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1. Introduction
The RAN4 WG needs to define the REFSENS requirements for the UEs supporting V2V communication capabilities. In order to define the corresponding RF requirements, the V2V demodulation performance for some typical reference channel needs to be estimated. In the previous RAN4 meeting a WF [1] on the related simulation assumptions for V2V REFSENS demodulation was agreed:
	Background
· Since the completion date of V2V WI is Sept. 2016, there remains just 1 meeting before completion of V2V WI including RAN4 RF/RRM core part, on time
· For the Rx RF core part requirements, the most important requirement in 3GPP is REFSENS since all the other Rx RF requirements are based on REFSENS level
· To make REFSENS requirements in RAN4 RF room, target SNR should be evaluated in RAN4 demod room.
Proposed simulation assumption

· Only applicable to RMCs for V2V REFSENS for the purpose SNR derivation of REFSENS requirement
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· The details of the parameters in square brackets above can be discussed over email prior to the next meeting to align the simulation assumptions and results.
Future Work

· E-mail discussion for remaining simulation assumption and RMCs for V2V REFSENS after RAN1 spec freezing
· Encourage interesting company to bring simulation results with impairment margin for target SNR of V2V PSSCH based on agreed RMC in next RAN4 meeting


Before the RAN4 #80 meeting additional e-mail discussion was organized and a set of candidate RMCs was identified. In this paper we provide our link level results based on assumptions from agreed WF and based on the RMCs discussed in the RAN4 e-mail reflector.
2. Simulation Parameters and Assumptions

Before RAN4 #80 meeting e-mail discussion on the downselection of possible simulation configurations were initiated. During this discussion the following simulation parameters (Table 1 and Table 2) were endorsed:
Table 1. Simulation assumptions

	Parameter
	Value

	AGC settling time (not used for demodulation)
	QPSK: 1 symbol

	Tx EVM
	10%

	UE RRC state
	Not required for simulation purpose

	Propagation channel
	Static; H = [1 ; 1]

	Doppler spectrum
	N/A

	Timing error
(between Sync reference and V2V Tx)
	±12Ts

	Frequency error
(between sync reference and V2V Tx)
	±600 Hz

	HARQ retransmissions
	0

	Soft-combining 
	N/A

	SA Joint decoding
	Not required for simulation purpose

	Performance metric
	SNR @ 5 % [BLER]/[Throughput]


Table 2. PSSCH RMC for V2V REFSENS
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	
	
	
	48
	
	96

	Subcarriers per resource block
	
	
	
	
	12
	
	12

	Packets per SA period
	
	
	
	
	1
	
	1

	Modulation
	
	
	
	
	QPSK
	
	QPSK

	Target Coding Rate
	
	
	
	
	[1/3]
	
	[1/3]

	Transport Block Size
	
	
	
	
	3496
	
	6968

	Transport block CRC
	Bits
	
	
	
	24
	
	24

	Number of Code Blocks per Sub-Frame
	
	
	
	
	1
	
	2

	Maximum number of HARQ transmissions
	
	
	
	
	[1]
	
	[1]

	Binary Channel Bits per subframe
	Bits
	
	
	
	11520
	
	23520

	Max. Throughput averaged over 1 SA
period of 100ms
	kbps
	
	
	
	34.96
	
	69.68

	UE Category
	
	
	
	
	≥ 1
	
	≥ 1

	Note 1: 2RBs allocated to SA transmission and 4 symbols allocated to RS. 

Note 2: Throughput (in kbps) will depend on SA period configuration. 

Note 3: If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).


The RAN4 work on the demodulation requirements is yet to start, but since this paper involves definition of the requirements, we would like to share some high level observations on the receiver assumptions to be used for the demodulation simulations:

· Channel and parameters estimation: In general case, the V2V receivers may not have information about transmitter conditions like speed, synchronization and may not have a priory information on the channel propagation characteristics. Therefore, in order to assess realistic performance requirements it is important that companies consider realistic assumptions on the channel and parameters estimation. 
· CFO estimation: Based on RAN1 study, the LTE based V2V services are expected to operate for up to the 6GHz carrier frequency and in scenarios with up to 500 km/h relative vehicles speeds. Such conditions may lead to negative effects like high carrier offset and Doppler spread. Therefore, in RAN1 it was agreed to re-design the PSCCH/PSSCH/PSBCH DMRS structure and in particular increase DMRS density (4 DMRS per subframe for PSSCH and PSCCH). Such DMRS structure in case of baseline algorithm for carrier frequency offset is used (i.e. estimation of phase difference between channel coefficients from different OFDM symbols corresponding to DMRS positions) allows to handle up to 2.3 kHz offset. However, for scenarios with 6GHz carrier frequency, 500 km/h relative vehicles speeds and ideal synchronization carrier frequency offset can be equal to 2.8 kHz. To handle high carrier frequency offset UE can use advanced processing for carrier frequency offset estimation, but such processing may require increased UE implementation complexity. Therefore, at current stage we recommend that cross DMRS estimation is applied unless there are clear agreements on using enhanced algorithms.
3. Simulation Results

In Figure 1 we present our link level simulation results for two scenarios:
· Without TFO: Time offset = 0 ms. Frequency offset = 0 Hz. TFO estimation is disabled
· With TFO: Time offset = 12 Ts. Frequency offset = 600 Hz. TFO estimation is enabled.
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	Figure 1. PSSCH demodulation simulation results


In Table 3 we provide SNR values for 5% BLER and impairment results in case practical TFO estimation is enabled.
Table 3. V2V REFSENS results summary

	Bandwidth
	SNR @ 5 % BLER
	Impairment results

	10 MHz
	-1.4
	0.6

	20 MHz
	-1.4
	0.6


4. Conclusions

In this contribution, we have provided our link level simulation results for the V2V REFSENS demodulation test.

