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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]






RAN1 has agreed on working assumptions stating: absolute and relative velocities up to 250 and 500km/h, respectively, are to be supported; the sidelink shall be based on 15 kHz 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 S-RSRP measurement accuracy. The simulation assumptions are based on [2] and discussions on the RAN4 email reflector. 
The DMRS and the conducted S-RSRP measurements are described in Section 2 along with a sensitivity analysis with respect to carrier frequency offset (CFO) for the chosen RSRP estimator. Simulation assumptions and simulation results for AWGN with CFOs 0 and 2700Hz, ETU500 with CFOs 0, 1180 and 1770Hz and EVA2700 with CFOs 0, 1180 and 1770Hz are provided in Section 3. The simulations are summarized and concluded in Section 4.
S-RSRP measurements
S-RSRP measurements are carried out on DMRS that are transmitted over a sidelink, in PSBCH subframes; see Figure 1. RAN1 has agreed that DMRS shall be transmitted in OFDM symbols #4, #6 and #9. The repetition period for PSBCH is under discussion in RAN1. The working agreement from RAN1#85 states that it shall be repeated every 200ms, to be compared with every 40ms in Rel-13.
For S-RSRP the measurements are carried out by a combination of coherent and non-coherent averaging operations. The DMRS in a PSBCH subframe are de-rotated to obtain channel samples, and then an average is calculated based on a number of adjacent channel samples. The simulation results provided in this contribution are based on coherent averaging on symbol basis of channel samples, where each average comprises 12 REs as indicated in blue in Figure 1.
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 a period of 200ms. The simulation results here are based on non-coherent averaging over 5 PSBCH subframes. 


[bookmark: _Ref450906036]Figure 1: DMRS layout in PSBCH subframe (shaded REs). Blue boxes indicate the REs in each PRB pair over which coherent averaging is carried out for S-RSRP measurements (UE implementation specific).

There are three options for frequency synchronization:
· Synchronization via GNSS,
· Synchronization via eNB, and 
· Synchronization over sidelink.
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. In the third case, the UE instead maintains frequency synchronization by tuning in to the sidelink and using synchronization signals and/or DMRS for AFC.
As discussed earlier (see e.g. [3]) the frequency offset between the UE demodulation frequency and the carrier frequency, a.k.a. carrier frequency offset (CFO), of the cell or sidelink that the UE is to do measurement on is highly influenced by Doppler shifts and synchronization source, and can amount to as much as 5.5 kHz. Hence robustness of the S-RSRP estimator to frequency offsets is crucial.
The measurement accuracy as function of CFO for the S-RSRP estimator used in the simulation is shown in Figure 2. The SNR is 0 dB which means that ideally the S-RSRP/N should also be 0 dB. However, due to averaging coherently over a finite number of channel samples – 12 in this case – some noise remains after the averaging and gives rise to bias. In this case the bias is less than 0.5 dB for the 50th percentile. When the CFO is 5.5 kHz, there is a degradation or loss of sensitivity of S-RSRP by 1.5dB, which indicates that the estimator is robust to frequency offsets in the range that can be foreseen in V2V operation.    


[image: ]
[bookmark: _Ref458758956]Figure 2: Impact of frequency offsets in the range -7.5 to 7.5 kHz on S-RSRP estimates. Propagation condition AWGN, SNR 0 dB. Percentiles: 5th, 50th and 95th.

Simulations
Simulation assumptions
The simulation assumptions are based on the proposal in [2] and further discussions on the RAN4 email reflector. The parameters used in the simulation are provided in Table 1.
[bookmark: _Ref458759540]Table 1: Simulation assumptions
	Parameters
	Value
	Comments

	Frame structure type
	1
	FDD

	Measurement bandwidth
	6 resource blocks
	

	System bandwidth
	50 resource blocks
	 

	L1 measurement period
	1000ms
	Sliding average over 5 most recent snapshots

	Snapshot periodicity
	200ms
	Measure S-RSRP on DMRS in each PSBCH subframe

	L3 filtering
	Disabled
	 

	Transmit antenna
	1
	 

	Receive antennas
	2
	Strongest value after L1 filtering over RX1 and RX2 branches is reported

	Propagation conditions
	AWGN CFO 0Hz, 
AWGN CFO 2700Hz,
ETU500 CFO 0Hz,
ETU500 CFO 1180Hz,
ETU500 CFO 1770Hz,
EVA2700 CFO 0Hz,
EVA2700 CFO 1180Hz,
EVA2700 CFO 1770Hz
	CFO: carrier frequency offset

	CP length
	Normal
	 

	Carrier frequency
	5.9GHz
	 

	Es/Iot
	-6 dB … 3 dB
	AWGN noise 



AWGN simulation results
The simulation results for AWGN (static one-tap) propagation conditions with carrier frequency offsets of 0 and 2700Hz respectively are provided in Figure 3 and Figure 4, respectively, and the 5th, 50th and 95th percentiles of the deviation between the measured S-RSRP and the ideal S-RSRP are provided in Table 2 and Table 3, respectively.  
[image: ]
[bookmark: _Ref458759649][bookmark: _Ref458759645]Figure 3: S-RSRP measurement performance for AWGN propagation condition and CFO 0Hz.

