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1. [bookmark: _Toc474161164]Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In RAN1 #89 [1], the following conclusions were drawn:

Agreements:
· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering UE-to-UE interference 
· Details for the enablers, including:
· detailed configurations (RS time/frequency positions, periodicity, # of ports, bandwidth, etc.)
· detailed reporting 
· performance metrics
· long-term and/or short-term
· timing offset considerations
· overhead
· whether or not to identify the aggressor(s)
· whether or not to use the same framework as in MIMO (if so, how)
· Aim to make a decision whether or not to support CLI management using an existing RS covering UE-to-UE interference in the next RAN1 meeting and if so, the details
· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering TRP-to-TRP interference 

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 RS configuration
To support cross-link interference measurement, it is desirable to use existing RS as a starting point, e.g. CSI-RS for TRP-TRP interference measurement, and SRS for UE-UE interference measurement. 
Proposal 1: Support CSI-RS for TRP-TRP interference measurement and SRS for UE-UE interference measurement.
Before deciding the RS time/frequency positions, it is necessary to figure out if NR should have CSI-RS and SRS co-design or not. To keep symmetry of DL and UL in NR, CSI-RS and SRS co-design would be a better option, where CSI-RS and SRS have the similar time/frequency position, pattern, and sequence design. We provide our views in [2]. On the other hand, if NR does not support CSI-RS and SRS co-design, to enable CLI measurement, the following alternatives could be considered:
Alternative 1: Enable UE to rate match with ZP CSI-RS and TRP to rate match with ZP SRS.
This is a simplest way to fulfill the CLI measurement. The idea of this method is to make TRP or UE measure the uncontaminated cross-link interference. For example, as shown in Figure 1, 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 with ZP SRS from TRP2. Similarly, Figure 2 shows that, when TRP1 wants to measure the CSI-RS from TRP2, it can inform UE1 to rate match with ZP CSI-RS. The only additional requirement of this method is the control signal to inform UE the configuration. In [3], there is proposal for zero RS power.


Figure 1 TRP rate matches with ZP SRS for UE-UE interference measurement



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

Alternative 2: Enable UE to transmit CSI-RS or TRP to transmit SRS.
Figure 3 shows an example that TRP is able to transmit SRS. TRP2 is transmitting SRS to UE2, and UE1 is transmitting SRS to TRP1. If good cross-correlation property holds between the SRS from TRP2 and UE1, UE2 can measure the desired signal channel and UE-UE interference at the same time; TRP1 is able to measure the UL channel and TRP-TRP interference. Similarly, if UE is able to transmit CSI-RS, as shown in Figure 4, both TRP1 and UE2 are receiving CSI-RS from TRP2 and UE1. If some orthogonality holds between the CSI-RS from TRP2 and UE1, TRP1 and UE2 are able to measure the desired signal channel and CLI. Since there may be too many UEs in the network, to keep orthogonality, UE specific CSI-RS is not feasible. Thus, the CSI-RS from UE should also be cell specific, and the information of which device sends the CSI-RS should be exchanged among TRPs. For example, in Figure 3, when measuring CLI, UE2 does not know the SRS is from TRP1 or UE1. UE2 just reports the interference strength and the cell specific scrambling sequence to TRP2, and TRP2 can figure out that the interference is from UE1 based on the information from TRP1 and make its scheduling strategy. [4] also proposes a design that UE is able to transmit CSI-RS.



Figure 3 TRP is configured with SRS transmission for CLI measurement.



Figure 4 UE is configured with CSI-RS transmission for CLI measurement.

Proposal 2: Decide whether to support CSI-RS and SRS co-design. If not supporting, the following alternatives can be considered:
Alternative 1: Enable UE to rate match with ZP CSI-RS and TRP to rate match with ZP SRS.
Alternative 2: Enable UE to transmit CSI-RS or TRP to transmit SRS.

In [5], we demonstrate the possibility of using SRS as busy tone in sensing scheme if the SRS is in the front of a slot. An example is shown in Figure 5. Thus, we have 
Proposal 3: Support SRS to be configured in the front of a slot.



