered UE reports the CLI measurement results when the results larger than the pre-defined threshold values.
Proposal 6: Considering the proposed CLI reporting mechanisms. FFS how to reduce the reporting overhead, e.g. differential reporting.

	AT&T [6]
	Proposal 5: CLI report can be a L1- report or a higher layer report depending on the frequency of measurement and the CLI mitigation scheme

	LG Electronics [8]
	Proposal 8: UE-to-UE CLI measurement and reporting procedure cam be implicitly turn on/off based on the measured signal quality from the serving cell

	Nokia, Nokia Shanghai Bell [11]
	Proposal 6: NR should support methods to allow the UE to report CLI measurements based on both gNB request and UE triggering conditions as configured by the gNB.

	CEWiT [15]
	CSI reporting configuration can be modified to report CLI in configured CSI-IM. Similar to L1-RSRP, SRS-RSRP can be introduced as new reporting quantity for CSI reporting configuration.
Proposal 4: CSI reporting configuration can be configured with only CSI-IM resource for CLI measurement.
Proposal 5: CSI reporting is used for CLI reporting. SRS-RSRP reporting quantity is configured for RSRP based CLI reporting in Rel-16.





2.9. Misc.
Summary of key issues:
Three companies are discussing regarding the potential impact to Normal DL signal receiving when UE operates CLI measurement, also they are considering rate-matching the DL resource [3][5][8]

Suggestion from feature lead:
· Further discuss


Companies’ inputs/comments (if any):
	Company
	Comment

	Ericsson
	Rate matching enhancements is not in scope of the WI, existing rate matching resources can be re-used.





The following is a summary of proposals made by companies to RAN1 NRAH1901. 
	Company
	Summary of Observation and Proposal

	ZTE Corporation [3]
	Rate-matching pattern
One possible solution is to allow the DL transmission around the measurement resource of SRS-RSRP or RSSI to be punctured or use rate matching

	OPPO [4]
	Backhaul signaling
Due to the flexibility design of NR, there exist some tools to facilitate the coordination of DL transmission and UE-UE CLI measurement, e.g., non-slot base transmission, rate matching mechanism. But some information exchange between gNBs are needed
Observation 2: NR has supported a toolbox to avoid the DL interference on CLI-CLI measurement except for the information exchange between gNBs.

	CMCC [5]
	Rate-matching pattern
Proposal 5: Support reuses the RateMatchPattern or ZP CSI-RS resources for RSSI based CLI measurement resources. And considering redefining the CLI RSSI to L1-RSSI.

	AT&T [6]
	For IAB
Proposal 6: A unified CLI measurement framework for MT-to-MT, MT-to-DU, DU-to-DU, DU-to-MT should be considered for IAB

	LG Electronics [8]
	Rate-matching pattern
Proposal 7: Existing rate matching patterns are reused for IMR configuration of CLI-RSSI unless considerable issues are identified.



3. Summary of Issues on Network Coordination Mechanisms for CLI
1 
2 
3 
3.1. Exchange of DL/UL transmission direction configuration and details on “Intended DL/UL transmission direction configuration” 

Summary of key issues:
During Rel-15 NR WI, a few agreement related to the backhaul exchange information particularly intended DL/UL configuration were made as follows.
	RAN1#88b
Agreements:
· NR supports that at least the following information is provided among gNBs via backhaul signaling for the purpose of e.g., cross-link interference mitigation: 
· Indication of intended DL/UL transmission direction configuration
· FFS details



Most of companies proposed their view and details on intended DL/UL configuration to mitigate cross-link interference based on the previous agreement. However, there was no discussion the definition and details during the Rel-15 WI discussion because the measurement issue has higher priority than the backhaul signalling information within the limited discussion time. So, companies provide proposals based on their own understanding. We need to make a clear definition regarding ‘indication of intended DL/UL transmission direction configuration’. In the LTE TDD eIMTA, there was the “intended DL/UL configuration” for managing interference from other gNB. To facilitate the discussion relate to the backhaul information with limited discussion time, it can be discussed from the existing concept. 
Most of companies proposed the needs and some details on intended DL/UL configuration to mitigate NR CLI. At least for the intended DL/UL configuration, it seems that we can propose the followings based on the majority view.