[bookmark: _Ref458759719]Table 2: 5th, 50th and 95th percentiles of the deviation between ideal and measured S-RSRP for AWGN propagation condition and CFO 0Hz.
	SNR[dB]
	Delta [dB]

	
	05 %tile
	50 %tile
	95 %tile

	-10
	2,34
	2,83
	3,35

	-9
	1,94
	2,39
	2,87

	-8
	1,54
	2,00
	2,49

	-7
	1,27
	1,69
	2,10

	-6
	1,00
	1,38
	1,81

	-5
	0,79
	1,17
	1,57

	-4
	0,62
	0,96
	1,32

	-3
	0,50
	0,80
	1,14

	-2
	0,37
	0,66
	0,97

	-1
	0,28
	0,54
	0,81

	0
	0,21
	0,44
	0,67

	1
	0,16
	0,37
	0,61

	2
	0,10
	0,29
	0,50

	3
	0,08
	0,25
	0,43

	4
	0,05
	0,20
	0,36

	5
	0,04
	0,17
	0,31

	6
	0,02
	0,14
	0,27

	7
	0,01
	0,11
	0,24

	8
	0,00
	0,10
	0,20

	9
	0,00
	0,08
	0,17

	10
	-0,01
	0,07
	0,15
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[bookmark: _Ref458759651]Figure 4: S-RSRP measurement performance for AWGN propagation condition and CFO 2700Hz.


[bookmark: _Ref458759721]Table 3: 5th, 50th and 95th percentiles of deviation between ideal and measured S-RSRP for AWGN propagation condition and CFO 2700Hz.
	SNR[dB]
	Delta [dB]

	
	05 %tile
	50 %tile
	95 %tile

	-10
	2,12
	2,60
	3,11

	-9
	1,69
	2,13
	2,62

	-8
	1,22
	1,72
	2,21

	-7
	0,93
	1,36
	1,81

	-6
	0,66
	1,07
	1,50

	-5
	0,41
	0,81
	1,24

	-4
	0,25
	0,59
	0,95

	-3
	0,09
	0,42
	0,73

	-2
	-0,02
	0,26
	0,56

	-1
	-0,15
	0,14
	0,42

	0
	-0,19
	0,05
	0,30

	1
	-0,26
	-0,05
	0,18

	2
	-0,32
	-0,12
	0,09

	3
	-0,36
	-0,18
	0,00

	4
	-0,40
	-0,23
	-0,06

	5
	-0,41
	-0,26
	-0,12

	6
	-0,43
	-0,30
	-0,16

	7
	-0,43
	-0,32
	-0,19

	8
	-0,44
	-0,34
	-0,24

	9
	-0,45
	-0,36
	-0,26

	10
	-0,46
	-0,38
	-0,29



ETU500 simulation results
The simulation results for ETU500 propagation conditions with carrier frequency offsets of 0, 1180, and 1770Hz, respectively are provided in Figure 5, Figure 6 and Figure 7, respectively, and the 5th, 50th and 95th percentiles of the deviation between the measured S-RSRP and the ideal S-RSRP are provided in Table 4, Table 5 and Table 6, respectively.  
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[bookmark: _Ref458760065][bookmark: _Ref458760061]Figure 5: S-RSRP measurement performance for ETU500 propagation condition and CFO 0Hz.

