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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The current WID for V2X [1] states that RAN4 shall specify RRM core requirements for V2X operation. In this contribution we investigate the sensitivity in PSS and SSS detection to frequency offsets for cell identification in V2V.
RAN1 has agreed on working assumptions stating that absolute velocity of 250km/h and relative velocity of 500km/h is to be supported for V2V operation. Given the discussions at RAN4#80 where consensus was reached only for GNSS-based synchronization, with other synchronization options still are under discussion, only the absolute velocity is considered in this contribution. 
The use case for which the simulation results are applicable is:
· UE is out-of-network coverage,
· UE maintains frequency synchronization via reception of GNSS signals, and
· UE has detected a potential cell and is conducting RSRP and RSRQ measurements as part of the evaluation on whether a cell has been found and whether it fulfills the requirements.
Since currently a working assumption on the highest carrier frequency to consider for the network cell has not been agree, a carrier frequency of 6GHz, stemming from the V2V WID, is considered. Thus the following channel conditions are investigated:
· AWGN with 1350Hz perceived carrier frequency offset (CFO),
· EVA1350 with CFO 0Hz
· ETU500   with CFO 0Hz
The high carrier frequency leads to larger Doppler shifts than experienced in legacy LTE, hence an assessment on whether the legacy cell identification approach can be reused in V2V operation is needed, and provided in this contribution.
The contribution is organized as follows. Background on cell identification is provided in Section 2. Simulation assumptions and simulation results are provided in Section 3. Summary and conclusions are provided in Section 4.
Cell Identification in V2V
Cell identification performance in V2V is likely to depend on the scenarios with respect to the frequency synchronization source available to a UE. The synchronization source can be either of:
· RAN, in case the UE is already connected to a cell and is identifying a target cell,
· GNSS, in case the UE is outside RAN coverage but can receive GPS information from satellites, and
· Sidelink, for instance in scenarios where the UE is outside RAN coverage and cannot receive signals from satellites, e.g. in a tunnel environment.
In this contribution we are considering only GNSS-based synchronization, by which the UE reference frequency is independent of the speed at which the UE is moving. When the UE is moving from out-of-coverage to RAN coverage and is using GNSS as synchronization source, the worst CFO experienced is ±1.39 kHz when RAN is operating on a 5.9GHz carrier (not precluded in the V2V WID). The speed of the UE has virtually no impact on the received GPS timing, and the only contribution to frequency errors on the receiver side is due to Doppler shift if ignoring eNB frequency stability tolerance; see Figure 1.




[bookmark: _Ref458763976]Figure 1: Maximum frequency offset between UE reference frequency and target cell when the UE’s synchronization source is GNSS.

Cell identification is based on three steps:
· Detect a primary synchronization signal, which is transmitted every 5ms, carries an identity NID2 which can be 0, 1 or 2, and indicates the position of a secondary synchronization signal 
· Detect a secondary synchronization signal based on the timing position indicated by the primary synchronization signal, where the secondary synchronization signal carries a cell group identity NID1 in the range 0 to 167 and further carries timing information
· Carry out RSRP and RSRQ measurements on the cell with identity PCI = 3•NID1+NID2 and with frame timing given by the synchronization signals.
As shown in our companion paper [2] RSRP and RSRQ measurements are robust against carrier frequency offsets provided such measurements are carried out in a symbol-based fashion, i.e., where it is avoided to coherently average channel samples from different OFDM symbols. Hence in this contribution we focus on the first two steps: Detection of primary and secondary synchronization signals.
Simulation Results
Simulation assumptions
The simulation assumptions are provided in Table 1.
[bookmark: _Ref462956152]Table 1: Simulation assumptions
	Parameters
	Value
	Comments

	Frame structure type
	1
	FDD

	System bandwidth
	50 resource blocks
	 

	Measurement bandwidth
	6 resource blocks
	

	Snapshot periodicity
	40ms
	

	Snapshot length
	6ms
	

	Transmit antenna
	1
	 

	Receive antennas
	2
	

	Propagation conditions
	AWGN CFO 1350Hz,
ETU500 CFO 0Hz,
EVA1350 CFO 0Hz
	CFO: carrier frequency offset

	CP length
	Normal
	 

	Carrier frequency
	5.9GHz
	No working assumption has been agreed. Figure is based on the V2V WID. 

	Number of cells
	1
	PCI 108

	Es/Iot
	-6 dB … 10 dB
	AWGN noise 

	Cell load condition
	100%
	OCNG with same power as CRS is used

	Evaluation
	Cell detection time [ms]
0th, 50th, 90th percentiles
	



AWGN with 1350Hz Carrier Frequency Offset
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Figure 2: Cell identification time for AWGN propagation condition with CFO of 1350Hz.

