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1	Introduction
This contribution relates to the ongoing 3GPP NR WI on CLI (cross-link-interference) measurements [1]. According to the RAN1 LS [2], RAN1 has agreed to support two types of UE CLI measurements: CLI SRS-RSRP and CLI RSSI. The details regarding to the timing of UE CLI measurement are listed as below. 
UE CLI SRS-RSRP measurements:
· In order to perform SRS transmission for CLI measurement, The TA value applied to the corresponding UL symbol is the same as the latest TA for regular UL symbols transmitted to the gNB.
· For SRS-RSRP measurement, the UE is not required to perform time tracking or time adjustment other than a constant offset relative to its own DL timing. The constant offset is derived by UE implementation.

UE CLI RSSI measurements:
· When UE performs CLI-RSSI measurement, the measurement timing could be derived by UE implementation within OFDM symbols configured for CLI-RSSI measurement.

During RAN4#90bis meeting, the way forward of CLI measurement [3] was approved capturing the initial considerations on CLI measurements. As for CLI SRS-RSRP, it was agreed to evaluate the timing error impact based on the simulation assumption in [4]. In this contribution, we first clarify the understanding of timing error (TE). In section 2, we evaluate the impact of timing error to CLI SRS-RSRP measurement via link level simulation and derived the observations. Afterwards, the potential way forward is proposed on defining the measurement accuracy concerning the timing error. Finally, we conclude remarks with the proposals in Section 4.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]2	What is Timing Error? 
To illustrate the timing error in case of CLI measurement, we consider the scenario where a victim UE maintains a DL connection to the serving gNB while simultaneously being interfered by the UL of a nearby UE (UE1) served by a neighbour gNB, as shown in Figure 1. The two gNBs use TDD operation and are unsynchronized with each other. 
The timing sequence of both gNBs and UEs are shown in Figure 2. According to the RAN1 agreement, for the CLI SRS transmission, the aggressor UE applies the same TA value i.e. TA1 as used for its regular UL symbol transmission. The CLI SRS signals from UE1 are expected to arrive at UE2 at the “reference time”, which could be briefed as the DL timing of BS1 minus (TA1-PD12). Meanwhile, the victim UE is not required to perform time tracking or time adjustment other than a constant offset i.e. Toffset relative to its own DL timing for the CLI measurement. “The effective time” when the victim UE performs SRS-RSRP measurement depends on the CLI measurement configuration, i.e. the UE2 reception timing minus (Toffset - PD2). Therefore, the timing error (Te) can be formulated as the time difference between the effective time and the reference time, assuming the cell phase accuracy between two cells is Tcpa. As the victim UE has no information about the aggressors and the CLI SRS propagation conditions, it is unlikely to derive the exact timing error and have it fixed via its implementation. 
   
 
Proposal 1: It is proposed to define the timing error as the time difference between the effective time and the reference time. 
Observation 1: The victim UE is unlikely to derive the timing error and have it fixed via implementation.
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Figure 1: UE-2-UE CLI. UE2 is the victim UE and UE1 is the interfering (aggressor) UE.

