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1. Introduction

In RAN4#91, the RRM requirements for CLI measurement are discussed, and WF [1] includes agreements and/or next steps for following aspects:
1) Restrictions in SRS-RSRP measurement configuration

2) Assumptions on the timing error and constant offset

3) Assumptions on cyclic shift restriction for SRS-RSRP

4) Measurement requirements and side conditions

5) Spatial QCL assumption

6) Scheduling restriction
7) Measurement reporting range
Except for 1) and 5), there are still remaining open issues. In this paper we will provide our views on the timing error issues in CLI measurement.
2. Discussion
2.1. Timing error and constant offset
In RAN4#91, the agreements on timing error and constant offset are
	· DL Measurement timing error

· Define at least timing error value as conditions for test case

· Option 1: [13.5]usec for FR1 and [7.2]usec for FR2

· Option 2: other values are not precluded for further analysis 

· FFS how to capture the condition on the timing error in the accuracy requirement 

· Timing error without constant offset

· E.g.) Te_CLI = (NTA_offset + NTA)A + Dpropagation_V – Dpropagtion_V2A
· (NTA_offset + NTA)A : timing advance for aggressor(A) UE

· Dpropagation_V : downlink propagation delay for victim(V) UE from the gNB of the victim UE 

· Dpropagtion_V2A : propagation delay from aggressor(A) UE to victim(V) UE

· Constant offset value for timing adjustment for SRS-RSRP measurement is up to UE implementation


For CLI measurement, the timing error is a very critical condition. The victim UE’s timing reference is based on its serving cell’s DL timing:

TRef_V = Tserving_cell + Tprop_V  (1)
The aggressor UE’s transmit timing is based on its serving cell’s (which is a neighbour cell from victim UE’s perspective) UL timing:

TTx_A = Tneighbor_cell + Tprop_A – NTA_offset – NTA  (2)
Assuming NTA is two times Tprop_A, (2) becomes:
TTx_A = Tneighbor_cell – Tprop_A – NTA_offset  (3)
The timing difference the victim UE and aggressor UE is:

Te = Tserving_cell + Tprop_V – Tneighbor_cell + Tprop_A + NTA_offset – Tprop_V2A (4)
Assuming the serving cell and neighbour cell are perfectly synchronized, (4) becomes:
Te = NTA_offset + (5)
Observation 1: The timing difference the victim UE and aggressor UE is
Te = NTA_offset + Tprop_V + Tprop_A  – Tprop_V2A
It can be seen from (5) that the timing difference is specific for each pair of victim and aggressor UEs, and for a particular victim UE, the timing difference is different for each aggressor UE. 

Observation 2: For a particular victim UE, the timing error is different for each aggressor UE.

As agreed in [1], for the CLI measurement requirements and test cases, the condition on timing error is needed. In order to define a meaningful condition, RAN4 needs to discuss what values are assumed for Tprop_V, Tprop_A and Tprop_V2A. In RAN4#91, some companies propose to choose the timing error around NTA_offset, i.e. Tprop_V + Nprop_A – Tprop_V2A is statistically zero.

In Figure 1 we illustrate examples where Tprop_V + Nprop_A – Tprop_V2A > 0 and Tprop_V + Nprop_A – Tprop_V2A < 0. As far as we understand, the CLI measurement requirements should be more focused on the cases where Tprop_V + Nprop_A – Tprop_V2A > 0, because this is where CLI will impact the DL reception of victim UE and where the measurement is meaningful for further CLI mitigation steps. In the other case, the victim UE is more close to its serving cell and far away from the aggressor UE, so CLI may not be impacting much.
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Figure 1: Example of UE locations
Observation 3: CLI measurements make more sense in scenarios where Tprop_V + Nprop_A – Tprop_V2A > 0.
Next, we try to find out some quantitive values from simple system level simulations. The deployment scenario is shown in Figure 2. 20 UEs are uniformly dropped in each cell.
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Figure 2: Deployment scenario in the simulation
In the simulation we identify a pair of aggressor-victim UE to be valid for CLI if the distance between the two UEs is smaller than N times distance between the victim UE and its serving cell, and we record the mean value for Tprop_V + Nprop_A – Tprop_V2A for valid pairs. N is {1, 1/2, 1/3, … 1/10}. The results are shown in Table 1.

Table 1: Tprop_V + Nprop_A – Tprop_V2A (us) for valid aggressor-victim UE pair
	ISD (m)
	1
	1/2
	1/3
	1/4
	1/5
	1/8
	1/10

	500
	0.85
	1.15
	1.27
	1.34
	1.37
	1.37
	1.40

	1732
	2.94
	3.99
	4.33
	4.47
	4.55
	4.63
	4.66


When N=1 the aggressor UE can be with equal distance to the victim UE as the victim UE’s serving cell, and we think it is already quite extreme for CLI considering the aggressor UE’s Tx power is much lower than the serving cell. If we set the target as ratio of interference over signal (I/S) < -6dB and assuming free space path loss, N=1/5 could be considered as a criterion. For N<=1/5, Tprop_V + Nprop_A – Tprop_V2A becomes constant. The mean value of Tprop_V + Nprop_A – Tprop_V2A is dependent on the deployment, i.e. ISD, and it is non-negligible compared to NTA_offset. 

Observation 4: The mean value of Tprop_V + Nprop_A – Tprop_V2A is dependent on the deployment, e.g. ISD, and it is non-negligible compared to NTA_offset.

When defining the timing error condition for CLI measurement requirements, the constant offset should be also considered, because it is the residual timing error after applying the constant offset that will impact the measurement performance. Therefore, the assumption on UE implementation for determining the constant offset should be also discussed. For example, if the timing error is defined to be around NTA_offset, a UE applying constant offset larger than NTA_offset, which is a correct implementation if UE tries to address scenarios where Tprop_V + Nprop_A – Tprop_V2A > 0, will fail to meet the requirement and the test. 
Observation 5: UE implementation for determining the constant offset should be also discussed when defining the condition on timing error.

Based on above analysis, we propose
Proposal 1: RAN4 should decide the timing error condition for CLI measurement requirements by considering 

· Positive values for Tprop_V + Nprop_A – Tprop_V2A 

· Typical UE implementation for determining the constant offset
3. Conclusions

In this paper we provided our views on timing error condition for CLi measurement requirements.

Observation 1: The timing difference the victim UE and aggressor UE is

Te = NTA_offset + Tprop_V + Tprop_A  – Tprop_V2A
Observation 2: For a particular victim UE, the timing error is different for each aggressor UE.

Observation 3: CLI measurements make more sense in scenarios where Tprop_V + Nprop_A – Tprop_V2A > 0.
Observation 4: The mean value of Tprop_V + Nprop_A – Tprop_V2A is dependent on the deployment, e.g. ISD, and it is non-negligible compared to NTA_offset.

Observation 5: UE implementation for determining the constant offset should be also discussed when defining the condition on timing error.

Proposal 1: RAN4 should decide the timing error condition for CLI measurement requirements by considering 

· Positive values for Tprop_V + Nprop_A – Tprop_V2A 

· Typical UE implementation for determining the constant offset
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