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1. Introduction
In RAN1 #90, good progress was made for UE-UE CLI measurement in support of NR duplexing. The relevant agreements are copied as below for reference.  
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 this contribution, we discuss the details of UE to UE CLI interference measurement
2. Discussion
2.1. Usage of SRS-RSRP and RSSI for CLI measurement 
According to the measurement definition agreed in RAN1#90, SRS based RSRP is a new measurement definition where UE is required to measure RSRP based on the SRS transmitted from another UE, which likely to be in a neighbor cell. While current RSSI definition is reused for RSSI based CLI measurement. 
As discussed in [1], SRS-RSRP can be used to identify the potential strong interferer from the neigbor cell for long term based UE to UE  CLI management. For a given UE, if several UEs in the neighbor cells can be found which can potentially cause strong CLI due to strong coupling, the serving cells can perfom coordinated scheduling and aviods the simutaneous scheduling the strong coupled UEs with differnt transmission directions.
RSSI measurement can be used to idenfity the interference level experienced by the UE due to cross link and provide information to the network for making DL scheduling for the UE. As one use case, serving cell can trigger a instantenous RSSI measurement on a blank symbol to test the sorounding interfernce that a UE experiences before schedules the UE in the DL. According to the reported RSSI value, gNB can adjust the DL scheduling strategy for the UE. The complexity of RSSI measurement is much simpler of than a SRS-RSRP thus provide the possibility to obtain instantenous interference condition. 
Proposal 1: 
· Both SRS-RSRP and RSSI have clear usage in terms of UE-UE CLI management (i.e. SRS-RSRP for long term CLI measurement and RSSI for short term CLI measurement) thus should be supported in NR for duplexing flexibility. 

2.2. On UE RSRP measurement for CLI
A UE can be configured with one or multiple resources for measurement of SRS signals from neigbor cell UEs, e.g. one resource represents one neibor cell UE. For a measurement resource, a set of parameters should be provided to the UE for SRS monitoring, including the time and frequency resource, periodicty, paramters to derive SRS sequence, etc. 
From the SRS transmitting UE perspecitve, it follows the serving cell configuration to transmit SRS, the measurement based on the SRS which happens in the neighbor cell UE is transparent to the SRS transmitting UE. gNB can configure a group of UEs to transmit on the same SRS resource including time/frequency/codes, to enable a neighbor cell UE to measure the CLI caused by a group of UEs.
Proposal 2: 
· Explicit configuration of SRS resource including time/frequency/codes is supported where a same SRS resource can be shared by multiple UEs. 
Since the SRS transmission bandwidth may not be large due to the UE maximum power limitation, the accuracy of SRS-RSRP measurement should be guaranteed by averaging of multiple measurement of SRS on the same resource,  i.e. L3 filtering should be applied. For SRS-RSRP report, both periodic trigger and event trigger similar as existing RSRP measurement for mobility should be supported.
Proposal 3: 
· Similar as existing RSRP measurement for mobility,L3 filtering should be supported for SRS-RSRP, both periodic and event trigger of SRS-RSRP report should be supported. 
The SRS configuration information can be exchanged from the neighbor cell using network interface such that the current cell can know which set of resources can be configured to measure neighbor cell UE SRS. The UE then measures the RSRP on each of the configured resource. UE reports the RSRP value for each configured measurement resource to the serving cell, and the serving cell can exchange such information to neighbor cells to enable the coordidnated scheduling. 
Proposal 4:
· The SRS configuration information for SRS-RSRP can be exchanged over Xn interface between neighbor gNBs. 
To further improve the SRS-RSRP measurement accuracy, the DL resource overlapping with the SRS transmitted from the neighbor cell UEs can be blanked. The resource blanking can be achieved by dynamic adjust PDSCH ending symbol in the corresponding slot or by indicating a reserved resource. Both schemes are under discusison in NR control session and no additional handling is required.
Proposal 5:
· 
No additional schemes beyond what has been discussed in control session, i.e. flexible PDSCH starting/ending symbol or reserved resource is required to avoid potential DL transmission interfering the neighbor cell SRS for UE-UE CLI measurement.
The transmission timing of SRS for CLI measurement should be defined. As the typical deployment of duplexing flexibility is synchronous small cell, the timing difference from neighbor UEs is not expected to be larger than the cyclic shift. However, in TDD, in addtion to timing advance, the UL frame timing is further advanced compared to the DL frame timing by a fixed TA_offset to accommodate the Tx power ramping time. The TA_offset in LTE is around 20us and is expected to be reduced to 10us at below 6GHz or 5us at above 6GHz according to the RAN4 input or reducing UL power ramping time. According to the current agreement, UE uses DL frame timing for receiving SRS from neighbor cells UEs, the presence of timing offset at the transmitter side will cause the SRS signal arriving time differnce at the receiver side to beyond the CP, which causes difficulty for the receiving UE to measure SRS-RSRP. To solve this issue, one simple solution is to adjust the SRS timing from the transmitter side by removing TA_offset, which means the SRS transmission for SRS-RSRP measurement uses DL frame timing. The drawback of this solution is that the SRS transmission may overlap with the following transmission immediately after the SRS, either from same or differnt UEs, thus some additional gap is required. 
Proposal 6: 
· 
The transmission timing of SRS for SRS-RSRP measurement purpose follows the DL frame timing.  
2.3. On UE RSSI measurement for CLI
Given this understanding the RSSI measurement reflects the total received power within the UE received bandwidth on the measured OFDM symbols and it can further reflects the total interference signal (including both gNB and UE) if the serving cells blanks the transmission in the resource used for RSSI measurement. Such resource blanking can be achieved by either adjust the PDSCH transmission start and end, or using reserved resource.
The RSSI measurement can be configured such that the interference caused by UE UL transmissions from neighbor cells are captured. The UL transmission from neighbor cell may include PUSCH (data or DMRS part), or SRS. It is up to network configuration of RSSI measurement resource to decide which kind of neighbor cell UL transmission is captured. 
Proposal 7: 