Suggestion from feature lead:
· Confirm the following agreements from RAN1#88
Agreements:
· NR supports that at least the following information is provided among gNBs via backhaul signaling for the purpose of e.g., cross-link interference mitigation: 
· Indication of intended DL/UL transmission direction configuration
· FFS details

· The purpose of “intended DL/UL configuration” for NR-CLI is assumed to be equivalent to ‘intended DL/UL configuration’ specified for LTE TDD eIMTA
· The definition of “intended DL/UL configuration” specified for LTE TDD eIMTA is a starting point for the discussion of the definition of “intended DL/UL configuration” for NR-CLI
· The definition of “intended DL/UL configuration “ from TS 36.423 as follows:
· If the Intended UL-DL Configuration IE is included in the LOAD INFORMATION message, it indicates the UL-DL configuration intended to be used by the indicated cell. 
· The receiving eNB may take such information into account when setting its scheduling policy and shall consider the received Intended UL-DL Configuration IE value valid until reception of a new LOAD INFORMATION message carrying an update of the same IE.
· FFS: Detail parameters for intended UL/DL configuration

· Intended DL/UL configuration includes at least the following information:
· Periodicity information
· The indicated “intended DL/UL configuration” is repeatedly applied based this periodicity.
· Numerology information (e.g., subcarrier spacing)
· This can imply the total number of symbols within periodicity.
· Resources within the interval intended to be used as downlink and resources within the interval intended to be used as uplink
· FFS resources intended to be used as flexible/unknown
· FFS details of resource indication signalling



Companies’ inputs/comments (if any):
	Company
	Comment

	Ericsson
	The WI objectives is used to set the scope of the WI, not any previous un-implemented agreements from another SI/WI. Since the WI objective already states that exchange of intended UL/DL configuration is supported, the first suggested agreement is unnecessary. 

Regarding second proposed agreement, we can make a new detailed agreement without referring to the eIMTA definition.

Regarding third agreement, in our understanding, the exchange of intended UL/DL configuration can re-use the format of semi-static TDD pattern configuration to UE, i.e. indicating which resources are “fixed UL”, “fixed DL” or flexible.






The following is a summary of proposals made by companies to RAN1 NRAH1901. 
	Company
	Summary of Observation and Proposal

	AT&T [23]
	gNBs can exchange the intended DL/UL transmission direction configuration over the backhaul link so as to mitigate the cross link interference that might arise due to dynamic TDD. The intended DL/UL transmission direction can include details on the duration of the transmission direction, for example in terms of number of symbols, numerology, etc.

	CMCC [22]
	· Option 1: only semi-static DL/UL configuration, i.e., the DL/UL configuration indicated by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated;
· Option 2: semi-static DL/UL configuration and a planned transmission direction on semi-F symbols/slots;
· Option 3: a unified DL/UL configuration that does not differentiate semi-static DL/UL configuration and a planned transmission direction on semi-F symbols/slots.


Figure 1 Options for intended DL/UL configuration
Proposal 1: For symbols/slots indicated as flexible by high layer parameters TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated, a planned transmission direction should be included in “intended DL/UL configuration”.


Figure 3 Illustration of periodicity and gNB-specific numerology
Proposal 2: Periodicity and gNB-specific numerology could be considered to be included in “intended DL/UL configuration”.

