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Introduction
We present our MPR simulation results for LTE-V2V waveforms for both the two cases: 1) SA and Data adjacent in frequency and 2) SA and Data nonadjacent in frequency. Some proposal on the definition of MPR for V2V is also discussed based on the obtained results. 
Discussion
In RAN4#80, a way forward [1] on treating the remaining RF issues for V2V is agreed. MPR is one of the high priority items
· Issue 1: MPR for PSCCH + PSSCH on adjacent/non-adjacent PRBs need further study
· Considerations: Separate DFT pre-coder, PRB size and location constraints, PSD imbalance
As discussed [2], the waveform with simultaneous PSCCH and PSSCH transmission (adjacent or non-adjacent) will be different from a single-cluster or multi-cluster PUSCH waveform due to multiple DFT pre-coders. IN other words, simultaneous PSCCH and PSSCH is a 2 x SC-FDMA waveform, while PUSCH single-cluster is SC-FDMA and multi-cluster PUSCH is (DFT-S-OFDM). The baseband processing is depicted in the figures below.
	

Figure 1: Single-cluster PUSCH transmission 
(SC-FDMA waveform)

	

Figure 2: Simultaneous (adjacent) PSCCH + PSSCH  transmission (2 x SC-FDMA waveform)





	

[bookmark: _Ref458776061]Figure 3: Multi-cluster PUSCH transmission
(DFT-S-OFDM waveform)
	

[bookmark: _Ref458776064]Figure 4: Simultaneous (non-adjacent) PSCCH + PSSCH transmission (2 x SC-FDMA waveform)



There are also other agreements in RAN1 and RAN4 that further affect the MPR study:
1. Sub channelization. (RAN1) 
a. Each V2V transmission must occupy an integer number of sub channels. In case SA and Data are adjacent, the occupied sub channels contain 2 RBs of SA at the start of first sub channel. In case SA and Data are nonadjacent, there will be SA sub channels and Data sub channels. The occupied sub channels include one SA sub channel and multiples Data sub channels. SA sub channels size is 2 RBs.  
b. Possible Data sub channel size is
i. {5, 10, 15, 20, 25, 50} RBs if SA and Data are adjacent
ii. {4, 5, 6, 8, 10, 12, 15, 16, 18, 20, 24, 25, 27, 30, 32, 36, 40, 48, 72, 96} RBs if SA and Data are nonadjacent.
c. If the number of remaining RBs used for Data transmission does not satisfy the DFT size constrain. The largest number of RBs that is smaller than the remaining RBs and satisfy the DFT size constrain is used. 
2. Emission Requirements (RAN4): It is agreed that in band 47, UTRA-ACLR1 and UTRA-ACLR2 requirements are not necessary.
3. There is a possible PSD boosting of X dB for SA, where X is likely to be 0 or 3 dB. Since SA is more likely to be near the band edge, this may negatively affects the out of band emission. 
QPSK
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Figure 1: MPR when SA and Data are adjacent, no PSD boosting for SA
In figure 1 are the MPR result for the case SA and Data are adjacent and QPSK modulation is used in Data (SA modulation is always QPSK). The first observation is that the number of possible waveforms is greatly reduced due to the sub channelization constraint. The second observation is that the MPR is much lower than legacy LTE MPR. This is mainly due to the fact that the emission requirement in band 47 is more relaxed (no UTRA-ACLR requirement).
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Figure 2. MPR when SA and Data are adjacent, 3dB boosting for SA
When there is 3dB power boosting for SA, the MPR result is captured in figure 2. As expected, the MPR result is a little worse due to increasing the PSD near the channel edge.
16 QAM
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Figure 3. MPR when SA and Data are not adjacent, no PSD boosting for SA
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Figure 4. MPR when SA and Data are not adjacent, 3dB boosting for SA
The MPR results for the case SA and Data are adjacent and 16QAM modulation is used in Data (SA modulation is always QPSK) are presented in Figure 3 and 4. We can see that the required backoff is a little higher for this modulation order.
Proposed MPR
Based on the simulation assumption, we propose to define MPR for 2x SC-FDM waveforms in LTE-V2V as follows
Table 1. MPR for 2x SC-FDM waveforms in LTE-V2V without SA power boosting
	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4
MHz
	3.0
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	