The Excel spreadsheet with the performance analysis summary is attached below.
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Simulation Assumption

		Simulation assumptions for V2V REFSENS

		Parameter		Value

		AGC settling time 
(not used for demodulation)		QPSK: 1 symbol

		Tx EVM		10%

		UE RRC state		Not required for simulation purpose

		Propagation channel		Static; H = [1 ; 1]

		Doppler spectrum		N/A

		Timing error 
(Sync reference and V2V Tx)		[±12Ts]

		Frequency error
(Sync reference and V2V Tx)		Option 1 : ±[200]Hz 
Option 2 : ±[600]Hz

		HARQ retransmissions		[0]

		Soft-combining		N/A

		SA Joint decoding		Not required for simulation purpose

		Performance metric		SNR @ 5 % [BLER]/[Throughput]





RMC

		PSSCH RMC for V2V REFSENS

		Parameter		Unit		Value

		Channel bandwidth		MHz		1.4		3		5		10		15		20

		Allocated resource blocks										48				96

		Subcarriers per resource block										12				12

		Packets per SA period										1				1

		Modulation										QPSK				QPSK

		Target Coding Rate										[1/3]				[1/3]

		Transport Block Size										3496				6968

		Transport block CRC		Bits								24				24

		Number of Code Blocks per Sub-Frame										1				2

		Maximum number of HARQ transmissions										[1]				[1]

		Binary Channel Bits per subframe		Bits								11520				23520

		Max. Throughput averaged over 1 SA
period of 100ms		kbps								34.96				69.68

		UE Category										≥ 1				≥ 1

		Note 1:      2RBs allocated to SA transmission and 4 symbols allocated to RS.
Note 2:      Throughput (in kbps) will depend on SA period configuration.
Note 3:      If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).





Impairment Results

		Impairment results for V2V REFSENS

				Company 1		Intel		Company 2		Company 3		Company 4		Company 5		0		0		STD		SPAN		AVE

		10 MHz				0.60		0.00		0.00		0.00		0.00						0.00		0.00		0.60

		20 MHz				0.64														0.00		0.00		0.64





10 MHz

				(a) Without TF offset																				(b) With TF offset w/ realistic estimation and correction

				CINR [dB]		Company 1		Intel		Company 2		Company 3		Company 4		Company 5								CINR [dB]		Company 1		Intel		Company 2		Company 3		Company 4		Company 5

				-5				1																-5				1

				-4.75				1																-4.75				1

				-4.5				1																-4.5				1

				-4.25				1																-4.25				1

				-4				1																-4				1

				-3.75				1																-3.75				1

				-3.5				1																-3.5				1

				-3.25				1																-3.25				1

				-3				1																-3				1

				-2.75				1																-2.75				1

				-2.5				1																-2.5				1

				-2.25				0.996																-2.25				1

				-2				0.85																-2				0.994

				-1.75				0.213																-1.75				0.767

				-1.5				0.008																-1.5				0.173

				-1.25																				-1.25				0.007

				-1																				-1

				-0.75																				-0.75

				-0.5																				-0.5

				-0.25																				-0.25

				0																				0

				0.25																				0.25

				0.5																				0.5

				0.75																				0.75

				BLER alignment results								BLER				5%

						Company 1		Intel		Company 2		Company 3		Company 4		Company 5		0		0		STD		SPAN		AVE

				(a)		0.00		-1.64		0.00		0.00		0.00		0.00						0.00		0.00		-1.64

				(b)		0.00		-1.40		0.00		0.00		0.00		0.00						0.00		0.00		-1.40
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				(a) Without TF offset																				(b) With TF offset w/ realistic estimation and correction

				CINR [dB]		Company 1		Intel		Company 2		Company 3		Company 4		Company 5								CINR [dB]		Company 1		Intel		Company 2		Company 3		Company 4		Company 5

				-5				1																-5				1

				-4.75				1																-4.75				1

				-4.5				1																-4.5				1

				-4.25				1																-4.25				1

				-4				1																-4				1

				-3.75				1																-3.75				1

				-3.5				1																-3.5				1

				-3.25				1																-3.25				1

				-3				1																-3				1

				-2.75				1																-2.75				1

				-2.5				1																-2.5				1

				-2.25				1																-2.25				1

				-2				0.968																-2				1

				-1.75				0.373																-1.75				0.951

				-1.5				0.011																-1.5				0.367

				-1.25																				-1.25				0.01

				-1																				-1				0.001

				-0.75																				-0.75

				-0.5																				-0.5

				-0.25																				-0.25

				0																				0

				0.25																				0.25

				0.5																				0.5

				0.75																				0.75

				BLER alignment results								BLER				5%

						Company 1		Intel		Company 2		Company 3		Company 4		Company 5		0		0		STD		SPAN		AVE

				(a)		0.00		-1.61		0.00		0.00		0.00		0.00						0.00		0.00		-1.61

				(b)		0.00		-1.36		0.00		0.00		0.00		0.00						0.00		0.00		-1.36
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