	Ericsson [27]
	[bookmark: _Toc534997269]An alternative solution is to divide the time resources of each gNB into fixed and flexible resources and let the network nodes exchange their fixed/flexible resource configurations via backhaul signaling. The transmission directions on the fixed time resources are expected to be static for some foreseeable amount of time (but may change in-frequently and slowly), while the flexible resources can potentially change transmission direction each TTI.
[bookmark: _Ref534889466][image: ]
Figure 1: Example of fixed and flexible resource indication.
[bookmark: _Toc534997272]Proposal 1 : Focus on simple network coordination mechanism with only slow exchange of fixed/flexible TDD configurations
Observation 5: Dynamic exchange of intended TDD DL/UL configuration on per-slot basis is not feasible nor reliable, and it can lead to significant backhaul signalling overhead and increased message processing complexity

	Huawei [18]
	Proposal: For conveying the intended TDD UL-DL configuration between gNBs, the IE similar to TDD-UL-DL-ConfigCommon can be used. The gNB receiving this TDD UL-DL configuration over Xn shall assume that any symbol not designated as DL or UL is not used by the source gNB.

	Intel [24]
	For L3 measurement, DL/UL configurations in each gNB can be exchanged, so that UEs in one cell would not attempted to do UE-to-UE CLI measurement on anther cell in DL transmission.
Coordination on DL/UL configurations: Based on exchanged DL/UL configurations, a gNB could schedule a victim UE for DL transmission only when it is a DL slot for all neighbouring cells, or a gNB could schedule an aggressor UE for UL transmission only when it is a UL slot for all neighbouring cells.
Proposal 2: For CLI mitigation, the following types of information can be exchanged among network nodes:
· Information on victim and aggressor UEs
· Information for transmission coordination

	LGE [26]
	Proposal 1: Signaling mechanisms used in cell-specific DL/UL configurations are used for indicating hard-DL and hard-UL which are fixed as DL and UL respectively by a given gNB. Signaling mechanisms used in UE-specific DL/UL configurations are used for indicating soft-DL and soft-UL which are intended to be used for DL and UL respectively. 

 Fig.1 shows an example case that the above-mentioned approach is applied. Here, “repPeriod = 3ms”, “numerConfig = 15KHz (i.e., # of symbols within repPeriod = 42)”, “numSymBasicTimeUnit = 14symbols”, “direcInfo for 1st BTU = DDDDDDDGUUUUUU”, “direcInfo for 2nd BTU = DDDDDDDDDDGUUU”, “direcInfo for 3rd BTU = DDDDDDDDDGUUUU” are assumed. “D”, “U”, “G” denote “DL”, “UL”, “GP (Guard Period)” respectively.
[image: ]
Figure 1. Example case of intended DL/UL transmission direction configuration
 
Proposal 2: The following information list can be included in “intended DL/UL transmission direction configuration”.
· Periodicity information (repPeriod)
The indicated “intended DL/UL TX direction configuration” is repeatedly applied based this periodicity.
· Numerology information (e.g., subcarrier spacing, CP type if necessary, etc.) (numerConfig)
This can imply the total number of symbols within repPeriod.
· Number of symbols within a basic time unit (e.g., slot) (numSymBasicTimeUnit)
· Direction information (direcInfo)
This indicates the transmission direction (or usage) of each symbol consisting of a basic time unit (BTU). In other words, direcInfo is signaled per BTU basis.

	Nokia [28]
	Proposal 2: It should be possible to signal used radio frame configurations over the Xn and F1 interface.
Cyclic prefix length information is currently missing, but is needed to provide full information of the radio frame configuration.
Proposal 5: Send an LS to RAN3, requesting to add cyclic prefix length information to Xn signaling (Xn Setup and NG-RAN Node Configuration Update procedures).    
As typical gNB implementations may not implement and utilize all slot formats, we further propose that gNB could inform other gNBs which formats it support.
Proposal 6: In the LS to RAN3, include a request to add radio frame configuration information to Xn signaling (Xn Setup and NG-RAN Node Configuration Update procedures).. This information may be signaled from one gNB to another with a vector of length M, where the m-th element of that vector refers to one of the NR slot formats supported by the gNB (as also signaled on XnAP). 
Proposal 7: Request RAN3 also to enable frequent updates of the radio frame configuration information on the Xn interface, which may require to include this information in a new XnAP procedure).

