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1. [bookmark: _Toc474161164]Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In RAN1 #90 [1], the following conclusions were drawn:

Agreement:
· 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

In this contribution, we provide our views on cross-link interference measurement in NR.   


2. [bookmark: _Toc474161165][bookmark: OLE_LINK259][bookmark: OLE_LINK260][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK40][bookmark: OLE_LINK258][bookmark: OLE_LINK261][bookmark: OLE_LINK262]Cross-link interference measurement
2.1 CLI management
Based on the previous agreement, SRS-RSRP and RSSI are the candidates for CLI measurement. First, we briefly discuss these two measurement metrics with respect to their usage and UE complexity.
1. SRS-RSRP
In this case, TRP is able to know the RSRP strength of each UE-UE link. With measurement report exchanged among TRPs, coordinate scheduling is thus possible to achieve a better system throughput, e.g. align the transmission direction of UEs if they have strong interference to each other. However, because UE has to identify the SRS sources, it will cause high UE complexity. Moreover, as agreed in RAN1 #90, there is no SRS blind acquisition by the UE required. TRPs should exchange their SRS resources information, and signal to their served UEs. The detailed mechanism should take the signaling complexity and overhead into consideration. Another problem is that the SRS resources from different cells may be partly overlap, truncated SRS sequence design and block-wise concatenation design could be considered for this case.
2. RSSI
For SRS based RSSI, UE does not need to identify the SRS sources, and thus no detailed SRS configurations should be exchanged among TRPs and indicated to UEs. Therefore, RSSI measurement is with lower measurement complexity and signaling complexity than SRS-RSRP measurement. However, UE would only report the power on the given resources. The serving TRP thus only knows if the UE is severely interfered by UEs in other cells or not (i.e. cell edge UE or not). A possible way to use this information is that TRP could schedule the cell edge UE in static slots, which transmission direction is aligned with neighboring cells, and schedule the cell center UEs in dynamic slots. 

Since SRS-RSRP provides much more useful information than RSSI, especially for coordination scheduling, SRS-RSRP should be selected as the CLI measurement metrics. However, considering that SRS-RSRP would cause high UE complexity, SRS-RSRP can be a UE capability. On the other hand, RSSI should also be supported because of its low complexity.
Proposal 1: Support both RSSI and SRS-RSRP. SRS-RSRP can be a UE capability.

2.2 CLI measurement details
For long-term based CLI measurement, we should define a measurement slot. In the measurement slot, all the cells should send or measure SRS. The occurrence of measurement slot should be periodic. Because there is no urgency of the measurement report, a-periodic measurement slot is not necessary. Periodic occurrence can reduce the information exchange among TRPs and keep the CLI measurement procedure simple. It would be even better the SRS locations within a slot stays the same for all the measurement slots. Then the information exchange among TRPs would simply be the period and offset of the measurement slots.
It is worth noting that, for UE-UE interference measurement, if one UE under a cell is instructed to send SRS in the CLI measurement slot, it is possible that not all of the UEs under the cell are configured to transmit SRS. The UEs not configured to transmit SRS could also be indicated to measure the CLI from other cells. 
For short-term based CLI-measurement, using DMRS to measure the CLI with RSSI as the metrics could be considered. If DL DMRS and UL DMRS are designed to have different sequence designs and/or frequency-time patterns, a receiver can measure the interference strength from different transmission directions based on the different sequence designs and/or frequency-time patterns. 

Mutually hearable pattern
One problem of CLI measurement is that how to decide what nodes to send SRS and what nodes to measure SRS in the measurement slot. We could define a function of cell ID, slot number, and symbol number. Each cell applies the function to decide to send or to measure SRS. For example, as shown in Figure 1, with proper function design, all cells can have the opportunity to hear each other. 
[image: ]
Figure 1 Mutually hearable pattern

Proposal 2: A mutually hearable pattern is applied for CLI measurement.