Figure 5 SRS is as busy tone in sensing based scheme.
2.2 Measurement report
Next, we need to figure out what information should be contained in the measurement report and how the measurement report could be used to mitigate the CLI. There could be two options for the measurement report:
1. UE identifies aggressors and reports the corresponding RSRP.
In this case, TRP could 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. However, this implies that UE should have the ability to identify all the SRS sources. Based on whether the SRS is resource specified or not, UE needs different information to separate the signal from different SRS sources (i.e. UEs under other cells). For the case that SRS is not resource specified, the TRP should inform its UEs about the configured SRS resources (i.e. root sequence, cyclic shift, comb number, frequency location) from different UEs in other cells. This also implies that TRPs should exchange those SRS resources information. The UE side then follows the indication from serving TRP to measure each SRS and report the RSRP. On the other hand, if the SRS is resource specified, on each “block” (a pre-defined minimum resource for SRS), UE can blindly detect all the possible sequences (e.g. root sequence, cyclic shift, comb number) without any additional information from TRP. After measuring the RSRP from different sequences on each block, the measurement report from UE can contain the sequences and the corresponding RSRPs on each block, where the RSRP should above a given threshold, or the measurement report can contain the strongest nth sequences and corresponding RSRPs on each block. The serving TRP could forward the measurement report to the neighboring TRPs via backhaul or OTA signaling. The neighboring TRP can then know which UE would cause strong CLI from the sequences and RSRPs. It can schedule the UE on resources that can avoid CLI to other cells. Certainly, if TRPs could exchange information of the SRS sequence (e.g. the root sequence ID, which cyclic shifts will be used) to restrict the possible combination, it is helpful to reduce the number of blind detections on UEs.
2. UE measures and reports the overall power on interference SRSs.
In this case, UE does not need to identify the SRS sources or do any blind detection. UE only reports the interference 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). The TRP could schedule the cell edge UEs in static slots, where no cross-link interference exists, and schedule the cell center UEs in dynamic slots.

In current phase, to simplify the procedure, we could consider that UE measures and reports the overall power on interference SRSs as baseline.
Proposal 4: UE not required to identify the aggressor can be used as baseline.

2.3 Short-term and long-term measurement
For long-term based CLI measurement, we should define a measurement slot. In the measurement slot, all the cells should send or measure CLI RS. 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 CLI RS 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 measures the CLI from other cells. 
Proposal 5: For long-term CLI measurement, the occurrence of measurement slot should be periodic. It would be even better the RS locations within a slot stay the same for all the measurement slots.

The long term CLI measurements reported from UEs can be made useful by their serving cells. For example, if from a UE’s report, the base station identifies it may suffer from severe CLI, the base station can choose to always schedule the UE in slots with aligned transmission direction with neighboring cells. The reported CLI measurements can be also exchanged among base stations, a base station say BS1 can inform another that one of its UEs generates severe CLI to UEs with BS1. In general, long term CLI measurements are expected to be useful for network coordination.
Evaluations from multiple companies have shown that LBT can be useful in mitigation CLI. One enabler of the LBT technology is short term CLI measurement. For short-term based CLI-measurement, the following options could be considered: 
The first option is using DMRS to measure the CLI. 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. As we discussed previously, actually there are benefits in having a common design between DL DMRS and UL DMRS.   
The second one is considering co-design of SRS and CSI-RS, and using the same resource pool for SRS and CSI-RS. That is, when a UE receives CSI-RS, it could also have the ability to measure the SRS from other cells. The reporting CSI is then automatically taking CLI into consideration.  On the other hand, when TRP receives SRS, the CSI-RS from other cells can also be measured by the TRP.


3. [bookmark: _Toc474161178]Conclusion
In this contribution, we provide our views on cross-link interference measurement in NR. We have
Proposal 1: Support CSI-RS for TRP-TRP interference measurement and SRS for UE-UE interference measurement.
Proposal 2: Decide whether to support CSI-RS and SRS co-design. If not supporting, the following alternatives can be considered:
Alternative 1: Enable UE to rate match with ZP CSI-RS and TRP to rate match with ZP SRS.
Alternative 2: Enable UE to transmit CSI-RS or TRP to transmit SRS.
Proposal 3: Support SRS to be configured in the front of a slot.
Proposal 4: UE not required to identify the aggressor can be used as baseline.
[bookmark: _GoBack]Proposal 5: For long-term CLI measurement, the occurrence of measurement slot should be periodic. It would be even better the RS locations within a slot stay the same for all the measurement slots.
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