	Oppo [21]
	Proposal 1: Rel-16 should support a fast and light-weight coordination mechanism to exchange the information of UL/DL/flexible resource assignment between different gNBs. 

	Qualcomm [29]
	[bookmark: p3]Proposal 3: dynamic configuration of UL and DL symbols are not exchanged between gNBs for UE-to-UE CLI measurement. Semi-static configuration of UL and DL symbols are exchanged between gNBs for RSSI measurement within the interfering symbols.

	Samsung [30]
	Proposal 1: The intended DL/UL transmission direction configuration and time/frequency/spatial resource should be exchanged among TRPs via backhaul/OTA to mitigate the cross-link interference.

	VIVO [19]
	Proposal 1: The intended DL/UL transmission direction configuration is signaled by a bitmap over a time period. Signal of numerology is not needed. 

	ZTE [20]
	Intended UL/DL transmission direction or direction priorities for flexible slots/symbols in flexible part (or for pattern1/pattern2) should be exchanged among networks.
Proposal 2: Network coordination mechanism should support exchange of intended UL/DL transmission directions or direction priorities, and the configurations of some import reference signals/channels such as SS/ PBCH block.




3.2. Exchange of RS configurations for UE-to-UE CLI measurement
Summary of key issues:
During Rel-15 NR WI, a few conclusion related to the backhaul exchange information particularly configuration of reference signal for CLI management were made as follows.
	RAN1#89
Conclusion:
· Study further whether or not at least the following information is provided among gNBs via backhaul signaling: 
· Configurations of reference signal for CLI management, which is transmitted from gNBs
· FFS Details
· Also the connection with TRP-to-TRP measurement


Many companies shows the needs of exchange of information (e.g., SRS configuration [21][22][23][27][29][31], CSI-RS configuration [23][24], time-frequency resources for measurement [19][21][22][26][27]) to facilitate the UE-UE CLI measurement.

Most of companies proposed the backhaul exchange information to facilitate the UE-UE CLI measurement. In this meeting, however, the measurement metrics will be discussed and decided for CLI measurement. So, it may be very premature to decide the details such as which information of measurement resource can be exchanged among gNB before the decision on measurement metrics. Based on the majority view, we can propose the following at this moment. 

Suggestion from feature lead:
· Exchanges of information related to measurement resources (e.g., SRS configuration or IMR depending on RSRP or RSSI) are supported among gNBs
· FFS details depending upon decisions on measurement metrics (e.g., RSSI or RSRP or both)


Companies’ inputs/comments (if any):
	Company
	Comment

	Ericsson
	Disagree. In order to utilize results from UE-group or individual UE-level CLI measurement, joint scheduling operation is needed. If such a joint scheduler is used, the gNBs are anyway more tightly synched over proprietary interfaces and can share this measurement resources proprietarily. Thus, it is not needed to exchange measurement configurations over Xn.




The following is a summary of proposals made by companies to RAN1 NRAH1901. 
	Company
	Summary of Observation and Proposal

	AT&T [23]
	Reference signals for UE-to-UE CLI long term and short term measurements are configured by the network. gNBs can exchange information on the reference signals configured for CLI measurement, such as SRS, and CSI-RS.

	CEWiT [31]
	Tx UEs are configured with one or more SRS resources or resource sets and the same will be configured at Rx UEs for detection purpose. Therefore, it is necessary to convey the SRS configuration between gNBs. Sharing SRS configuration will help Rx UE to detect CLI more accurately, with reduced UE complexity while avoiding blind acquisition.
Table 1: SRS configuration parameters that need to be shared
[image: ]This indication of SRS resources can be implicit or explicit. Implicit implies, a set of configuration can be fixed for CLI and index can be indicated among gNBs. Whereas in explicit indication, actual parameters will be shared between gNBs. The CLI SRS configuration can be subset of Rel-15 SRS configurations
Proposal 1: SRS configuration used for CLI measurement should be shared among the gNBs.
· FFS indication will be explicit or implicitly
· FFS on details

	CMCC [22]
	Proposal 3: If SRS-RSRP based CLI management is supported, Xn/backhaul signalling could include the dedicated RS or measurement resources configuration to enable the CLI measurement among neighbouring gNBs. Also it needs to exchange CLI measurement results from the victim UEs among neighbouring gNBs.

