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Introduction
As part of CLI and RIM measurements WI, RAN4 was tasked to define CLI measurement requirements. In RAN4#92 meeting, WF [1] was agreed on CLI measurement. In this contribution, we provide our views on timing error side condition for SRS-RSRP accuracy requirements.     
Discussion
In RAN4#92 meeting, definition on the timing error is agreed [1] as DL timing error is the time difference between downlink reference timing in the serving cell and SRS arrival time. And also the following WF is agreed.
· RAN4 will define the timing error as the side condition for SRS-RSRP.
· E.g., TCLI = NTA_offset + Tother
· NTA_offset 20usec for EN-DC(TDD), 13usec for FR1, 7usec for FR2
· FFS on whether the cell phase synchronization error (3usec) is added for TCLI
· Decide whether side condition is needed or not in next meeting
· FFS on  whether the same side condition (TCLI) for sub-band RSSI
· Decide whether side condition is needed or not in next meeting
For defining side condition on the timing error let’s analyze on what factors the timing error will depend on. A very basic example of CLI measurement scenario is shown in figure 1. In the figure, two UE called Victim UE (VUE) and aggressor UE (AUE) and serving and neighbor BS are considered. Propagation delay between each UE and their serving gNB and inter UE propagation delay are also shown. 
Each UE timing is based on their serving cell DL timing. 
Let’s denote reference DL timing of victim UE is TDL_timing_V = Tserving + Tprop_V   …..Equation (1)
The aggressor UE’s UL timing is TUL_timing_A = Tneighbor + Tprop_A – Timing advance
Timing advance (TTA) = (NTA_offset – NTA)*Tc
Let’s define TTA_offset = NTA_offset *Tc and TTA=NTA*Tc
[image: ]

By substituting timing advance in aggressor UE UL timing, TUL_timing_A = Tneighbor + Tprop_A – TTA_offset - TTA     and by assuming TA is twice the propagation delay (TTA=2* Tprop_A)
TUL_timing_A = Tneighbor - Tprop_A – TTA_offset …..Equation (2)
From timing error definition, TCLI = TDL_timing_V -   TSRS_arrival_time = TDL_timing_V – (TUL_timing_A+Tprop_V2A)
TCLI= Tserving + Tprop_V   - Tneighbor +Tprop_A + TTA_offset - Tprop_V2A
TCLI= (Tserving - Tneighbor) + Tprop_V   + Tprop_A + TTA_offset- Tprop_V2A
Let’s define cell phase synchronisation error as Tcell_phase_sync_err = Tserving - Tneighbor
TCLI=TTA_offset + Tcell_phase_sync_err + Tprop_V   + Tprop_A - Tprop_V2A ……Equation (3)
Max value of Te for CLI measurement:
If we look at equation (3), max value of TCLI will be when Tprop_V2A is close to 0
TTA_offset= Tc*NTA_offset which is 25600*0.509ns=13.03us for FR1 and 13792*0.509ns=7.02us for FR2 and 39936*0.509ns=20.33us
Let’s assume cell radius of 300m for FR2 and 900m for FR1 and further assuming both victim and aggressor UE are in cell edge and close to each other,
For FR1:
TCLI = Tcell_phase_sync_err+13us+3us+3us-0 = Tcell_phase_sync_err+19.03 which is in range between 16 to 22us based on cell phase sync error.
For FR2: 
TCLI = Tcell_phase_sync_err+7us+1us+1us-0 which is in the range of 6 to 12us based on the cell phase sync error. 
For EN-DC FR1 TDD:
TCLI = Tcell_phase_sync_err+20.33us+3us+3us-0 which is in the range of 23 to 29us based on the cell phase sync error. 