· Network configures RSSI measurement resource to capture a particular interference caused by neighbor cell UL transmission, i.e. PUSCH data, PUSCH DMRS or SRS. No additional scheme is required from the transmitter side.  
Proposal 8: 
· 
No additional schemes beyond what has been discussed in control session, i.e. flexible PDSCH starting/ending symbol or reserved resource, is required  to avoid potential DL transmission interfering the RSSI measurement resource. 
As discussed above, unlike SRS-RSRP which is used for long term measurement, one shot measurement is more useful for RSSI. As one use case, serving cell can trigger a instantenous RSSI measurement on a blank symbol to test the sorounding interfernce that a UE experiences before schedules the UE in the DL. According to the reported RSSI value, gNB can adjust the DL scheduling strategy for the UE. As RSSI is a simple measurement which does not require long processing time compared to CQI computation, the RSSI measurement and report and be triggerd immediately before the gNB intends to schedule the UE for DL transmission. To enable a fast triggering and reporting, a L1 based RSSI measurement triggering can be considered.
Proposal 9:
· NR supports gNB triggered instantaneous RSSI measurement and reporting for CLI
· Consider L1 based RSSI measurement triggering
3. Conclusion
In this contribution, we discuss the UE-to-UE measurement for CLI management, with following proposals. 

Proposal 1: 
· Both SRS-RSRP and RSSI have clear usage in terms of UE-UE CLI management (i.e. SRS-RSRP for long term CLI measurement and RSSI for short term CLI measurement) thus should be supported in NR for duplexing flexibility. 
Proposal 2: 
· Explicit configuration of SRS resource including time/frequency/codes is supported where a same SRS resource can be shared by multiple UEs. 

Proposal 3: 
· Similar as existing RSRP measurement for mobility, L3 filtering should be supported for SRS-RSRP, both periodic and event trigger of SRS-RSRP report should be supported. 
Proposal 4:
· The SRS configuration information for SRS-RSRP can be exchanged over Xn interface between neighbor gNBs. 

Proposal 5:
· 
No additional schemes beyond what has been discussed in control session, i.e. flexible PDSCH starting/ending symbol or reserved resource is required to avoid potential DL transmission interfering the neighbor cell SRS for UE-UE CLI measurement.
Proposal 6: 
· 
The transmission timing of SRS for SRS-RSRP measurement purpose follows the DL frame timing.  
Proposal 7: 

· Network configures RSSI measurement resource to capture a particular interference caused by neighbor cell UL transmission, i.e. PUSCH data, PUSCH DMRS or SRS. No additional scheme is required from the transmitter side.  

Proposal 8: 
· 
No additional schemes beyond what has been discussed in control session, i.e. flexible PDSCH starting/ending symbol or reserved resource, is required  to avoid potential DL transmission interfering the RSSI measurement resource. 
Proposal 9:
· NR supports gNB triggered instantaneous RSSI measurement and reporting for CLI

· Consider L1 based RSSI measurement triggering
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