	Ericsson [24]
	[bookmark: _Toc534997270]Network exchange of SRS/IMR configurations can lead to significant backhaul signalling overhead without a clear benefit 
[bookmark: _Toc534997271]Network exchange of SRS/IMR configurations, if needed, can be done proprietarily

	Intel [27]
	For L3 measurement, gNBs can coordinate with each other on CLI-RS configurations (e.g., time/frequency resource mapping, sequence index, periodicity, offset, etc.) so that UEs can be informed with neighboring cell’s CLI-RS configuration for CLI measurement
For L3 measurement, gNBs can coordinate with each other on the level of measurement granularity they want to achieve for CLI measurement. In general, finer measurement granularity requires more CLI-RS configuration to be configured and exchanged, leading to high backhaul signaling overhead.

	LGE [26]
	In order to support CLI management, information exchange among gNBs via backhaul signaling can necessary. At least the following information can be useful to coordinate gNBs for CLI as below:
· Reference signal configuration (e.g., time and frequency location, time offset, frequency offset, sequence information, number of RS repetitions, power related parameters, ete.)
Proposal 4: For backhaul signaling, at least the followings information are considered for CLI management 
· Reference signal configuration  
Proposal 5: At least the following information on “UE-to-UE CLI measurement resource (IMR)” can be exchanged among gNBs via backhaul to support e.g., RSSI based UE-to-UE CLI measurement.
· Frequency location (or pattern) of IMR within a basic time unit (e.g., slot(s))
· Periodicity and subframe offset of IMR repetition (e.g., IMR pattern of the basic time unit is repeated based this periodicity)
· Etc.

	Nokia [28]
	

	Oppo [21]
	Proposal 2: Rel-16 should support gNBs to exchange information to facilitate the UE-UE CLI measurement (e.g., SRS configuration, time-frequency resources for measurement). 

	Qualcomm [29]
	[bookmark: p1]As a dynamic configuration mechanism, the aperiodic SRS configuration may cause a large overhead to network signaling. Therefore, it is preferable that only the semi-persistent and periodic modes are configured for CLI measurement and the corresponding configuration information is exchanged between gNBs.
[bookmark: _Hlk534902790]Proposal 1: gNBs should exchange configurations for SRS transmissions for UE-to-UE CLI RSRP measurement. Only semi-persistent and periodic SRS transmission are supported for CLI. 
[bookmark: p2][bookmark: _Hlk534972166]Proposal 2: gNBs should exchange UL transmission timing advance configurations for SRS transmissions for UE-to-UE CLI RSRP measurement.

	VIVO [19]
	Proposal 2: NR supports backhaul exchange of the intended time/frequency resource for CLI measurements. 



3.3. Other Xn/backhaul information for CLI management

Summary of key issues:
During Rel-15 NR WI, the following agreement related to TRP-to-TRP measurement were made as follows:
	Agreements:
· TRP-to-TRP measurement is not specified in NR Rel-15 (i.e., left to NW implementation)


Two companies [19][21] proposed information exchange for gNB-to-gNB CLI measurement. However, due to the very limited time (only two meeting), we should focus on the UE-to-UE CLI measurement as described on the CLI WI description. 

Furthermore, various proposals for backhaul information for CLI are summarized as follows:
· Measurement report information (4 companies [21][22][24][26]): exchange of measurement results and identified aggressor and/or victim UEs

· Protected zone information (3 companies [20][22][26]): exchange of resources (in frequency and time) which should be protected from CLI.

· Intended beam scheduling information (3 companies [24][25][26]): exchange of beam-specific information of aggressor UEs (e.g., UE’s Tx beam index, set of RBs, and slot index) 

· Scheduling information (2 companies [24][26]) : exchange of resource allocation and scheduling, based on exchanged resource allocation and scheduling decisions, a gNB could avoid scheduling a victim UE on the same time-frequency resource as its aggressor UE, and vice versa.