Table 2: Cell identification time for AWGN propagation condition with CFO 1350Hz. The 0th (min), 50th (median) and 90th percentiles.
	SNR [dB]
	0th pt [ms]
	50th pt [ms]
	90th pt [ms]

	-6
	6
	126
	446

	-5
	6
	46
	126

	-4
	6
	6
	46

	-3
	6
	6
	6

	-2
	6
	6
	6

	-1
	6
	6
	6

	0
	6
	6
	6

	1
	6
	6
	6

	2
	6
	6
	6

	3
	6
	6
	6

	4
	6
	6
	6

	5
	6
	6
	6

	6
	6
	6
	6

	7
	6
	6
	6

	8
	6
	6
	6

	9
	6
	6
	6

	10
	6
	6
	6




EVA1350 with 0Hz Carrier Frequency Offset
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Figure 3: Cell identification time for EVA1350 propagation condition with CFO of 0Hz.

Table 3: Cell identification time for EVA1350 propagation condition with CFO 0Hz. The 0th (min), 50th (median) and 90th percentiles.

	SNR [dB]
	0th pt [ms]
	50th pt [ms]
	90th pt [ms]

	-6
	6
	86
	406

	-5
	6
	46
	206

	-4
	6
	46
	126

	-3
	6
	6
	86

	-2
	6
	6
	46

	-1
	6
	6
	46

	0
	6
	6
	46

	1
	6
	6
	6

	2
	6
	6
	6

	3
	6
	6
	6

	4
	6
	6
	6

	5
	6
	6
	6

	6
	6
	6
	6

	7
	6
	6
	6

	8
	6
	6
	6

	9
	6
	6
	6

	10
	6
	6
	6





ETU500 with 0Hz Carrier Frequency Offset
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Figure 4: Cell identification time for ETU500 propagation condition with CFO of 0Hz.

Table 4: Cell identification time for ETU500 propagation condition with CFO 0Hz. The 0th (min), 50th (median) and 90th percentiles.
	SNR [dB]
	0th pt [ms]
	50th pt [ms]
	90th pt [ms]

	-6
	6
	126
	486

	-5
	6
	46
	246

	-4
	6
	46
	166

	-3
	6
	6
	86

	-2
	6
	6
	46

	-1
	6
	6
	46

	0
	6
	6
	46

	1
	6
	6
	26

	2
	6
	6
	6

	3
	6
	6
	6

	4
	6
	6
	6

	5
	6
	6
	6

	6
	6
	6
	6

	7
	6
	6
	6

	8
	6
	6
	6

	9
	6
	6
	6

	10
	6
	6
	6





Summary and Conclusions
We have provided simulation results for cell identification time (detection of primary and secondary synchronization signals) for the propagation conditions AWGN with 1350Hz frequency offset (modelling Doppler effect on LOS channel), EVA1350, and ETU500. The simulation assumptions cover the case where the vehicle is moving at maximum absolute speed 250km/h and where the RAN carrier frequency is 5.9GHz. This particular carrier frequency is not likely to be used for RAN since it is the ITS band, but the original V2V WID does not preclude RAN operation at that carrier frequency. Operating at a lower carrier frequency the cell detection performance will be somewhat better.
The simulation results are applicable to the scenario when the UE is using GNSS as synchronization source. For other synchronization options there may be additional frequency offset components, e.g. shifting the spectrum for EVA1350 up or down in frequency, which may degrade the cell detection performance.
Based on the simulation results, we can make the following observation:
Observation 1: The simulation results indicate that for SNR -6dB or higher, the cell identification time (primary and secondary synchronization signal detection) is less than 500ms in 90% of the cases. Adding 200ms for RSRP measurements this means that despite a larger frequency offset or Doppler spread than generally encountered in legacy, the legacy requirement on 800ms can be met.
One question regarding this scenario concerns which measurement effort can be expected from the UE. The measurement periodicity in the simulation assumptions is based on legacy connected mode measurements. However, when the UE is out of coverage one may consider other procedures instead, such as sparse periodicity used for idle mode or for higher priority search. On the other hand it is likely that the UE has a larger power source than in legacy, by which it can afford searching for RAN coverage at a certain intensity. 
Proposal 1: RAN4 shall agree on working assumptions regarding the intensity at which a UE that is out of RAN coverage shall search for cells. Given that the UE operating in V2X does not have the same constraint on power consumption as legacy UEs, it might be justified to search for RAN coverage more often than when out-of-coverage in legacy.
 A companion paper on RSRP and RSRQ measurements is provided in [2].
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