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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.

In this contribution, we further study the impact of timing offset between the victim and aggressor UEs. In Section 2 we present our simulation scenario and assumptions for the CLI measurement evaluation. In section 3, we evaluate the impact of timing offset to UE-to-UE CLI measurement via link level simulation and derived the observations. Finally, we conclude remarks with the proposals in Section 4.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]2	Simulation assumptions for UE CLI measurement
In this simulation study we assume a victim UE maintaining a DL connection to the serving gNB while simultaneously being interfered by the UL of a nearby UE served by a neighbour gNB, as shown in Figure 1. The two gNBs use TDD operation and are unsynchronized with each other. Scenario details are listed in Table 1.
[bookmark: _Hlk5022096][bookmark: _Hlk5018436][bookmark: _GoBack][bookmark: _Hlk5022139][bookmark: _Hlk5019369]According to the RAN1 agreement, for the CLI SRS transmission, the aggressor UE applies the same TA value as used for its regular UL symbol transmission. Meanwhile, the victim UE is not required to perform time tracking or time adjustment other than a constant offset relative to its own DL timing for the CLI measurement. It is understood that according to RAN1 the victim UE is not required/assumed tracking aggressor timing but only own cell timing according to existing requirements. Considering the expected timing delay at the victim UE as below [3], although the constant offset TA_offset could be derived from the UE, there may still exist a timing error w.r.t. the timing difference at victim and aggressor, the distance in-between as well as the cell phase synchronization accuracy (Tcpa).  
 
Observations 1: There may exist a timing error when performing CLI measurement, as the victim UE is not fully time aligned with the aggressor UE(s).
Table 1: UE-2-UE CLI simulation scenarios
	[image: ]
Figure 1: UE-2-UE CLI. UE U is the victim UE and UE I is the interfering (aggressor) UE.
	· carrier-frequency-in-Hz= 4e9
· number-of-RBs-per-carrier-BW=25
· number-of-subcarriers-per-RB=12 
· number-of-symbols-per-subframe=14 
· subcarrier-spacing-in-Hz=30e3
· time-offset-interferer-in-s = [0 2 3 5 10 25, 30]*1e-6 
· SINR range = -10:0 dB
· INR levels = -5:5 dB
· LDPC coding
· SRS: 1/2/4 symbols per subframe (SF)
· Channels models: pedestrian A


 
3	UE-2-UE CLI measurements
To analyze the accuracy of the measured CLI SRS-RSRP and CLI-RSSI, we use the simulation setup listed in Table 1 and two metrics, i.e. mean absolute percentage error (MAPE) and CDF of the error between the measured and ideal RSRP/RSSI.
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Figure 2: MAPE for 7 timing error (TE) settings [0,2,3,5,10,25,30]us at different SNR levels. 
Channel: Pedestrian A, INR: 5dB, CP=2.35us under SCS = 30kHz
Figure 2 shows the MAPE of the CLI SRS-RSRP when the timing error (TE) settings range from 0 to 30 for an INR of 5 dB, Pedestrian A channel. The CP for a Sub-Carrier-Spacing (SCS) of 30kHz is 2.35us. 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%, for all the RS densities, with every density doubling reducing MAPE by ~1%. By contrast, when the error becomes significantly larger than the CP, e.g. TE is 5us, the accuracy of the measurement is severely degraded by the additional phase rotation which is not compensated for. In this case, increasing the RS density does not improve MAPE, the error being cumulated over an increased number of symbols. 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. 
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Figure 3: CDF of CLI SRS-RSRP and CLI-RSSI for 7 timing error settings [0,2,3,5,10,25,30]us 
Channel: Pedestrian A , Left: INR = 5dB, Right: INR = -5 dB

Figure 3 shows the CDF of the CLI SRS-RSRP and CLI-RSSI errors for different INR levels [5,-5]dB and timing errors (TE) for Pedestrian A channel model. Dominant at high INR it is observed that the higher the TE, the higher the CLI SRS-RSRP errors. This is because of the increased attenuation in the signal energy (due to inter-symbol and inter-carrier interference) and the phase rotation, both effects of the TE being larger than the CP duration. At low INR, the RSRP error is high for all timing errors (more than 5 dB and up to 20 dB as median error). It is also observed that the CLI-RSSI errors are robust against the TE at both high and low INR conditions. 
Observations 3: The measurement accuracy of CLI SRS- RSRP is sensitive to the timing error.  
Observations 4: The CSI-RSSI error is robust against the timing error at both high and low INR conditions. 
Keeping in mind the purpose of UE CLI measurements, as listed below, the UE CLI measurement makes sense to the network only when it is with certain accuracy level. Otherwise, the network may give misleading guidance to the serving and neighbor gNBs e.g. on scheduling coordination, which would degrade the performance. 
· Offer the NW information to enable smart scheduling decisions such that scheduling users on “bad resources” that are heavily polluted by CLI can be avoided.
· Offer the NW information to initiate coordinated between neighbour cells, gNBs, and CU and DUs to reduce impact from harmful UE-UE CLI.
Observations 5: Without timing restriction, the measured CLI SRS-RSRP may not provide meaningful measurement.  
Two key questions are therefore:
· Can victim-aggressor UE timing offsets 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 4 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 5.  
Further examples of enlarged PD12 cases are shown in Figure 6. 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 6: In the dynamic TDD deployment scenarios, it is possible that the victim-aggressor UE timing offset could be larger than the CP. 
Based on the observations, the measurement accuracy of CLI SRS-RSRP is dependent on the timing offset, where the measurement requirements need to be defined in RAN4. As for the CLI RSSI measurement, the accuracy remains the same irrespective of the timing offset. It is fair to assume there is no timing offset impact to RSSI measurement in RAN4. 
Proposal1: For the UE CLI SRS-RSRP measurement, it is proposed that RAN4 should define at least the measurement accuracy requirement in different timing conditions.
Proposal2: It is proposed that RAN4 should make different test cases considering different scenarios e.g. SCS, FR. 
Proposal3: For the UE CLI RSSI measurement, there is no need to consider different timing conditions in the same way as for CLI SRS-RSRP measurement. 
Proposal4: It is proposed that UE vendors to clarify how the UE derives the constant offset respective to the DL timing and the complexity. 
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Figure 4: Simple cell edge UE CLI scenario with low inter UE distance (PD12 is small)
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Figure 5: Simple free space path loss calculation example
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Figure 6: 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
6 		Conclusion
This contribution clarified the UE CLI scenarios and studied the impact of timing offset between the victim and aggressor UEs to the measurement accuracy. The observations and proposals are summarized as below:
Observations 1: There may exist a timing error when performing CLI measurement, as the victim UE is not fully time aligned with the aggressor UE(s).
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: The measurement accuracy of CLI SRS- RSRP is sensitive to the timing error.  
Observations 4: The CSI-RSSI error is robust against the timing error at both high and low INR conditions. 
Observations 5: Without timing restriction, the measured CLI SRS-RSRP may not provide meaningful measurement.  
Observations 6: In the dynamic TDD deployment scenarios, it is possible that the victim-aggressor UE timing error could be larger than the CP. 
Proposal1: For the UE CLI SRS-RSRP measurement, it is proposed that RAN4 should define at least the measurement accuracy requirement in different timing conditions.
Proposal2: It is proposed that RAN4 should make different test cases considering different scenarios e.g. SCS, FR. 
Proposal3: For the UE CLI RSSI measurement, there is no need to consider different timing conditions in the same way as for CLI SRS-RSRP measurement. 
Proposal4: It is proposed that UE vendors to clarify how the UE derives the constant offset respective to the DL timing and the complexity. 
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