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RAN4 has received an LS [1] from RAN1 on UE-to-UE cross-link interference (CLI) measurements and reporting. The LS outlines two kinds of UE measurements: SRS-RSRP and CLI-RSSI. In this contribution we are discussing details on SRS-RSRP that have been left for UE implementation, but in our view need to be agreed before meaningful discussions on RRM core and performance requirements can start.
Discussion
The purpose of the SRS-RSRP measurement is to provide information that can be used for mitigation of cross-link interference between UEs that are on the same TDD carrier but are transmitting and receiving according to different overlapping schedules. At least occasionally, one group of UEs (aggressors) is transmitting at the same time as another group of UEs (victims) is receiving. The SRS-RSRP measurement allows the gNB to assess to what extent interference caused by one or more aggressor UEs is picked up by victim UEs. Aggressor UEs are configured to transmit SRS, and victim UEs are configured to conduct RSRP measurements on those SRS resources. 
RAN1 has defined the SRS-RSRP measurement as follows:
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

RAN1 has further made the following agreements:
· The network can configure a UE to monitor up to 32 SRSs, but the maximum number of SRSs to monitor in a slot shall not exceed 8.
· The UE is not required to measure a SRS that uses a different SCS than used in the active DL BWP of the same carrier.
· The UE is not required to perform time tracking or time adjustment other than a constant offset relative to its own DL timing. Deriving the constant offset is up to UE implementation.
· Measurement resources for SRS-RSRP are configured by SRS resource configuration.
· L3 measurement reporting is used for SRS-RSRP.
· The QCL assumption on SRS-RSRP measurements is up to UE implementation.
· Rel-15 functionality for PDSCH rate matching can be applied. Whether UE is required to assume that PDSCH is FDMed with SRS measurement resources is depending on outcome of UE capability discussions.
The RAN1 agreement does not state whether SRS-RSRP is to be carried out in the active DL BWP. If the UE is to conduct measurements outside the active DL BWP, radio reconfigurations may be needed, in turn leading to interruptions and scheduling restrictions for serving cells at least in the same frequency range. Since the purpose of the SRS-RSRP measurement is to assess how the one or more aggressor UEs interfere with the communication to the victim UE, and the communication to the victim UE is carried out over the active DL BWP, we think it would be reasonable to restrict the SRS-RSRP measurement to be carried out in active DL BWP only. Thereby additional interruptions due to SRS-RSRP measurements can be avoided.
Observation 1: If a UE is to carry out SRS-RSRP measurements outside the active DL BWP, it may cause interruptions on serving cells, at least in the same frequency range.
Observation 2: The purpose of the SRS-RSRP measurement is to assess the impact of the interference by aggressor UEs on the communication with the victim UE. The communication to the victim UE is carried out over the active DL BWP.
Proposal 1: SRS-RSRP measurements are carried out within the active DL BWP only.   
Moreover, the RAN1 agreement leaves the QCL assumption to be used for the SRS-RSRP measurement to the UE implementation. Besides indicating which timing reference is to be used, QCL is also implicitly indicating which set of UE Rx beams to be used when receiving the concerned signal or channel. In case the UE would change the spatial filter/active set of UE Rx beams when receiving SRS for the SRS-RSRP measurements, it would cause interruptions and scheduling restrictions on serving cells in the same frequency band due to the by RAN4 agreed hardware limitations in FR2. Again, since the purpose of the SRS-RSRP measurement is to assess how the one or more aggressor UEs interfere with the communication with the victim UE, and the victim UE is using a particular spatial filter/set of Rx beams for reception of PDCCH and PDSCH in this communication, we think it would be reasonable to restrict the SRS-RSRP measurements to be carried out using the same spatial filter/set of UE Rx beams as used when receiving PDCCH and PDSCH on the same carrier. Other QCL assumptions (timing, frequency) can still be left to the UE implementation.
Observation 3: If the UE is changing the spatial filter/set of UE Rx beams during SRS-RSRP measurements, it may cause interruptions on serving cells in the same frequency band.
Observation 4: The purpose of the SRS-RSRP measurement is to assess the impact of the interference by aggressor UEs on the communication with the victim UE. The victim UE is using a particular spatial filter/set of UE Rx beams for reception of the serving cell.
Proposal 2: SRS-RSRP measurements are carried out using the same spatial filter/set of UE Rx beams as used for reception of PDCCH and PDSCH on the same carrier.
Furthermore, the RAN1 agreement states that apart from determining a constant offset between the serving cell DL timing and the UL transmit timing used by aggressor UEs when transmitting SRS, the UE is not expected to track the transmit timing of the aggressors. This implies that UEs – aggressors and victims – that are considered for CLI mitigation are expected to be stationary or nearly so. Further discussions are needed on assumption on spatial distribution of aggressor UEs relative to victim UE, spatial distribution of aggressor UEs relative to the TRP by which they are served, and position of victim UE relative to the TRP by which it is served, before determining suitable propagation channels to be used in the evaluation, and determining the maximum time misalignment that can be expected between serving cell DL timing and aggressor UE SRS transmit timing.
Observation 5: Apart from determining a constant timing offset, the victim UE is not expected to track the timing of the aggressor UE SRS transmissions. This implies stationary or nearly stationary UEs.
Proposal 3:  Static or slowly moving UEs are assumed in the core and performance requirement work. Suitable propagation channels (number of taps, delays, delay spread etc) for the core and performance requirement work are selected after agreeing on applicable scenarios. 
  