· Transmit power information (2 companies [24][26]): exchange of power control parameters (e.g., power backoff level, power boosting level, number of symbols) for coordinate power of aggressor UE and/or victim UEs by reducing and/or boosting Tx power. 

· CLI sensitivity vector (1 company [28]): intended to inform other gNBs how sensitive the different slots (in the radio frame configuration) are to CLI.

Suggestion from feature lead:
· Further discuss


Companies’ inputs/comments (if any):
	Company
	Comment

	Ericsson
	Note that TRP-to-TRP measurements is not in WI scope according to the WID.






The following is a summary of proposals made by companies to RAN1 NRAH1901. 
CLI Measurement results
	Company
	Summary of Observation and Proposal

	CMCC [22]
	Besides the configuration, once a gNB receive the CLI measurement results reported from the victim UEs, it is beneficial to share the measurement results among neighbouring gNBs. Based on the CLI measurement results, the aggressor gNBs can explicitly correlate the victim UEs with its own scheduled aggressor UEs to obtain a better knowledge on interference level of an UE-pair and then conduct coordinated scheduling.

	Intel [24]
	Based on UEs’ measurement reporting, gNB could exchange information on
· UE’s measurement reports
· Identified aggressor and/or victim UEs
· Identified aggressor and/or victim beams
Based on the victim and aggressor UE information, gNBs could further optimize the CLI-RS resource coordination for measurement.


[bookmark: _Ref534724435]Figure 3. Example of CLI-RS resource refinement based victim and aggressor UE information

Proposal 2: For CLI mitigation, the following types of information can be exchanged among network nodes:
· Information on victim and aggressor UEs
· Information for transmission coordination

	LGE [26]
	Proposal 4: For backhaul signaling, at least the followings information are considered for CLI management 
· CLI measurement results 

	Oppo [21]
	The exchange of CLI measurement results is preferably to not only include the strength of the potential high CLI, but also the time/frequency resource on which the potential high CLI is observed. The CLI strength can be quantified into some coarse levels and no need to signal the exact CLI measurement result, for example RSSI. The time/frequency resource on which high CLI is observed can be indicated together with the RSSI
Proposal 3: Rel-16 should support gNBs to exchange information on the UE-UE CLI measurement results to facilitate the coordination among different gNBs. 


Protected zone
	Company
	Summary of Observation and Proposal

	CMCC [22]
	The bandwidth information of protected zone can be exchanged via Xn/backhaul signalling.


Figure 4 Illustration of “protected zone”
Proposal 4: Indicating gNB-specific protected zone in frequency could be studied for network-coordinated CLI management.

	LGE [26]
	In LTE system, there always exist some resources with fixed DL/UL TX direction even though TDD eIMTA operation is applied. So, from a certain gNB perspective, the region of neighbour gNB’s such resources can be regarded as no cross-link interference and it can be used for its essential channel/signal transmission (e.g., control/broadcast channel, synchronization signal, etc.). In this sense, we think that in NR system, if the information on “resources with fixed DL/UL TX direction” is additionally exchanged among gNBs via backhaul signalling, it can also be useful (or beneficial) in terms of planning scheduling, essential channel/signal transmission/protection, cross-link interference management, etc.
Proposal 3: For the purpose of e.g., essential channel/signal protection/transmission, NR additionally supports the following information exchange among gNBs via backhaul signaling:
· Indication of resources with fixed DL/UL transmission direction

	ZTE [20]
	Besides, the configurations e.g. pattern, period and offset of some important reference signals/channels such as SS/ PBCH block, PRACH also need to be exchanged among adjacent gNBs. The direction of the slots/symbols on which SS/PBCH or PRACH is transmitted should have a higher priority, so as to guarantee the performance of such important reference signals/channels.
Proposal 2: Network coordination mechanism should support exchange of intended UL/DL transmission directions or direction priorities, and the configurations of some import reference signals/channels such as SS/ PBCH block.


