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1. Introduction
In 3GPP RAN1 #90 meeting, the following agreements on SRS-RSRP and RSSI based CLI measurement were achieved [1]:
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 will present our views on SRS-RSRP and RSSI based UE-UE CLI measurement. Specially, we also present some views on measurement SRS resources configurations and the measurement results reporting. Besides, discussion on backhaul information exchanged among multiple cells for CLI management can be found in our companion contribution R1-1900409[2]
2. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]SRS-RSRP and RSSI based UE-UE CLI measurement
[bookmark: OLE_LINK21][bookmark: OLE_LINK20][bookmark: _GoBack]In the RAN1 #90 meeting, the definitions of SRS-RSRP and RSSI metrics for CLI measurement were agreed. First, if SRS-RSRP based UE-UE CLI measurement is applied, it requires interfered UEs to detect the measurement SRS sent from the interfering UEs. An interfered UE needs to identify each interfering UE via SRS configurations and get the corresponding CLI level. Then the interfered UE reports the set of CLI levels to its serving TRP. Further, the serving TRP exchanges the reported measurement information to the adjacent TRPs via Xn/backhaul signaling. Hence, the adjacent TRPs could know the UE/UE group ID which generating severe CLI according to the SRS configurations directly and use some coordination schemes to avoid allocating the same resources to the interfering UEs for UL transmission.  In indoor or small cell scenario, the long-term CLI characteristic will not change rapidly due to the slow movement of the UEs. Thus, long-term periodic CLI measurement is more fit for this use case.
When the RSSI based UE-UE CLI measurement is applied, the interfered UE can obtain the total CLI strength of the interfering UEs on the particular configured measurement resources. Compared to the SRS-RSRP based CLI measurement, the RSSI based CLI measurement can be used to acquire instantaneous or aperiodic CLI level with lower measurement complexity and signaling exchange complexity. Howerver, it is difficult to know the CLI level between each interfering UE and interfered UE pair.  In our opinion, if long-term CLI measurement is configured and the measurement SRS resources are allocated, SRS-RSRP based has higher priority as it has higher accuracy of CLI measurement.
According to the above discussion,  the comparison between SRS-RSRP and RSSI based UE-UE CLI measurement are summarized in Table 1:
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


[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Thus, considering different CLI management requirements, we have the following proposal:
Proposal 1: Support both RSSI and SRS-RSRP based UE-UE CLI measurement.
3. SRS-RSRP based UE-UE CLI Measurement 
3.1 Discussion on SRS configuration 
In this subsection, we mainly discuss SRS-RSRP based CLI management mechanism. In order to minimize specification impact, NR SRS should be reused for SRS-RSRP based UE-UE CLI measurement as much as possible. That is, the CLI measurement SRS configurations should be a subset of existing NR SRS. However, in the existing specification, the usage of one SRS resource set can only be set to “Beam Management”, “Antenna Switching”, “Codebook” or “NonCodebook”. In addition, different restrictions are defined in the specification for the different usages of SRS resource set.  For example, only one SRS resource set can be configured when higher layer parameter SRS-SetUse is set to “Codebook” or “NonCodebook”, but more than one SRS resource sets can be configured when higher layer parameter SRS-SetUse is set to “Beam Management” or “Antenna Switching”. Considering the SRS resource set for CLI measurement should be distinguished from the other usages, we have the following proposal:
Proposal 2: To reuse  SRS resource set for CLI measurement, the higher layer parameter SRS-SetUse can be set as “CLI measurement”.
The UE can be configured with one or more SRS resources to measure UE-UE CLI. The SRS parameters configurations (including time domain behavior, bandwidth, frequency hopping, time/frequency resource configuration, sequence, port, numerologies, etc.) for UE-UE CLI measurement can be configured by higher layer signaling. In addition, the triggering mechanism of NR SRS resource set can be reused. That is, the periodic CLI measurement can be configured by RRC signaling; the semi-persistent CLI measurement is activated/deactivated by MAC CE; and the aperiodic CLI measurement is triggered by DCI.
Proposal 3: For SRS resource set with the usage as CLI measurement, the triggering mechanism of NR SRS resource set can be reused.

