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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
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]RAN1 has agreed on working assumptions stating: absolute and relative velocities up to 280 and 500km/h, respectively, are to be supported; the sidelink shall be based on 15kHz subcarrier spacing and 1ms TTI, and further the general structure of the sidelink reference signals. 
In this contribution we analyze what impact the carrier frequency and the supported velocity has on the RSRP and S-RSRP measurements. 
Background
RSRP and S-RSRP measurements
RSRP measurements are carried out on CRSs that are transmitted in a cell. The minimum distance between two OFDM symbols carrying CRSs for the same antenna port(s) is three OFDM symbols (0.214µs).
S-RSRP measurements are carried out on DMRS that are transmitted over a sidelink, see Figure 1. RAN1 has agree on that DMRS shall be transmitted in OFDM symbols #2, #5, #8 and #11 in PSBCH and PSSCH subframes, but the density of the DMRS has not been decided yet, with the main proposals being having DMRS on every subcarrier or every second subcarrier, respectively. Similar to CRS the minimum distance between DMRS is three OFDM symbols (0.214µs).


[bookmark: _Ref450906036]Figure 1: Alternative RAN1 proposals on DMRS layout (shaded REs) on sidelink for V2V.
For both RSRP and S-RSRP the measurements are carried out by a combination of coherent and non-coherent averaging operations. The CRS and DMRS, respectively, in a subframe are de-rotated to obtain channel samples, and then an average is calculated based on a number of adjacent channel samples. 
In legacy LTE the baseline assumption has been that the 8 CRSs available for antenna port 0 in a PRB pair are used for forming one coherent average, thereby allowing an improvement in SNR of up to 9 dB compared to a single CRS. The averaging over a PRB pair was chosen since it provided a good balance between robustness to frequency and time characteristics of the propagation channel, respectively.
In order to estimate the power the absolute values of the channel sample averages are squared and averaged non-coherently. The non-coherent averaging may extend over multiple subframes, where in legacy LTE the baseline was to average non-coherently over 10 subframes during a period of 200ms.
Doppler shift
The received signal is subjected to Doppler shift when the transmitter and/or receiver are moving at speed. The Doppler shift is proportional to the carrier frequency fc and to the relative velocity ∆v between the transmitter and receiver;
.
Since UE speed up to 280km/h and carrier frequency up to 6GHz are to be supported, the Doppler shift experienced is within ±1.55kHz when measuring RSRP and within ±2.78kHz when measuring S-RSRP. The latter is larger since the relative velocity between the transmitting and receiving sidelink parts may be 500km/h.
Frequency synchronization
There are two options for frequency synchronization:
· Synchronization via GNSS, and
· Synchronization via eNB. 
In the first case the UE maintains frequency synchronization based on GPS time. In the second case the UE maintains frequency synchronization by tuning its demodulation frequency to the received downlink carrier by executing automatic frequency correction (AFC) based on CRSs. 
Frequency offset estimation
The general principle for frequency offset estimation used in AFC is based on first determining the phase difference between channel samples taken at two instants in time. The rotation θ in radians over the time Δt can then be used to determine the frequency offset  via
.
The frequency offset estimate is only unambiguous when -π < θ < π, hence the smaller the  between the two instants, the larger frequency offset can be detected without ambiguity. If θ is outside this interval, wrap-around or aliasing occur in the estimator, by which an incorrect frequency offset is estimated.
For both RSRP and S-RSRP the capture range of the frequency estimator is ±2.3 kHz based on the 3 OFDM symbols distance between CRSs and DMRSs, respectively.






 
Challenges for measurements in V2V scenarios
The challenges with S-RSRP measurements are illustrated by the example in Figure 1 where two meeting cars are synchronized to the same eNB. Vehicle#1 is transmitting on the sidelink, and Vehicle#2 is receiving on the sidelink. 
Vehicle#1 is driving towards the eNB at 250km/h whereby a positive Doppler shift of 1.39kHz is experienced. Since Vehicle#1 uses the eNB as frequency reference, it will transmit over the sidelink with a positive frequency offset of 1.39kHz.
Vehicle#2 is driving away from the eNB at 250km/h whereby a negative Doppler shift of 1.39kHz is experienced. Since Vehicle#2 uses the eNB as frequency reference, it will receive the sidelink at a negative frequency offset of 1.39kHz.
Vehicle#1 and Vehicle#2 are driving towards each other, meaning that the relative velocity is 500km/h whereby the transmitted sidelink signal is subjected to a Doppler shift of 2.78kHz. However, since Vehicle#1 has a positive frequency offset, and Vehicle#2 has a negative frequency offset, Vehicle#2 will receive a signal that is offset by 5.56kHz relative to the eNB frequency reference.  
After the vehicles have passed each other, the frequency offset on the sidelink reduce dramatically and becomes close to zero, since the Doppler shift experienced over the DL which is used as frequency reference compensates for the Doppler shift experienced over the sidelink. 


Figure 2: Illustration of the scenario where the largest frequency offset will arise.



Figure 3: Illustration of the moment after the vehicles have passed each other.

The worst case frequency offset depending on which frequency reference source is used by the UE transmitting and the UE receiving over the sidelink is shown in Table 1. 

[bookmark: _Ref450919729]
Table 1: Worst case frequency offset experienced over the sidelink
	Worst case frequency offset [kHz]

	Sync source
	Transmitter

	
	eNB
	GNSS

	Receiver
	eNB
	
2×1.39+2.78

	2.78+1.39

	
	GNSS
	
2.78+1.39

	2.78


 
Based on the analysis there are some observations to be made: 
Observation 1: The worst case frequency offset that can be experienced over the sidelink is ±5.56kHz, which make S-RSRP measurements challenging.
Observation 2: When vehicles are passing each other there may be an abrupt frequency offset change of ±5.56kHz.
Observation 3: The capture range of the frequency offset estimator is ±2.33kHz which is less than called for by any of the sidelink transmitter and sidelink receiver synchronization source combinations (eNB, GNSS). 
   
Summary and Conclusion
We have analyzed the impact of the RAN1 working assumptions on S-RSRP measurements, and made the following observations:
 Observation 1: The worst case frequency offset that can be experienced over the sidelink is ±5.56kHz, which make S-RSRP measurements challenging.
Observation 2: When vehicles are passing each other there may be an abrupt frequency offset change of ±5.56kHz.
Observation 3: The capture range of the frequency offset estimator is ±2.33kHz which is less than called for by any of the sidelink transmitter and sidelink receiver synchronization source combinations (eNB, GNSS). 
Clearly the high speed in combination with high carrier frequency introduces challenges that were not experienced in the D2D work. 
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