Beam related information
	Company
	Summary of Observation and Proposal

	LGE [26]
	In order to support CLI management, information exchange among gNBs via backhaul signaling can necessary. At least the following information can be useful to coordinate gNBs for CLI as below:
· Beam-specific information (e.g., high interference Tx beam of aggressor UE, high interference Rx beam of victim UE)
Proposal 4: For backhaul signaling, at least the followings information are considered for CLI management 
· Beam-specific information 

	Samsung [25]
	

Figure 1. TRP-to-TRP interference management
  As shown in the Figure 1, to assist TRP-to-TRP interference coordination, serving gNB sends Rx beam index, set of RBs, and slot index to neighboring gNBs which are potential interfering nodes

 
Figure 2. UE-to-UE interference Management
    To assist UE-to-UE interference coordination, serving gNB sends Tx beam index, set of RBs, and slot index to neighboring gNBs serving potential interfering UEs.
One possible method is to make a UE-to-UE interference range table based on the gNB’s Tx/Rx beam index as shown in Figure 2 and to share the table in advance using X2 interface.
Proposal 1: The intended DL/UL transmission direction configuration and time/frequency/spatial resource should be exchanged among TRPs via backhaul/OTA to mitigate the cross-link interference.

	Intel [24]
	Coordination on transmit/receive beams: Based on exchanged transmit/receive beam information, a gNB could advice a victim UE on which receive beam(s) to use in DL reception, or a gNB could avoid selecting aggressor beam(s) of a UE for UL transmission


Scheduling information
	Company
	Summary of Observation and Proposal

	Intel [24]
	Coordination on resource allocation and scheduling: Based on exchanged resource allocation and scheduling decisions, a gNB could avoid scheduling a victim UE on the same time-frequency resource as its aggressor UE, and vice versa.

	LGE [26]
	Proposal 4: For backhaul signaling, at least the followings information are considered for CLI management 
· Scheduling information


Transmit Power related information 
	Company
	Summary of Observation and Proposal

	Intel [24]
	Coordination on transmit power: Based on exchanged power control parameters, a gNB could increase the DL transmit power for a victim UE, or a gNB could reduce the UL transmit power of an aggressor UE.

	LGE [26]
	In order to support CLI management, information exchange among gNBs via backhaul signaling can necessary. At least the following information can be useful to coordinate gNBs for CLI as below:
·  TPC related information (e.g., power backoff level, power boosting level, number of symbols)
Proposal 4: For backhaul signaling, at least the followings information are considered for CLI management 
· TPC related information 


Information of CLI sensitivity vector
	Company
	Summary of Observation and Proposal

	Nokia [28]
	In addition to the inter-gNB radio frame configuration signaling, it is proposed to allow the gNb to also signal a corresponding cross link interference (CLI) sensitivity vector. The CLI sensitivity vector also has length M, and is intended to inform other gNBs how sensitive the different slots (in the radio frame configuration) are to CLI. For the sake of simplicity, it is proposed to quantize the sensitivity level to three levels, denoted as High, Medium, Low. But, the scheme could of course be further generalized to allow more levels if deemed necessary. 
· Proposal 8: Request RAN3 to include cross-link interference sensitivity information per cell using an XnAP procedure to be defined. 
· Proposal 9: Use vector representation for the cross-link interference sensitivity information, where the n-th element of the cross-link interference sensitivity vector expresses how sensitive the cell is to potential cross-link interference in the n-th slot in the radio frame configuration. It is suggested to quantize the sensitivity level to three levels, denoted as High, Medium, Low.     
In the context, slots where the CLI sensitivity is indicated to be Low can be disregarded, meaning that a neighboring cell can freely change its UL/DL configuration as the cell experiencing the interference is not sensitive. While for slots where the CLI sensitivity is indicated to be High, it is of importance to control that the risk of experiencing remote interference is minimized as much possible. 


