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In NR, two types of cross-link interference (CLI) arise under dynamic TDD operation: UE-to-UE interference and TRP-to-TRP interference, as demonstrated in Figure 1.


[bookmark: _Ref534477243]Figure 1. Illustration of two types of cross link interference (CLI): UE-to-UE and TRP-to-TRP interference
In RAN#82, a WI was approved to specify CLI mitigation techniques to support flexible resource adaptation for unpaired NR cells, where the relevant detailed objectives from RAN1 perspective are [1]
· Specify cross-link interference measurement and reporting at a UE (e.g., CLI-RSSI and/or CLI-RSRP)
· Specify network coordination mechanism(s) including at least exchange of intended DL/UL configuration
This contribution provides our views on UE-to-UE CLI measurement and reporting.
Design Methodology 
During SI phase, various CLI mitigation techniques were studied to support duplexing flexibility in both paired and unpaired spectrum, e.g., CLI mitigation via advanced receiver, scheduling coordination, beam coordination, link adaptation, power control, and sensing, etc. [2]
Most of the mitigation schemes rely on long-term or short-term CLI measurement. Therefore, UE-to-UE CLI measurement is widely regarded as a key enabler for CLI mitigation. Two types of measurement can be applied for UE-to-UE CLI measurement: Layer-3 measurement can be used to capture the long-term CLI profile at a UE. Layer-1 measurement can be used to reflect the instantaneous CLI level.
Considering the limited TUs allocated to this WI, it is desired that the UE-to-UE measurement and reporting mechanisms specified in Rel-16 are based on the existing Rel-15 specification with minimal changes, and further enhancements could be discussed in Rel-17 and beyond.
Proposal 1: Strives to reuse Rel-15 mechanisms and reference signals for CLI measurement and minimize specification impact in Rel-16 CLI WI.
A basic procedure for UE-to-UE measurement and reporting is described as following: 
· Step 1: Network coordinates TRPs on CLI-RS resource and measurement configuration
· Step 2: TRP configures its UE on CLI-RS transmission and CLI measurement
· Step 3: UE transmits CLI-RS and measures CLI according to the configurations
· Step 4: UE reports CLI measurement to its TRP
· Step 5: Network coordinates TRPs for CLI mitigation based on UEs’ reporting
Layer-3 CLI Measurement and Reporting at a UE
To enable CLI mitigation schemes, L3 measurement could be used to profile long-term CLI at a UE. In this section, we discuss the reporting quantity and RS requirements for L3 measurement. Configuration options on CLI measurement and reporting will also be discussed.
CLI measurements
L3 CLI measurement could include measurement on CLI-RSSI, CLI-RSRP, CLI-RSRQ, and CLI-SINR. Since RSRQ and SINR are based on RSSI and RSRP measurements, the following discussion will focus on the comparison between these two basic quantities: CLI-RSSI and CLSI RSRP.
CLI-RSSI comprises the linear average of the total received power (in [W]) observed within the CLI measurement time resources and measurement bandwidth. CLI-RSRP is defined as the linear average over the power contributions (in [W]) of the resource elements of the antenna port(s) that carry CLI-RS within the measurement frequency bandwidth and within the measurement period. CLI-RSSI and CLI-RSRP measurement can be compared in the following aspects:
Measurement complexity:
CLI-RSSI has the lower measurement complexity, because UE only needs to measure the total received power and is not required to detect the CLI-RS. CLI-RSRP measurement, however, is based on the CLI-RS detection. Moreover, CLI-RS sequence indices need to be exchanged among neighboring TRPs so that a UE can properly detect the CLI-RS transmitted by other UEs in neighboring cells. Thus, higher network coordination overhead is required to support CLI-RSRP measurement.
Impact of timing misalignment:
Another drawback for using CLI-RSRP is the impact of timing misalignment among UEs. NR TRP uses timing-advance to control UEs’ UL timing so that when the UL transmission arrives at the TRP it aligns with the DL timing. However, it means that different UEs are configured with different TA values, and the arrival of CLI-RS is not aligned with DL timing at a UE, which is demonstrated in Figure 2. Assuming that TRPs are synchronized, then the timing difference is calculated as (d1 + d2 - d) / c, which is not equal to 0 in general. UE cannot properly measure RSRP without solving the timing misalignment issue. Timing misalignment has less impact on RSSI measurement.