  
 

Turning the attention to the SRS configurations to be used by aggressor UEs for facilitating SRS-RSRP measurements, TS 38.214 section 6.2.1 offers large configurability. The SRS configurations include options for frequency hopping and usage of multiple antenna ports, in addition to SRS bandwidth, frequency domain density (transmission comb), time domain density (number of symbols in a SRS resource, repetition), and time domain periodicity. At least for frequency hopping, we do not see a need for supporting this in the initial introduction of the CLI mitigation feature, and we therefore propose that Rel-16 SRS-RSRP measurement requirements are derived under the condition that no frequency hopping is configured.
Proposal 4:  Rel-16 requirements on SRS-RSRP measurements are conditioned on that no frequency hopping is used when aggressor UE(s) are transmitting the associated SRS.
The antenna ports used for SRS transmissions are the same as the ones defined for PUSCH, and there may be 1, 2 or 4 configured for the transmission of SRS. In case of SRS transmission over two ports, two orthogonal SRS sequences are transmitted in the same REs. In case of SRS transmission over four ports, depending on configuration, two or four orthogonal SRS sequences are transmitted in the same REs. For FR2, given the by RAN4 agreed UE hardware limitations, it is reasonable to assume that only one antenna port is used for SRS transmissions for CLI mitigation in Rel.16. For FR1, although multi-port SRS transmission can be supported by UE, we think that information acquired by SRS-RSRP measurements on multiple ports would be challenging to turn into reduction of interference for the victim UE, particularly when the aggressor UE(s) and the victim UE are under different gNBs, with limited possibilities for the gNB serving the victim UE to influence e.g. the precoding used for PUSCH by agressor UE(s). Additionally, SRS-RSRP measurements over multiple ports require more REs than needed for single port to be averaged in frequency domain in order to maintain orthogonality between the SRS sequences, and hence it would make the measurement more sensitive to the frequency characteristics of the propagation channel and to timing misalignment. We therefore think that for the initial introduction of SRS-RSRP, single port SRS-transmission shall be considered for FR1, too.
Proposal 5:  For Rel-16 requirements on SRS-RSRP measurements, single port transmission of SRS is assumed in both FR1 and FR2. 
Summary and Conclusions
In this contribution we have highlighted details regarding SRS-RSRP measurements that have been left open in the LS [1] but need to be settled in RAN4 before we can start more detailed discussions on SRS-RSRP measurements, and core and performance requirements for those. 
We propose that we agree on the following in order to set the scope for the upcoming work:
Proposal 1: SRS-RSRP measurements are carried out within the active DL BWP only.   
Proposal 2: SRS-RSRP measurements are carried out using the same spatial filter/set of UE Rx beams as used for reception of PDCCH and PDSCH on the same carrier.
Proposal 3:  Static or slowly moving UEs are assumed in the core and performance requirement work. Suitable propagation channels (number of taps, delays, delay spread etc) for the core and performance requirement work are selected after agreeing on applicable scenarios.   
Proposal 4:  Rel-16 requirements on SRS-RSRP measurements are conditioned on that no frequency hopping is used when aggressor UE(s) are transmitting the associated SRS.
Proposal 5:  For Rel-16 requirements on SRS-RSRP measurements, single port transmission of SRS is assumed in both FR1 and FR2. 
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