[bookmark: _Ref458760117]Table 4: 5th, 50th and 95th percentiles of deviation between ideal and measured S-RSRP for ETU500 propagation condition and CFO 0Hz.
	SNR[dB]
	Delta [dB]

	
	05 %tile
	50 %tile
	95 %tile

	-10
	1,68
	2,75
	3,98

	-9
	1,14
	2,38
	3,77

	-8
	0,64
	1,91
	3,33

	-7
	0,39
	1,73
	3,21

	-6
	-0,02
	1,44
	3,05

	-5
	-0,24
	1,27
	2,89

	-4
	-0,50
	1,07
	2,77

	-3
	-0,70
	1,00
	2,76

	-2
	-0,98
	0,76
	2,65

	-1
	-1,08
	0,69
	2,54

	0
	-1,31
	0,47
	2,32

	1
	-1,29
	0,51
	2,30

	2
	-1,36
	0,50
	2,44

	3
	-1,49
	0,36
	2,32

	4
	-1,45
	0,40
	2,28

	5
	-1,59
	0,26
	2,11

	6
	-1,46
	0,48
	2,42

	7
	-1,66
	0,20
	2,16

	8
	-1,70
	0,28
	2,35

	9
	-1,68
	0,20
	2,18

	10
	-1,69
	0,23
	2,18




[image: ]
[bookmark: _Ref458760067]Figure 6: S-RSRP measurement performance for ETU500 propagation condition and CFO 1180Hz.

[bookmark: _Ref458760119]Table 5: 5th, 50th and 95th percentiles of deviation between ideal and measured S-RSRP for ETU500 propagation condition and CFO 1180Hz.
	SNR[dB]
	Delta [dB]

	
	05 %tile
	50 %tile
	95 %tile

	-10
	1,64
	2,70
	3,92

	-9
	1,33
	2,49
	3,84

	-8
	0,55
	1,80
	3,15

	-7
	0,23
	1,60
	3,08

	-6
	-0,03
	1,50
	3,08

	-5
	-0,42
	1,14
	2,87

	-4
	-0,66
	0,88
	2,53

	-3
	-0,73
	0,91
	2,61

	-2
	-1,16
	0,52
	2,34

	-1
	-1,09
	0,69
	2,45

	0
	-1,19
	0,58
	2,46

	1
	-1,45
	0,33
	2,17

	2
	-1,44
	0,40
	2,50

	3
	-1,63
	0,29
	2,30

	4
	-1,64
	0,28
	2,20

	5
	-1,56
	0,27
	2,28

	6
	-1,47
	0,46
	2,34

	7
	-1,81
	0,17
	2,11

	8
	-1,74
	0,22
	2,27

	9
	-1,80
	0,06
	1,97

	10
	-1,80
	0,09
	1,95
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[bookmark: _Ref458760068]Figure 7: S-RSRP measurement performance for ETU500 propagation condition and CFO 1770Hz.

[bookmark: _Ref458760121]Table 6: 5th, 50th and 95th percentiles of deviation between ideal and measured S-RSRP for ETU500 propagation condition and CFO 1770Hz.
	SNR[dB]
	Delta [dB]

	
	05 %tile
	50 %tile
	95 %tile

	-10
	1,68
	2,75
	3,98

	-9
	1,09
	2,29
	3,65

	-8
	0,67
	1,92
	3,36

	-7
	0,19
	1,47
	2,94

	-6
	-0,19
	1,25
	2,88

	-5
	-0,43
	1,11
	2,79

	-4
	-0,61
	0,90
	2,55

	-3
	-0,76
	0,84
	2,59

	-2
	-1,00
	0,71
	2,48

	-1
	-1,40
	0,33
	2,11

	0
	-1,29
	0,44
	2,35

	1
	-1,39
	0,44
	2,35

	2
	-1,59
	0,31
	2,21

	3
	-1,66
	0,19
	2,08

	4
	-1,49
	0,40
	2,25

	5
	-1,66
	0,21
	2,07

	6
	-1,77
	0,17
	2,09

	7
	-1,68
	0,18
	2,24

	8
	-1,71
	0,11
	2,09

	9
	-1,69
	0,19
	2,09

	10
	-1,90
	0,07
	2,10




EVA2700 simulation results
The simulation results for EVA2700 propagation conditions with carrier frequency offsets of 0, 1180, and 1770Hz, respectively are provided in Figure 8, Figure 9 and Figure 10 , respectively, and the 5th, 50th and 95th percentiles of the deviation between the measured S-RSRP and the ideal S-RSRP are provided in Table 7, Table 8 and Table 9, respectively.
[image: ]
[bookmark: _Ref458760219]Figure 8: S-RSRP measurement performance for EVA2700 propagation condition and CFO 0Hz.

