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1. Introduction

In RAN1 #90 meeting [1] extensive discussions were occurred regarding UE-to-UE CLI measurement for potential cross-link interference management schemes and the following agreements were captured:
Agreements:

· TRP-to-TRP measurement is not specified in NR Rel-15 (i.e., left to NW implementation)
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
This contribution discusses CLI measurement for duplexing flexibility in the context of NR design, particularly focusing on specification impacts and detailed procedures of UE-to-UE CLI measurement and reporting.
2. Discussion

2.1. UE-to-UE CLI measurement and reporting
As agreed in RAN1 #90 meeting, the SRS-RSRP can be used as one candidate measurement metric for UE-to-UE CLI measurement, particularly based on existing SRS configurations. Potential issues with SRS-RSRP, however, are as follows. First of all, if SRS-RSRP is measured to differentiate UEs, the measurement complexity and burden on a victim UE is considerable. Particularly, if timing between DL signal from serving gNB and SRS signals among aggressor UEs are not aligned, detection quality of SRS for each UE would be considerably degraded, and thus the measurement results may not be so useful for duplexing flexibility. To minimize the overhead and also address timing issue, the idea of configuration of additional UE-group SRS transmission was also proposed where a UE may not identify each interference link between two UEs. Rather, a UE measures ‘aggregated’ RSRP from multiple UEs. However, still, the performance aspects of aggregated RSRP in case of different TAs among UEs require further investigation. Furthermore, the benefit of the aggregated RSRP compared to RSSI where RSSI IMR configuration can be also used to differentiate a group of UEs or different TRP is not clear either. 
Proposal 1: 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 RSRP based CLI measurement. Also, the benefits of SRS-RSRP in spite of UE measurement burdens still needs further justification. 
On the other hand, RSSI would simplify the CLI measurement, although it may not give the information about identities of aggressor UEs. For RSSI, interference measurement resource (IMR) can be a potential technique for UE-to-UE CLI measurement and the RSSI can be used for the measurement metric. Using the IMR, the victim UE only measures aggregated interference from aggressor UEs by linear averaging the total received power observed in the measurement resource elements. Compare to the RSRP, RSSI based UE-to-UE measurement has relatively low UE complexity because the UE does not need to identify other aggressor UEs and the measurement can be done for aggregated interference from multiple UEs not separately per UE. To reduce UE complexity and specification impact, therefore, at least RSSI can be considered for the UE-to-UE CLI measurement. When needed to differentiate TRPs or a group of UEs from another group of UEs, multiple IMR configurations can be also considered where each IMR configuration is mapped to one group of UEs or TRP. In this sense, even with RSSI measurement with appropriate IMR configurations, necessary identifications such as identifying aggressor TRP or aggressor group of UEs can be achieved without increasing UE burden on the measurement significantly. In this sense, we propose the followings:
Proposal 2: For UE-to-UE CLI measurement, at least RSSI can be considered as measurement metric in NR to reduce the complexity (e.g., UE detection complexity, limitation of SRS resources, asynchronous issues)and specification impact. Support configurations of multiple IMR configurations where each IMR is associated with one identifier (e.g., TRP).
RSSI based CLI measurement among multiple UEs in different cells requires coordination of measurement signals of multiple gNBs because UE in one cell should observe the aggregated measurement signals which transmitted from other UEs in other cells. In this sense, configuring individual IMR for each UE-to-UE pair may not be efficient as individual UE-to-UE interference level and scheduling between two UEs change dynamically whereas measurement overhead is significant. Therefore, more efficient configuration should be considered for reducing control overhead such as cell-common and/or group-common SRS and/or measurement resource configuration. For example, cell-common and UE group-common IMR can be configured to the UEs in one serving cell and they can measure the aggregated UE-to-UE CLI on the measurement resource. In terms of IMR configuration, either it can be configured in the resources for intended UL resource of an aggressor cell or the aggressor cell or may indicate IMR configuration based on allocated SRS configurations of the aggressor UEs. Either way, the IMR configuration information also can be exchanged among gNBs and then gNB can decide the IMR configuration considering the adjacent gNB’s information to avoid overlapped IMR resources for accurate CLI measurement [2] (e.g., intended DL/UL transmission direction configuration, fixed DL/UL transmission direction configuration, resource allocation information, etc.). 
Proposal 3: To configure IMR resources for a UE,  

· Between gNBs/TRPs, configuration (e.g., time/frequency location 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. 
If cell-common and/or group-common measurement resource element is considered for UE-to-UE CLI measurement, a UE may measure aggregated interferences from UEs of each gNB for different gNBs. To support this, measurement resource elements for UE-to-UE CLI needs to be configured separately per gNB which needs to be differentiated from measurement resource for interference measurement from gNBs. 
Furthermore, the network can assign measurement resources in different sub-bands where each sub-band (and/or a set of sub-bands) may be associated with different aggressor UE (or a set of UEs). As mentioned above, the aggressor UE does not need to know the sequence and RE mapping information of measurement resource elements of the victim UE. This however would require a UE to report sub-band RSSI instead of wideband RSSI which may cause reporting overhead. Not to increase the reporting overhead too much, the worst 1 or worst M may be reported where sub-band index can be also reported with RSSI measurements. From UE’s perspective, victim UEs can report measurement results by estimating (average or instantaneous) RSSI on measurement resource to utilize to avoid severe UE-to-UE CLI by the scheduling and coordination techniques as mentioned above. 
It is also noted that not all UEs have to measure and report UE-to-UE CLI measurements based on RSSI as some UEs may not experience interference too much. In that sense, any refinement of RSSI may not be attempted until the UE is identified as victim UE which can be first identified by wideband RSSI (or coarse RSSI) measurement. After that, finer measurements or even RSRP measurements can be attempted for the victim UE. In other words, different measurements may be done for identifying victim UEs and measuring actual interference levels and interfering UEs.. 
Proposal 4: 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 5: 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. 
In terms of measurement reporting, there are tradeoff between reporting overhead (e.g., periodicity and/or quantity and/or quality) and system performance. Similar to current RSRP/RSRQ reports, some events driven reports need to be considered for UE-to-UE CLI measurement reporting with low complexity as well. One simple example is that the UE would report RSSI measurement information to serving gNB only if the measurement result exceeds a certain pre-defined threshold value to reduce the reporting overhead.
3. Conclusions

In this contribution, we discussed aspects of UE-to-UE CLI measurement and reporting for duplexing flexibility. Based on the above discussions, our proposals are given as follows:
Proposal 1: 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 RSRP based CLI measurement. Also, the benefits of SRS-RSRP in spite of UE measurement burdens still needs further justification. 
Proposal 2: For UE-to-UE CLI measurement, at least RSSI can be considered as measurement metric in NR to reduce the complexity (e.g., UE detection complexity, limitation of SRS resources, asynchronous issues)and specification impact. Support configurations of multiple IMR configurations where each IMR is associated with one identifier (e.g., TRP).
Proposal 3: To configure IMR resources for a UE,  

· Between gNBs/TRPs, configuration (e.g., time/frequency location 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 4: 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 5: 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.
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