SRS-RSRP
Obviously, the complexity of SRS-RSRP depends on the number of SRS configurations that a UE is configured by the TRP to measure. It is necessary to limit the number of SRS configurations indicated to UE. A possible way to reduce the number of SRS configurations is to first identify the strong interfering cells, and then UE is configured to measure the SRS resources of those cells. As stated above, the measurement could be a two stage mechanism, the first stage is for cell-level interference differentiation, and the second stage is for UE-level interference differentiation. For example, in the first stage, each TRP would configure a cell-specific SRS sequence with block-wise sequence design for its served UEs, and TRP would configure UEs to measure the above cell-specific sequences over every block and report a single RSRP for each cell-specific sequence to represent the interference from the cell. In the second stage, TRP reduce the number of cell to measure for each UE, and go into details like the frequency, comb, and cyclic shift to differentiate UE-level interference. For the signaling mechanism, TRP could configure limited number of possible SRS configurations to measure for each UE through RRC layer, and then indicate a subset of SRS configurations through DCI every measurement slot. On the other hand, because the SRS configurations need to be exchanged among TRPs and be configured to UEs for measurement, considering the latency, the SRS configuration for transmission should be semi-static. That is, for a UE configured to transmit SRS for CLI measurement, the transmitted SRS resource should be fixed for a long period.
Proposal 3: TRP configures limited number of SRS configurations to measure for each UE through RRC layer, and indicate a subset of SRS configurations through DCI every measurement slot.

RSSI
SRS based RSSI can use the same SRS configurations as SRS-RSRP, and each UE could be configured with a measurement type parameter (SRS-RSRP or RSSI) from RRC layer to perform different type of measurement. Specifically, TRP still configures UE to transmit SRS and exchange the information as for SRS-RSRP measurement, but does not indicate detailed SRS configurations to the UEs with RSSI reporting type. RSSI reporting from UE can make TRP know if the UE is a potential victim to UE-UE interference or not. Moreover, based on the mutually hearable pattern shown in Figure 1, TRP may also know which cell or cell groups cause the strong cross-link interference, and that is useful if further SRS-RSRP measurement is performed to get UE-level interference differentiation. For example, if TRP knows which cell groups would cause strong interference to a UE, it can reduce the number of SRS configurations to measure for the UE.
Proposal 4: UE is configured with a measurement type parameter (SRS-RSRP or RSSI) from RRC layer to perform different type of measurement.

Avoid DL transmission interference
If the SRS resource is interfered by DL transmission, the accuracy of SRS-RSRP will degrade and also the RSSI measurement may become useless. To make UE measure the uncontaminated cross-link interference, DL transmission rate matching around SRS should be supported. For example, as shown in Figure 2, UE1 is served by TRP1 and UE2 is served by TRP2. To support UE-UE interference measurement, TRP1 and TRP2 should first exchange the timing of CLI measurement slots. If TRP2 decide to have UE2 measure the cross-link interference, TRP2 then informs UE2 the occurrence of ZP SRS. Thus, UE2 can measure the SRS from UE1 without DL interference from TRP2. 


Figure 2 TRP rate matches with ZP SRS for UE-UE interference measurement

Proposal 5: Support DL transmission rate matching around SRS.

3. [bookmark: _Toc474161178]Conclusion
In this contribution, we provide our views on cross-link interference measurement in NR. We have
Proposal 1: Support both RSSI and SRS-RSRP. SRS-RSRP can be a UE capability.
Proposal 2: A mutually hearable pattern is applied for CLI measurement.
Proposal 3: TRP configures limited number of SRS configurations to measure for each UE through RRC layer, and indicate a subset of SRS configurations through DCI every measurement slot.
Proposal 4: UE is configured with a measurement type parameter (SRS-RSRP or RSSI) from RRC layer to perform different type of measurement.
Proposal 5: Support DL transmission rate matching around SRS.
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