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1. Introduction
NR support duplexing flexibility in both paired and unpaired spectrum. Rel. 15 provides the flexibility in selection of transmission direction by introducing large number of slot formats. Moreover the flexible symbols in slot format can be indicated UE specifically. This enables the flexible duplexing but as per study, the gain will be realized if cross link interference (CLI) is mitigated. In Rel. 15, initial agreements were made regarding UE-UE CLI mitigation. Important agreements are as below,

Agreements:
· For CLI management, support UE-to-UE interference measurement and reporting without the introduction of new RS(s)
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

In Rel. 16 WID on CLI handling [1], following objectives are set.

The detailed objectives for cross-link interference mitigation to support flexible resource adaptation for unpaired NR cells are: 
· Specify cross-link interference measurements and reporting at a UE (e.g., CLI-RSSI and/or CLI-RSRP) [RAN1, RAN2, RAN4] 
· Specify network coordination mechanism(s) including at least exchange of intended DL/UL configuration [RAN1, RAN3]
· Perform coexistence study to identify conditions of coexistence among different operators in adjacent channels [RAN4]
· Target no or very minimal impact on RF requirement

Note: Measurement and coordination mechanisms should be applicable to IAB nodes. 
This contribution discusses on enabling techniques for UE-UE CLI measurement and reporting.

2. UE-UE CLI measurement types

[image: ]

Fig 1. UE-UE CLI illustration 

As shown in Fig 1, if the neighboring gNBs have UEs which are configured in opposite direction and sharing the same resources, then CLI occurs. CLI strength depends on the UE-UE distance, beam forming direction, Tx power, scheduling etc. To avoid the considerable CLI for UE 1 and UE 2, gNB 1 and gNB 2 should co-ordinate among the each other. It will be beneficial for gNBs to have some prediction of CLI for such UEs. As mention in above Rel. 15 agreements, RSRP and RSSI based CLI measurement are considered for UE-UE CLI. 
CLI measurement can be long term CLI which provides the average strength of CLI given that all the parameters affecting like scheduling, beam management, link adaptation, Tx power kept same. On other hand, CLI can be measured instantaneously which provides the short time channel effect due to CLI.  Both long term and short term measurement are useful in mitigating UE to UE CLI, and shall be standardized in Rel. 16.
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Observation 1: Long term CLI and short term CLI measurement will be beneficial for CLI mitigation. 

In Rel.15, SRS-RSRP is defined as mentioned in above section. In this case, SRS resources are configured for CLI measurement between UEs and calculated CLI can be reported back to gNB. Such measurement will give an average effect of CLI from specific UE or group of UEs. 

Proposal 1: At least SRS is considered for short term CLI measurement. 

3. CLI Reference signal (CLI-RS) design
SRS can be reused for CLI-RS with minimum modifications. 

a. SRS for CLI: SRS is configured for UE for UL CSI measurement and link adaptation. This can configured for CLI measurement. One of the configured SRS resources or new SRS resources can be used for this purpose. Aperiodic SRS is preferable as CLI measurement is done as when it is required. SRS configurations can be restricted to few configurations from the possible configurations to reduce the UE complexity and control overhead. This can be done by restricting the values of CSRS, BSRS, b-hop, transmission comb, sequence generation parameters etc. SRS configuration used at Tx UE is to be known to RX UE in case of RSRP calculation. Therefore Rx UE need to be conveyed the SRS configuration for CLI measurement by its gNB. This need some network co-ordination mechanism discussed in our companion paper [3]. 

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. 


b. CSI-IM configuration at Rx UE:  CSI-IM resource can be configured at Rx UE over which Rx UE (e.g. UE 1 in fig 2) receives the SRS resource for CLI measurement. This will avoid the DL interference over the CLI resources. Moreover, it is easy to convey the CLI resource to Rx UE in terms of the CSI-IM resource. 

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

In Rel. 15, CSI-RS resource for channel measurement is resource-wise associated with a CSI-IM resource by the ordering of the CSI-RS resource and CSI-IM resource in the corresponding resource sets. This limits the use of CSI-IM for CLI measurement. This limitation need to be removed by removing this dependency for CLI case. 
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.

4. Different timing advances between DL and SRS reception at Rx UE
Due to the propagation delay between UEs, timing offset of cross link interference and desired reception will be different. Because of this, CLI-RS reception is asynchronous if cross link timing advance (TA) is ignored. This might affect the CLI measurement complexity and degrade the CLI measurement performance. To avoid this, the multi-TA scheme should be considered to meet the cross link synchronization requirement. But this kind of solution will be difficult and may increase the UE complexity.
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Fig. 2 Repetition of SRS over multiple symbols for asynchronous detection using one symbol CSI-IM

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. 


5. Conclusion

Following observations and proposals are made in the contribution.
[bookmark: __DdeLink__4889_13414035891]Observation 1:Long term CLI and short term CLI measurement will be beneficial for CLI mitigation. 

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 control over head and UE complexity. 

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

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.
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. 
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