Information exchanged for gNB-to-gNB CLI measurement
	Company
	Summary of Observation and Proposal

	Oppo [21]
	[image: ]
Proposal 6: Rel-16 should support gNBs to exchange information to facilitate gNB-gNB CLI measurement (e.g., RS configuration, time-frequency resources for measurement). 
Proposal 7: Rel-16 should support gNBs to exchange information on gNB-gNB CLI measurement results to facilitate the coordination among different gNBs. 

	VIVO [19]
	Proposal 3: NR supports backhaul exchange of the time/frequency resource on which high potential CLI is observed.
Proposal 4: The backhaul exchange for CLI management should allow indication of the targeted receiving gNB. 



3.4. CLI mitigation for IAB
Summary of key issues:
In the CLI WI description, there was note for IAB work scope as follows:
	- Note: Measurement and coordination mechanisms should be applicable to IAB nodes. 


Two companies [23][25] proposed network coordination mechanism for IAB nodes. However, in this discussion, we preclude IAB specific discussion due to the limited TU. So, we should focus on the measurement and coordination mechanisms for macro/micro cell environment and only discuss whether those mechanisms are applicable to IAB node or not.

Suggestion from feature lead:
· Further discuss



Companies’ inputs/comments (if any):
	Company
	Comment

	Ericsson
	In our understanding, CLI measurement and reporting mechanism can be re-used for IAB operation. 





The following is a summary of proposals related to the IAB made by companies to RAN1 NRAH1901. 
	Company
	Summary of Observation and Proposal

	AT&T [23]
	For example, whether a IAB-MT can be configured to either transmit a CLI-RS (e.g. SRS or CSI-RS) or measure CLI-RSRP/RSSI is dependent on whether the IAB-node’s DU is configured to transmit/receive/or mute corresponding resources in the same slot.
Proposal 1: Network coordination mechanisms for CLI should take into account the half-duplex constraint in IAB
Proposal 2: DU-to-DU measurements should be specified for CLI coordination in IAB. 

	Samsung [25]
	Victim IAB node’s gNB can assign ZP CSI-RSs, whose time-frequency locations overlap with the sounding RS (SRS) or the demodulation RS (DMRS) of the interfering IAB node, to the victim IAB node to perform measurement.
Proposal 2: Information on the SRS/DMRS of interfering IAB nodes should be exchanged between coordinated gNBs.
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Annex
Alternatives for UE-to-UE CLI measurements [2]
Table 1 Summary of UE-to-UE CLI measurement alternatives 
	
	Able to identify interference source
	UE complexity 
	Resource overhead
	Specification impacts

	SRS-RSRP
	Possible
	High
	High
	Definition of SRS-RSRP 
Measurement triggering and reporting
gNB coordination on SRS configuration and measurement results

	RSSI
	Possible
	Low 
	Low
	Definition of RSSI
Measurement triggering and reporting
gNB coordination on IMR configuration and measurement results

	L1-SINR
	Possible
	Medium
	Low
	Reusing the L1-SINR framework (being developed in eMIMO)
gNB coordination on IMR configuration and measurement results

	CQI 
	Possible
	High
	Low
	Reusing existing CQI framework with some enhancement, e.g. independent triggering of CMR and IMR.
gNB coordination on IMR configuration and measurement results



SRS-RSRP and RSSI based UE-UE CLI measurement [5]
Table 1 SRS-RSRP and RSSI based UE-UE CLI measurement
	Metrics of CLI
	SRS RSRP
	RSSI

	Measurement RS overhead
	High
	Low (Or no RS is required)

	Measurement resources overhead
	High
	High

	Interfering UE can be identified or not
	Yes
	No

	CLI measurement information
	Precise
	Coarser

	Measurement complexity
	High
	Low

	Xn/backhaul signaling overhead 
	High
	Low

	Timing alignment
	Strict synchronization
	Not required

	Measurement duration
	Long-term
	Short-term/long-term

	Measurement type
	Periodic/semi-persistent
	Periodic/semi-persistent/aperiodic
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