3.2 Discussion on SRS resources based joint transmit/receive mechanism
For SRS-RSRP based CLI measurement, not only resource configuration  for SRS transmission is required, but also corresponding measurement  configuration is needed. That is, a UE needs to know the time-frequency resources where to transmit SRS and where to receive SRS from UEs of other cells. Herein, we present a joint CLI measurement mechanism through SRS resource configuration, for long-term periodic/semi-persistent CLI measurement.
In current specification, the UE only transmit SRS resources within the configured time-frequency resource. In terms of the joint transmit/receive mechanism, the transmit or receive states corresponding to the SRS resources can be indicated by a new higher layer parameter. For example, for one SRS resource set with 3 SRS resources and a corresponding 3-bit bitmap as “110”, then the states of the 3 SRS resources is “[transmit transmit receive]”. That is, some SRS resources can be reused to perform the CLI measurement. Thus, based on the certain coordination information (e.g. the SRS resource configuration and bitmap configuration information) exchanged among neighboring TRPs, within the configuration period of the SRS resource set, all the UEs/UE group of multiple cells can perform CLI measurement simultaneously. This mechanism can reduce the Xn/backhaul signaling overhead, as only the SRS configuration information needs to be exchanged among TRPs.
Fig 1 aims to present this mechanism more clearly. Assume that there are 3 neighboring TRPs and one UE group in each TRP are to be measured. In this case, only one CLI measurement SRS resource set with 3 SRS resources is configured for each UE group. The time domain behavior of this SRS resource set is periodic/semi-persistent. All SRS resources within one set are configured with the same periodicity. Specifically, for each SRS resource only one OFDM symbol is configured. For different UE groups among neighboring TRPs the time-frequency resources of the SRS resource set and the slot offset configuration  are consistent. Within a SRS resource set, the transmit or receive state of the symbols corresponding to the SRS resources can be indicated by a 3-bit bitmap. In Fig 1, for UE group 1 served by TRP1, if the 3-bit bitmap set to “110”, this refers to that the UE group 1 will transmit the first and the second SRS resource, and do the operation of measurement at the resource corresponding to the 3rd SRS resource. Meanwhile, through network coordination, the bitmaps of the UE group 2 and UE group 3 will  set as “101” and “011”, respectively.


Fig 1.  SRS resources based joint transmit/receive mechanism
Besides, considering the switch time between transmit and receive, a guard period (GP) of Y symbols between any two SRS resources is needed, specially for the case that the SRS resources of a SRS set are transmitted in the same slot. The value of Y corresponds to the numerology of the system, and the minimum value is 1. Also, note that the GP can avoid the timing misalignment.
Hence, we have the following proposal:
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.
4. RSSI based UE-UE CLI Measurement 
For RSSI based CLI measurement, the dedicated RS configuration may not be needed. Specifically, CLI can be measured on some blank REs, e.g., the REs configured by high layer parameter RateMatchPattern and ZP-CSI-RS resource. Reuse the existing configuration can minimizes the spec impact.
As shown in Fig 2, the resources corresponding to RateMatchPattern can be configured with RB-Symbol level. When the TRP knows that the transmission direction is different from other TRPs through intended DL/UL transmission direction configuration, the TRP can indicate the interfered UEs to perform the RSSI based CLI measurement in the OFDM symbols configured by RateMatchPattern. Note that the SRS-RSRP based CLI measurement can also be performed in the RateMatchPattern but with much overload of signaling design. In terms of RSSI based CLI measurement, the RateMatchPattern can be reused as measurement resources by TRP indication directly.


Fig 2. Reuse RateMatchPattern for RSSI based CLI measurement
As shown in the Fig 3, the resources corresponding to ZP CSI-RS resources are configured with RE level. However, according to the definitions of the CLI RSSI, the ZP CSI-RS resources cannot be reused for measurement resources directly. But considering reusing this part of the resources can improve resource utilization, we consider redefining the CLI RSSI to L1-RSSI.
Definitions of L1-RSSI:
· The linear average of the total received power observed only in certain REs of measurement time resource(s), in the measurement bandwidth, over the configured resource elements for measurement by the UE. The certain REs refer to the time-frequency resources which configured with the ZP CSI-RS or RateMatchPattern.


Fig 3. Reuse ZP CSI-RS resources for L1-RSSI based CLI measurement
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.
5. CLI Measurement Results Reporting
For both SRS-RSRP and RSSI based CLI measurement, UEs are required to report the measurement results to the TRP. Then the serving TRP exchanges the reported measurement information to the adjacent TRPs via Xn/backhaul signaling if needed. 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.
For the methods 1)-3), the interfered UE should report the specific measurement values. In order to reduce the reporting overhead, the differential reporting can be used. For example, if the interfered UE is configured to reported the largest one CLI value, the reported CLI values can be defined by a 7bits value in the range [-140,-44] dBm or [-160, -64] dBm with 1dB step size. If the interfered UE is configured to reported more than one CLI values, the interfered UE can use differential reporting, where the largest measured CLI value is quantized to a 7bits value in the range [-140,-44] dBm or [-160, -64] dBm with 1dB step size, and the differential CLI value is quantized to a 4bits value. The differential CLI value is computed with 2 dB step size with a reference to the largest measured CLI value. The mapping between the reported CLI value and the measured quantity can refer to the LI-RSRP mapping method.
For the method 4), the interfered UE does not report the specific measurement values. The UE could only reports 1 bit to reflect the measured CLI level larger than the pre-defined threshold values whether or not. For example, if the measured CLI value is larger than the pre-defined threshold values, this 1 bit takes a value of “1”; otherwise this 1 bit takes a value of “0”. Alternatively, if the measured CLI value is smaller than the pre-defined threshold values, the UE can does not need to report the measurement results.
Proposal 6: Considering the proposed CLI reporting mechanisms. FFS how to reduce the reporting overhead, e.g. differential reporting.
6. Conclusion
In this contribution, we have presented some discussions on UE-UE cross-link interference management. The following proposals are given:
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 1: Support both RSSI and SRS-RSRP based UE-UE CLI measurement.
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.
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.
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.
Proposal 6: Considering the proposed CLI reporting mechanisms. FFS how to reduce the reporting overhead, e.g. differential reporting.
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