	QPSK
	
	
	
	> 19
	
	> 40
	≤ 0.5

	16 QAM
	
	
	
	>9 and ≤ 19
	
	> 9 and  ≤ 30
	≤ 0.5

	16 QAM
	
	
	
	> 19
	
	> 30
	≤ 1.5



		Table 2. MPR for 2x SC-FDM waveforms in LTE-V2V with 3dB SA power boosting
	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4
MHz
	3.0
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	

	QPSK
	
	
	
	> 9
	
	> 9
	≤ 1

	16 QAM
	
	
	
	>9 
	
	     > 9 
	≤ 1.5



Proposal 1: RAN4 to define the MPR for the case SA and Data adjacent as in Table 1 and Table 2.
Conclusion
Proposal 1: RAN4 to define the MPR for the case SA and Data adjacent as in Table 1 and Table 2.
References
[1] R4-167151, WF on V2X UE RF requirements, Qualcomm, Ericsson

3GPP
image1.emf
IDFT

Channel Bandwidth

DFT

precoder

N RBs

PUSCH


oleObject1.bin
IDFT


Channel Bandwidth


DFT
precoder


N RBs


PUSCH



image2.emf
IDFT

DFT

precoder

DFT

precoder

Channel Bandwidth

N RBs

PSSCH PSCCH


oleObject2.bin
IDFT


Channel Bandwidth


DFT
precoder


DFT
precoder


N RBs


PSSCH


PSCCH



image3.emf
IDFT

Channel Bandwidth

DFT

precoder

PUSCH (multi-cluster)


oleObject3.bin
IDFT


Channel Bandwidth


DFT
precoder


PUSCH (multi-cluster)



image4.emf
IDFT

DFT

precoder

DFT

precoder

Channel Bandwidth

PSSCH

PSCCH


oleObject4.bin
IDFT


DFT
precoder


DFT
precoder


Channel Bandwidth


PSSCH


PSCCH



image5.png
dB)

MPR

0.5

0.4

0.3

0.2

0.1

10 MHz, SA and Data Adjacent

o9 o
°
o
o
o
o
o o
10 20 30 40 50

Num RBs SA + Data




image6.png
MPR (dB)

04

0.35

0.3

0.25

0.2

0.15

0.1

0.05

20 MHz, SA and Data nonadjacent

o
o
g 0 o0 o
5 o
8 o
o
20 40 60 80 100

Num RBs SA + Data




image7.png
dB)

MPR

0.8

0.6

04

0.2

10 MHz, SA and Data adjcacent

=38 o
o
o
o o
@ [}
[
o
o
60
10 20 30 40 50

Num RBs SA + Data




image8.png
MPR (dB)

0.6

0.5

0.4

0.3

0.2

0.1

20 MHz, SA and Data adjacent

%o
o
o
o o
o o
5 o
© o
o
o oo © §
o
o o
%o
o
© <]
20 40 60 80 100

Num RBs SA + Data




image9.png
MPR (dB)

0.8

0.6

04

0.2

10 MHz, SA and Data adjacent

o e}
o
04 o
¢ o
o
o
o
o
o o
o
o
o
10 20 30 40 50

Num RBs SA + Data




image10.png
MPR (dB)

0.8

0.6

0.4

0.2

o1}

20 MHz, SA and Data adjacent

oo

20

go °°
o
o o
o o g o
cg o
o
o
o
5 8
5 o
o o
o ° 5
©s 0
o
oo o
40 60

Num RBs, SA +Data

80

100




image11.png
MPR (dB)

0.5

10 MHz, SA and Data adjacent

Num RBs, SA + Data

o o
6© o
o
e o
o [
o
o
8
o
o
PS o
o
10 20 30 40 50




image12.png
MPR (dB)

0.8

0.6

04

0.2

20 MHz, SA and Data adjacent

o
[ @ o
o o %o ©
o o
o
o o §
o ° go
[P o
o © o o
o
o °o 80
8 45 o
o o
o
o
o © o
o5 ee)
o o
o
%0
%o o
o
o
20 40 60 80 100

Num RBs, SA + Data