3	Timing Error Potentials
To analyze the accuracy of the measured CLI SRS-RSRP, we use the simulation setup listed in [4] and evaluate the impact from timing error in different SCS, SNR conditions. The simulation results are captured in [5] and Figure 2 is cited as an example. It could be seen when the timing error is below or only slightly larger than the CP, the CLI SRS-RSRP error remains small, i.e. < 4%. By contrast, when the error becomes significantly larger than the CP, e.g. Te is 5us in case of 30kHz, the accuracy of the measurement is severely degraded by the additional phase rotation which is not compensated for. It is evident that the CLI SRS-RSRP error increases as the Te increases for errors larger than the CP.
Observation 2: The measurement accuracy of the CLI SRS-RSRP is severely degraded when the timing error (Te) becomes significantly larger than the CP.
Two key questions are therefore:
· Can victim-aggressor UE timing error higher than CP occur in expected dynamic TDD deployment scenarios?
· How accurate does the CLI SRS-RSRP measurement need to be for being valuable for network CLI mitigation?
In a simple cell edge UE CLI scenario as depicted in Figure 3 it seems very likely that the distance between victim UE2 and aggressor UE1 is very small and thus the path delay (PD12) will be less than the CP, even for higher SCS cases. However, if the aggressor UE is at max power and the victim UE is at sensitivity limit the interference may remain significant at quite long distances as shown in the simple free space path loss calculation example in Figure 4.  
Further examples of enlarged PD12 cases are shown in Figure 5. Case A have both UEs at cell edge conditions but interference path (PD12) is via longer reflection path. Case B has victim UE closer to serving gNB but in a DL fade with enlarged PD12 and both UEs at cell edge comparable conditions. Case C has the aggressor UE-gNB LOS path blocked and communicating via reflection path thus aligning high gain antenna direction towards victim UE at enlarged PD12. 
Observations 3: In the dynamic TDD deployment scenarios, it is possible that the victim-aggressor UE timing error could be much larger than the CP. 
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Figure 2: MAPE for 6 timing error (Te) settings [0,1,2,5,10,20]us at different SNR levels. 
Channel: 3GPP-TDL-C100, CP=2.35us under SCS = 30kHz
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Figure 3: Simple cell edge UE CLI scenario with low inter UE distance (PD12 is small)
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Figure 4: Simple free space path loss calculation example
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Figure 5: Example UE CLI scenarios with enlarged UE-UE path delays. (A) reflection interference path, (B) Victim UE in a DL fade and (C) large antenna gain in CLI direction due blocked LOS path to serving gNB

4	Timing Error impact to RRM Core Requirement
The timing error impact has been identified in [5]. It is well observed that the measurement accuracy of SRS-RSRP varies significantly with the increase of timing error. To the extreme case, the victim UE may not be able to measure the configured SRS resources or even measure the wrong resource blocks, which leads to unnecessary and meaningless CLI measurement. Indeed, the UE is expected to derive a proper constant Toffset to mitigate the Te; it would be beneficial to define a maximum allowed timing error, i.e. timing error limit, to ensure the CLI measurement is performed in at least reasonable way. This would be useful for setting accuracy requirements for feature verification testing
Proposal 2: It is proposed to define a Timing Error Limit for CLI SRS-RSRP measurement. The value of the Timing Error Limit is FFS dependent on the simulation. 
While the Timing error limit is fulfilled by the victim UE, the measurement accuracy is still leveled dependent on the timing error. In particular, when the error becomes significantly larger than the cyclic prefix (CP), which is determined by the applied SCS, the accuracy of the measurement is severely degraded. It is therefore suggested to specify the measurement accuracy in terms of CP as well as SCS. For instance, different measurement accuracy requirements apply for a certain level of CP e.g. N times CP in respective SCS conditions. 
Proposal 3: It is proposed to define the different levels of measurement accuracy in terms of CP, e.g. NxCP. The value of the measurement accuracy and the CP range setting is FFS dependent on the simulation.  

6 		Conclusion
This contribution clarified the timing error and studied the impact of timing error between the victim and aggressor UEs to the measurement accuracy. The observations and proposals are summarized as below:
Proposal 1: It is proposed to define the timing error as the time difference between the effective time and the reference time. 
Observation 1: The victim UE is unlikely to derive the timing error and have it fixed via implementation.
Observation 2: The measurement accuracy of the CLI SRS-RSRP is severely degraded when the timing error (Te) becomes significantly larger than the CP.
Observations 3: In the dynamic TDD deployment scenarios, it is possible that the victim-aggressor UE timing error could be much larger than the CP. 
Proposal 2: It is proposed to define a Timing Error Limit for CLI SRS-RSRP measurement. The value of the Timing Error Limit is FFS dependent on the simulation. 
Proposal 3: It is proposed to define the different levels of measurement accuracy in terms of CP, e.g. NxCP. The value of the measurement accuracy and the CP range setting is FFS dependent on the simulation.  
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