[bookmark: _Ref534642890]Figure 2. Illustration of timing misalignment among UEs.
Measurement granularity:
One benefit of RSRP is that it can achiever finer measurement granularity than RSSI. CLI-RSRP measurement can be conducted separately for individual neighboring UEs. RSSI measurement cannot distinguish interference power from different UEs, and it also includes the DL interference from neighboring TRPs.
Observation 1: RSSI measurement has lower complexity and is less sensitive to timing misalignment between UEs. RSRP measurement allows finer measurement granularity.  
CLI-RS for L3 measurement
To better facilitate L3 CLI measurement, the following requirements are desirable for a CLI-RS: 
· CLI-RS needs to have enough flexibility in time and frequency resource configuration to support both wideband and narrowband CLI measurement. 
· Transmission power of CLI-RS needs to represent the power of PUSCH so that CLI measurement can accurately reflect the CLI level caused by other UEs’ UL transmission. 
· Detection complexity of a CLI-RS should be low to avoid high computational complexity and power consumption at a UE.
Comparing the two UL RSs, UL-DMRS and SRS, defined in Rel-15, we see that UL-DMRS is always tied with a PUSCH transmission, and SRS is not. It means that TRP has to schedule an UL transmission whenever there is a DMRS configured for CLI measurement. On the other hand, SRS has sufficient flexibility in terms of resource configuration. SRS is also more flexible in term of beam management, since different SRS can be associated with different transmit beams, enabling per-beam CLI measurement at a UE. 
As UL-DMRS is transmitted together with PUSCH, its transmission power accurately reflects the power of the UL transmission. For SRS, NR Rel-15 provides an option that SRS’s close-loop power control can follow PUSCH’s power control. However, SRS has higher detection complexity because UE might need extra hardware to detect a ZC sequence, which is not needed in NR Rel-15. In addition, SRS has good PAPR property. Based on the above discussion, SRS is a better choice as the CLI-RS for L3 measurement than UL-DMRS.
Proposal 2: Use SRS for L3 UE-to-UE measurement.
Current SRS configuration framework can be reused for CLI-RS configuration. Both single-port and multi-port CLI-RS can be considered for L3 measurement, however single-port measurement is more desirable for a long-term measurement from complexity consideration. Rel-15 NR supports maximum 4 ports for both SRS and UL-DMRS.
L3 CLI Measurement and reporting configuration
UE could be configured with one or more CLI-RS resource sets. Each CLI-RS resource set could contain one or more CLI-RS resources. A CLI-RS resource could have the following fields: ID, CLI-RS resource mapping, CLI-RS sequence index, measurement frequency band, periodicity, offset, etc. It is desirable to configure a CLI-RS resource with a RX spatial relationship, i.e., a TCI-state, to inform UE which receive beam it could use to measure the RSSI/RSRP of the corresponding CLI-RS.
UE can be configured to report CLI measurement for each CLI-RS resource sets. If each CLI-RS resource set is associated with a neighboring UE, then it enables per-UE CLI measurement and reporting, as shown in Figure 3(a). If each CLI-RS resource set is associated with a CLI-RS transmission beam, then it enables per-beam CLI measurement and reporting, as shown in Figure 3(b).


 		
[bookmark: _Ref534647321]Figure 3. CLI-RS measurement configuration options
UE can be configured to report CLI measurement on a group of CLI-RS resource sets. For example, UE is configured to report CLI measurement based on resource set 1 and 2 in Figure 3(b) as an overall CLI measurement for the neighboring UE1. There are several options for UE to calculate the overall CLI measurement:
· Option 1: UE reports the maximum CLI value of the configured resource sets
· Option 2: UE reports the linear average of CLI values
· Option 3: UE reports the minimum CLI value of the configured resource sets, and UE also reports the corresponding resource set ID.
Layer-1 CLI Measurement and Reporting at a UE
In [3] and [4], we proposed a link adaptation approach based on L1 CLI measurement that emulates the upcoming interference level. The design is illustrated in Figure 4, where
· DCI in slot #n will provide (preliminary) resource allocation for slot #(n+1)
· Based on the resource allocation, DL-RS and UL-RS (e.g., DL/UL DMRS) are transmitted in subsequent symbols
· The RS transmission direction is the same as the scheduled slot #(n+1)’s direction, i.e., if slot #(n+1) is a DL slot, then DL-DMRS is transmitted in slot #n; if slot #(n+1) is an UL slot, then UL-DMRS is transmitted in slot #n.   
· The DL-RS and UL-RS are aligned and are transmitted in colliding symbols 
· The receiver estimates CQI based on the CLI-RS which is used for link adaptation in slot#(n+1)   
It can be seen that the RS transmitted in slot #n emulates the channel and interference condition that slot #(n+1) would experience at the receiver, irrespective of the transmission direction. Also, the scheme is designed for distributed operation without central controller.


[bookmark: _Ref534647096]Figure 4. Link adaptation based CLI mitigation based on emulation
Proposal 3: For L1 CLI measurement, apply the link adaptation scheme based on measurement that emulates the upcoming interference level.
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In this contribution, we presented our view on UE-to-UE CLI measurement and reporting at a UE. Based on the discussion, we have the following observations and proposals: 
Observation 1: RSSI measurement has lower complexity and is less sensitive to timing misalignment between UEs. RSRP measurement allows finer measurement granularity.  
Proposal 1: Strives to reuse Rel-15 mechanisms and reference signals for CLI measurement and minimize specification impact in Rel-16 CLI WI.
Proposal 2: Use SRS for L3 UE-to-UE measurement.
Proposal 3: For L1 CLI measurement, apply the link adaptation scheme based on measurement that emulates the upcoming interference level.
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