Table 1: Example TCLI for different cell phase sync error
	Cell phase sync error
	TCLI for FR1
	TCLI for FR2
	TCLI for EN-DC

	0us
	19us
	9us
	26us

	3us
	16 to 22us
	6 to 12us
	23 to 29us



By looking at Table 1, we can see that cell phase sync error is clearly effecting TCLI to significant level, therefore cell phase synchronisation error should be considered in TCLI

By re-writing the equation (3), TCLI can be written as TCLI=TTA_offset +Tcell_phase_sync_err + Tprop_error.  
[bookmark: _GoBack]Where for example between two pairs of UE, Tprop_error =Tprop_V   + Tprop_A - Tprop_V2A ….Equation (4)

Proposal 1: Define TCLI as TTA_offset + Tcell_phase_sync_err + Tprop_error

Side condition for TCLI:

Equation 4, Tprop_error =Tprop_V   + Tprop_A - Tprop_V2A, if we convert it into propagation distance, it can be written as 
Dprop_error= Dprop_V   + Dprop_A - Dprop_V2A
Let’s analyse the value of Dprop_error to get intuition on what range of TCLI makes sense to define as a side condition. 
· If one UE is close to gNB and other UE is cell edge then Dprop_error becomes close to 0
· If both are cell edge and close to each other, then Dprop_error is maximum 
· If both are close to gNB then Dprop_error becomes negative
· As Dprop_error becomes close to zero or less than zero, both UE are sufficiently far off and they may not be interfering with each other. 
Based on the above analysis the values of interest for TCLI will be when Dprop_error >0. Which means Tprop_error >0 and from (3) it further implies that TCLI range of interest would be TCLI > TTA_offset + Tcell_phase_sync_err 

Maximum value of Tprop_error occurs when both the UE are close to each other and are at the cell edge. If both UE are at cell edge, let’s define Tprop_error as Tprop_cell_edge. Where, Tprop_cell_edge is the propagation delay when both users are at cell edge and close to each other. 
Based on the above calculation, TCLI range could be as follows:

TTA_offset + Tcell_phase_sync_err < TCLI < TTA_offset + Tcell_phase_sync_err + Tprop_cell_edge

From the above analysis, side condition for TCLI can be defined as TTA_offset + Tcell_phase_sync_err < TCLI < TTA_offset + Tcell_phase_sync_err + Tprop_cell_edge

Proposal 2: Side condition for TCLI is defined as TTA_offset + Tcell_phase_sync_err < TCLI < TTA_offset +Tcell_phase_sync_err + Tprop_cell_edge and Tprop_cell_edge max acceptable value can be defined as side condition.
  
The number of sample for measurement accuracy
Other topic which was under discussion was number of samples for measurement accuracy. The possible candidates agreed in the previous meeting were 3 samples and 1 sample. 
Since CLI measurements are meant for CLI handling through Remote Interference Management (RIM), single measurement sample can’t be used for interference management, as it may give false positive due to fading or other factors. Therefore it is necessary to do some kind of averaging before it can be used for Interference Management (IM). There can be two methods through which averaging can be done. They are, 
1. UE sends one shot measurement and do averaging at gNB
2. Do averaging at UE and send averaged measurement to gNB
First method facilitates faster way of reporting interference seen at UE. Though it is faster, it consumes more resources. Moreover gNB may not do IM based on single sample. There by wasting measurement reporting resources. 
Second method of performing averaging at UE and sending is more optimised as it provides more accurate values which gNB can use and also consumes less resources to send the same number of samples measured at UE. 
Based on the above analysis we make following proposal. 
Proposal 3: RAN4 to define number of samples for measurement accuracy as at least 3 

1. Conclusion
In this contribution we have discussed definition of TCLI, side condition for TCLI and number of samples for measurement accuracy and we make following proposals
Proposal 1: Define TCLI as TTA_offset + Tcell_phase_sync_err + Tother
Proposal 2: Side condition for TCLI is defined as TTA_offset + Tcell_phase_sync_err < TCLI < TTA_offset +Tcell_phase_sync_err + Tprop_cell_edge and Tprop_cell_edge max acceptable value can be defined as side condition.
Proposal 3: RAN4 to define number of samples for measurement accuracy as at least 3 
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