[bookmark: _Ref458760241]Table 7: 5th, 50th and 95th percentiles of deviation between ideal and measured S-RSRP for EVA2700 propagation condition and CFO 0Hz.
	SNR[dB]
	Delta [dB]

	
	05 %tile
	50 %tile
	95 %tile

	-10
	1,84
	2,71
	3,65

	-9
	1,47
	2,37
	3,35

	-8
	1,11
	2,05
	3,08

	-7
	0,61
	1,62
	2,76

	-6
	0,27
	1,34
	2,53

	-5
	0,11
	1,19
	2,31

	-4
	-0,13
	0,96
	2,16

	-3
	-0,36
	0,73
	1,88

	-2
	-0,49
	0,67
	1,90

	-1
	-0,57
	0,65
	1,95

	0
	-0,84
	0,44
	1,84

	1
	-0,87
	0,34
	1,65

	2
	-0,90
	0,28
	1,59

	3
	-0,74
	0,45
	1,80

	4
	-1,02
	0,23
	1,64

	5
	-0,91
	0,32
	1,68

	6
	-1,04
	0,37
	1,79

	7
	-1,32
	0,07
	1,46

	8
	-1,32
	0,07
	1,46

	9
	-1,15
	0,17
	1,49

	10
	-1,11
	0,15
	1,53
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[bookmark: _Ref458760220]Figure 9: S-RSRP measurement performance for EVA2700 propagation condition and CFO 1180Hz.

[bookmark: _Ref458760242]Table 8: 5th, 50th and 95th percentiles of deviation between ideal and measured S-RSRP for EVA2700 propagation condition and CFO 1180Hz.
	SNR[dB]
	Delta [dB]

	
	05 %tile
	50 %tile
	95 %tile

	-10
	2,03
	2,90
	3,82

	-9
	1,37
	2,29
	3,26

	-8
	1,07
	1,95
	2,93

	-7
	0,57
	1,56
	2,65

	-6
	0,35
	1,37
	2,48

	-5
	0,03
	1,16
	2,35

	-4
	-0,21
	0,89
	2,06

	-3
	-0,36
	0,80
	2,09

	-2
	-0,78
	0,32
	1,52

	-1
	-0,60
	0,54
	1,77

	0
	-0,86
	0,31
	1,56

	1
	-1,02
	0,34
	1,70

	2
	-1,13
	0,17
	1,51

	3
	-1,08
	0,09
	1,30

	4
	-1,05
	0,16
	1,49

	5
	-1,15
	0,21
	1,65

	6
	-1,09
	0,20
	1,51

	7
	-0,99
	0,24
	1,55

	8
	-1,19
	0,04
	1,38

	9
	-1,24
	0,05
	1,40

	10
	-1,45
	-0,07
	1,42
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[bookmark: _Ref458760221]Figure 10: S-RSRP measurement performance for EVA2700 propagation condition and CFO 1770Hz.

[bookmark: _Ref458760243]Table 9: 5th, 50th and 95th percentiles of deviation between ideal and measured S-RSRP for EVA2700 propagation condition and CFO 1770Hz.
	SNR[dB]
	Delta [dB]

	
	05 %tile
	50 %tile
	95 %tile

	-10
	1,87
	2,68
	3,61

	-9
	1,40
	2,28
	3,23

	-8
	1,00
	1,97
	3,05

	-7
	0,62
	1,56
	2,57

	-6
	0,24
	1,22
	2,26

	-5
	-0,10
	1,02
	2,19

	-4
	-0,35
	0,81
	2,12

	-3
	-0,40
	0,71
	1,91

	-2
	-0,77
	0,45
	1,87

	-1
	-0,73
	0,40
	1,66

	0
	-0,87
	0,33
	1,72

	1
	-1,20
	0,11
	1,45

	2
	-1,00
	0,17
	1,41

	3
	-1,07
	0,16
	1,48

	4
	-1,08
	0,21
	1,51

	5
	-1,28
	-0,04
	1,22

	6
	-1,20
	0,00
	1,31

	7
	-1,32
	0,02
	1,36

	8
	-1,33
	-0,02
	1,33

	9
	-1,30
	-0,06
	1,19

	10
	-1,26
	0,02
	1,30



Summary and Conclusion
We have provided S-RSRP measurement accuracy simulation results for AWGN, ETU and EVA propagation conditions for CFO ranging from 0 to 2700Hz. The simulation results indicate that S-RSRP is robust to carrier frequency offsets. The largest absolute values of 5th and 95th percentiles are less than 3.1 dB for SNR -6dB or higher.
Observation 1: Symbol-based S-RSRP measurements are robust to carrier frequency offsets of the magnitude foreseen for V2V operation. 
Observation 2: For the studied scenarios the largest deviation between measured and ideal S-RSRP is less than 3.1dB for SNR of -6dB or larger for any of the 5th and 95th percentiles.
Other companies are invited to provide simulation results for alignment.
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