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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In this contribution we investigate the sensitivity in PSS and SSS detection to frequency offsets for cell identification in V2V. The current work item on core requirements for V2V operation specifies the following to be undertaken by RAN4 [1]:
· To specify UE Tx and Rx RF requirement covering operations at up to 6 GHz carrier [RAN4]
· To specify RRM core requirement [RAN4]





[bookmark: _GoBack]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.
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.
As shown in [1] the carrier frequency offset (CFO), i.e. the frequency offset between the UE demodulation frequency and the received carrier frequency of the target cell or the sidelink, can be as high as 5.5 kHz in certain scenarios
In case 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 SI). The speed of the UE has virtually no impact on the received GPS timing, and the only contribution 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.

A more challenging scenario is when the UE already is connected to RAN and moving from the source cell and towards the target cell. In this case the UE demodulation frequency will be down to 1.39 kHz lower than the carrier frequency used by the source eNB. At the same time the downlink carrier received from the target cell may be up to 1.39 kHz higher than the carrier frequency used by the target eNB. This results in that there is an offset of up to 2.78 kHz between the received carrier of the target cell and the UE demodulation frequency; see Figure 2.



[bookmark: _Ref458764002]Figure 2: Maximum frequency offset between UE reference frequency and target cell when the UE’s synchronization source is RAN.

In legacy LTE cell identification under such large frequency offsets has not been tested, despite that it may arise in particular high speed train scenarios. Instead cell identification under large frequency offsets has been left to UE implementation and has been associated mainly with cell selection at power on, where the frequency uncertainty comes from that the XO or PLLs are untuned.
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 that 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. 
The primary synchronization signal has been designed with robustness to frequency offsets in mind, although for very large offsets (±30 kHz) that may arise in cell selection at power on there may be ambiguities regarding the time and frequency. It is based on a Zadoff-Chu sequence whose correlation properties in the time-frequency plane are shown in Figure 3 when sampled at 1.92MHz and with frequency offsets in the range -50 to 50 kHz.
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[bookmark: _Ref458775416]Figure 3: Cyclic time-domain correlation properties of Zadoff-Chu for Cell IDs 0 (top left), 1 (top right) and 2 (bottom left) in presence of frequency offset. Sampling rate is 1.92 MHz.

Looking closer at the correlation properties within the frequency offset range -2.78 to 2.78 kHz one can see that there is a degradation of about 10 to 15% which transfers into a reduced sensitivity, i.e., increased rate of missed detections; Figure 4.
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[bookmark: _Ref458776300]Figure 4: Maximum correlation magnitude as function of frequency offset for primary synchronization signal. Sampling rate is 1.92 MHz.

The same observation as for the primary synchronization signal can be made for the secondary synchronization signal although it is constructed by shifted and interleaved M-sequences instead of Zadoff-Chu sequences. Within the frequency offset range -2.78 to 2.78 kHz the degradation of up to about 10%, which transfers to an increased risk for detecting incorrect cell group particularly at low SNR; Figure 5.
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[bookmark: _Ref458778311]Figure 5: Correlation magnitude as function of frequency offset for secondary synchronization signal.

Observation 1: The legacy cell identification approach will be applicable also in V2V operation, but the sensitivity (the successful detection ratio) may become lower in the presence of large frequency offsets.

Summary and Conclusions
In this contribution we have looked at the correlation properties of the primary and secondary synchronization signals in presence of frequency offsets between the UE demodulation frequency and the received carrier frequency of the target cell.
It was found that despite potentially large frequency offsets the legacy approach to cell detection will work, i.e. there should not be a need for e.g. frequency offset grid searches or other approaches associated e.g. with cell selection at power on. It was captured in the following observation.
Observation 1: The legacy cell identification approach will be applicable also in V2V operation, but the sensitivity (the successful detection rate) may become lower in the presence of large frequency offsets.
Based on the observation we make the following proposal.
Proposal 1: Cell identification times, as achieved by legacy cell identification approaches in presence of frequency offsets that can be encountered in V2V operation, shall be investigated with the purpose of determining the impact of decreased sensitivity on the detection time.
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