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1. Introduction

For LTE V2X R15, 2 more single link demodulation tests are introduced
· Define two additional PSSCH test cases with GNSS based synchronization 
· PSSCH, 20MHz, MCS21, EVA180, 8RB, 1 retransmission.
· PSSCH, 10MHz, MCS4, EVA2700, 3RB,  1 retransmission.
We provide in this paper our simulation results according to the agreed simulation assumptions. 
2. Simulation Results
2.1. MCS 21
2.1.1. Simulation Assumption

Below are the detailed assumptions that we used in our simulation.

Table 1: Simulation assumptions for 64 QAM PSSCH

	Parameters
	Unit
	Values
	Comment

	Bandwidth
	MHz
	20
	As agreed

	RB
	
	8
	As agreed

	MCS
	
	21
	As agreed

	Time offset
	
	+24Ts
	As agreed in R14

	Frequency offset
	Hz
	+600, 1200
	As agreed with modification

	Propagation channel
	
	EVA 180
	As agreed

	Antenna configuration
	
	1x2 Low
	As agreed in R14

	Synchronization
	
	GNSS or GNSS-equivalent
	As agreed

	EVM
	
	0, 4, 8%
	No EVM value agreed


In the simulation assumption, we consider both 600Hz and 1200Hz frequency offset, even though it was agreed in last meeting that only +600Hz frequency offset is considered. The reason is that 600Hz frequency offset is quite challenging to realized in a real test scenario. In particular, one need to assume in the worst case that Rx side frequency error equal to what specified for the Tx side frequency error, which is 600Hz. That leaves no room for Test Equipment frequency error. So, the SNR point for this test should be based on 1200Hz CFO simulation assumption rather than 600Hz CFO assumption. Nevertheless, both are simulated to see the difference.
Another point for consideration is the EVM (Tx+Rx side), which RAN4 makes no common assumption. So we consider both 0%EVM and some reasonable of EVM (4% and 8%) to see the difference.
Table 2: FRC for 64 QAM PSSCH

	Parameter
	Unit
	Value
	Comment

	Channel bandwidth
	MHz
	20
	

	Allocated resource blocks
	
	8
	As agreed

	Scaled Resource Block
	
	6
	Scaling factor of 0.8

	DFT-OFDM Symbols per subframe 
(see Note 1)
	
	9
	Last symbol is rate matched

	Modulation
	
	64QAM
	As agreed

	Transport Block Size
	
	2600
	

	Transport block CRC

	Bits
	24
	

	Number  of HARQ retransmissions
	
	1
	

	Binary Channel Bits (see Note 1,2)
	Bits
	5184
	

	1. Note 1:
PSSCH transmissions are rate-matched for 9 DFT-OFDM symbols per subframe.

2. Note 2:
Binary channel bits per HARQ transmission.

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).


2.1.2. Simulation Result
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Figure 1. Simulation Result for 64QAM Test-600Hz CFO
[image: image2.emf]5


6


7


8


9


10


11


12


10


-1


10


0


 


 


0% EVM


4% EVM


8% EVM




5 6 7 8 9 10 11 12

10

-1

10

0

 

 

0% EVM

4% EVM

8% EVM


Figure 2. Simulation Result for 64QAM Test-1200Hz CFO

The simulation results are plotted in figure 1 and 2. The first observation is that the difference between 600Hz CFO and 1200 CFO is not significant, but not negligible neither. At 10% BLER point, the SNR difference is about 0.8dB. So it is safer to use 1200CFO result as the basis to define the test. For EVM, the span at 10% BLER SNR is within 0.5dB for EVM 0-8%. This result is inline with 10dB SNR operation point, in which the extra noise from EVM is about 10 + 20log10(0.08) = -12dB below noise floor, which corresponds to 10log10(1+ 10^(-1.2)) = 0.5dB in desense. Given this, we think that 4% EVM result can be use as the basis to define the test. Even if the actual EVM is a bit higher (mostly due to Rx side EVM, since Tx side EVM is usually very good for test equipment), the SNR difference can easily be absorbed into implementation margin.
Observation 1: At 10% BLER point:

· SNR difference between 600Hz CFO and 1200 Hz CFO is around 0.8dB

· SNR difference between 8%EVM and 0% EVM is around 0.5dB

Observation 2: 600 CFO is very challenging to realize in test scenario since Rx side frequency error alone is 600Hz.
Proposal 1: Use simulation result with 1200 Hz CFO and 4% EVM as the basis to define PSSCH 64QAM demodulation test.
Table 3. Simulation result for 64QAM-1200Hz CFO-4% EVM
	SNR
	5
	6
	7
	8
	9
	10
	11
	12
	13

	BLER
	0.8929
	0.7519
	0.5556
	0.4329
	0.3086
	0.1786
	0.0898
	0.0337
	0.0000


2.2. MCS 4
2.2.1. Simulation Assumption

Table 4: Simulation assumptions for QPSK PSSCH

	Parameters
	Unit
	Values
	Comment

	Bandwidth
	MHz
	10
	As agreed

	RB
	
	3
	As agreed

	MCS
	
	4
	As agreed

	Time offset
	
	+24Ts
	As agreed in R14

	Frequency offset
	Hz
	+1200
	As agreed in R14

	Propagation channel
	
	EVA 2700
	As agreed

	Antenna configuration
	
	1x2 Low
	As agreed in R14

	Synchronization
	
	GNSS or GNSS-equivalent
	As agreed


Table 5: FRC for QPSK QAM PSSCH

	Parameter
	Unit
	Value
	Comment

	Channel bandwidth
	MHz
	10
	

	Allocated resource blocks
	
	3
	As agreed

	Scaled Resource Block
	
	2
	Scaling factor of 0.8

	DFT-OFDM Symbols per subframe 
(see Note 1)
	
	9
	Last symbol is rate matched

	Modulation
	
	QPSK
	As agreed

	Transport Block Size
	
	120
	

	Transport block CRC

	Bits
	24
	

	Number  of HARQ retransmissions
	
	1
	

	Binary Channel Bits (see Note 1,2)
	Bits
	648
	

	3. Note 1:
PSSCH transmissions are rate-matched for 9 DFT-OFDM symbols per subframe.

4. Note 2:
Binary channel bits per HARQ transmission.

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).


2.2.2. Simulation Result
The simulation results are capture in plot and table format as bellows.
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Figure 2 Simulation result for QPSK, EVA 2700 test
Table 6 Simulation Result for QPSK EVA 2700Hz test

	SNR
	-3
	-2
	-1
	0
	1
	2
	3
	4

	BLER
	0.8547
	0.6757
	0.4505
	0.2500
	0.1035
	0.0584
	0.0286
	0.0000


This result can be used to define PSSCH QPSK demodulation test with rate matching and TBS scaling.
3. Conclusions

In this paper, we provide our simulation results to define R15 LTE V2X single link PSSCH demodulation tests.

Observation 1: At 10% BLER point:

· SNR difference between 600Hz CFO and 1200 Hz CFO is around 0.8dB

· SNR difference between 8%EVM and 0% EVM is around 0.5dB

Observation 2: 600 CFO is very challenging to realize in test scenario since Rx side frequency error alone is 600Hz.

Proposal 1: Use simulation result with 1200 Hz CFO and 4% EVM as the basis to define PSSCH 64QAM demodulation test.
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