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Introduction
In the eV2Xwork item, RAN working groups are mandated with specifying requirements to support 64QAM modulation order for V2X Service. Within scope of RAN4 RF spec, the work includes introducing the corresponding Tx and Rx requirements. Since Rx requirements have been discussed and agree in previous meetings [], in this paper we concentrate on open Tx requirements, namely:
1. MPR requirement for single carrier waveforms with adjacent control and data clusters. (Power class 3)
2. MPR requirement for 2 adjacent carriers CA waveforms with adjacent control and data clusters in each cluster. (Power class 3)
3. A-MPR requirements for single carrier waveforms with adjacent control and data clusters. (Power class 3)
We also discuss a list of open requirements that we are unable to address in this paper due to lack of time. Those issues are to be further study in the subsequence meetings.
MPR Simulation Result 
All of the simulation result in this paper is for Power Class 3 with adjacent control and data clusters in each carrier.
MPR for Single Carrier Waveforms
The MPR for single carrier waveforms are plotted in Figures 1 and 2 for channel bandwidth 10MHz and 20 MHz, respectively. With this result, we think that the MPR proposed in [2] is acceptable. 
Table 1: Maximum Power Reduction (MPR) for power class 3 V2X Communication (Contiguous PSCCH and PSSCH transmission)
	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

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

	QPSK
	
	
	
	-
	
	-
	≤ 1.5

	16 QAM
	
	
	
	-
	
	-
	≤ 2

	64 QAM
	
	
	
	-
	
	-
	≤ 2.2



Proposal 1: The MPR for 64QAM single carrier waveforms is 2.2dB.
[image: ] [image: ]
MPR for 2 Adjacent Carriers CA Waveforms
For CA waveforms, we only considered 2 adjacent carriers case, since it is the only CA mode supported up to now. The MPR in our simulation is checked against, E-UTRA ACLR, SE, SEM, IBE and EVM condition.
Based on the result, we propose the following formula for the MPR in this case:
MA =      6.5		                    ; 0 ≤ A < 0.1
8 - 15A 		      ; 0.1 ≤ A < 0.2
5.8 – 4A		      ; 0.2 ≤ A < 0.7
3			      ; 0.7≤ A ≤ 1.
The corresponding piecewise linear function is plotted in the same figure for visualization 
[image: ]
Proposal 2: The MPR for 2 adjacent carriers CA waveform is:
MA =      6.5		                    ; 0 ≤ A < 0.1
8 - 15A 		      ; 0.1 ≤ A < 0.2
5.8 – 4A		      ; 0.2 ≤ A < 0.7
3			      ; 0.7≤ A ≤ 1.
A-MPR for Single Carrier Waveforms
For A-MPR, since the V2X A-MPR is specified based on a combination of channel centre frequency, number of allocated RB and start RB location of the waveforms, presenting the result in a plot against the allocated RB provide little information. Instead, we present our result in a tabular form as below. The format is in consistence with the approach adopted in our companion contribution [4]. The A-MPR value is further grouped by the effective peak antenna gain (peak gain – cable loss) to support the wide range of such value in vehicular UEs.
Table 1 Waveform Index for V2X A-MPR Specification
	Channel
 center
	Num RB
	Start RB 
	Waveform 
Index

	5860
	<=10
	0
	1

	5860
	<=10
	>= 5 & <= 6
	2

	5860
	<=10
	>=10 & <=12
	3

	5860
	<=10
	>=15 & <=45
	4

	5860
	>=11 & <=22
	0
	5

	5860
	>=11 & <=22
	>=5 & <=6
	6

	5860
	>=11 & <=22
	>=10 & <=12
	7

	5860
	>=11 & <=22
	>=15 & <=18
	8

	5860
	>=11 & <=22
	>=20 & <=25
	9

	5860
	>=11 & <=22
	>=30 & <=45
	10

	5860
	>=23 & <=50
	<=6
	11

	5860
	>=23 & <=51
	>=10 & <=12
	12

	5860
	>=23 & <=52
	>=15 & <=18
	13

	5860
	>=23 & <=53
	>=20 & <=25
	14

	5870
	<=19
	<=50
	15

	5870
	>=20 & <=44
	<=50
	16

	5870
	>=45 & <=50
	<=50
	17

	5880
	 <=10
	<=50
	18

	5880
	>=11 & <=38
	<=50
	19

	5880
	>42
	<=50
	20



Table 2. A-MPR of 64QAM modulation order.
	64 QAM

	Waveform
 Index
	0 dBi
	1 dBi
	2 dBi
	3 dBi
	4 dBi
	5 dBi
	6 dBi
	7 dBi

	1
	12.9
	13.5
	14.4
	14.9
	16.2
	17.1
	17.9
	19.0

	2
	5.9
	6.7
	7.1
	7.7
	8.4
	9.0
	9.6
	10.3

	3
	3.7
	4.2
	4.5
	5.0
	5.5
	6.2
	6.8
	7.4

	4
	2.9
	4.0
	4.8
	5.7
	6.6
	7.4
	8.5
	9.3

	5
	12.5
	13.3
	13.9
	14.7
	15.3
	16.1
	16.7
	17.7

	6
	9.4
	10.1
	10.6
	11.2
	11.8
	12.4
	13.0
	13.6

	7
	7.4
	8.1
	8.6
	9.3
	10.0
	10.4
	11.2
	11.6

	8
	3.7
	4.2
	4.6
	5.0
	5.7
	6.4
	7.0
	7.6

	9
	2.6
	3.3
	3.7
	4.1
	4.6
	5.2
	6.1
	6.8

	10
	2.0
	2.7
	3.2
	3.7
	4.3
	5.2
	6.0
	6.9

	11
	10.6
	11.2
	11.8
	12.5
	13.2
	14.0
	14.6
	15.3

	12
	8.1
	8.7
	9.3
	9.9
	10.5
	11.1
	11.7
	12.4

	13
	7.1
	7.7
	8.4
	9.0
	9.7
	10.3
	10.9
	11.5

	14
	4.3
	4.8
	5.6
	6.2
	6.8
	7.5
	8.2
	8.9

	15
	0.6
	1.3
	1.6
	1.8
	2.4
	3.2
	4.3
	5.4

	16
	0.0
	0.0
	0.3
	0.6
	1.0
	1.4
	1.7
	2.2

	17
	0.1
	0.5
	0.8
	1.1
	1.5
	1.9
	2.2
	2.6

	18
	0.6
	1.1
	1.6
	1.8
	2.5
	2.9
	3.4
	3.9

	19
	0.0
	0.0
	0.0
	0.5
	1.0
	1.6
	2.1
	2.7

	20
	0.0
	0.0
	0.0
	0.4
	0.8
	1.6
	2.0
	2.4



Open Issues
First of all, it worth noting that the result presented in this paper only apply for power class 3 with 23dBm max conducted output power. For power class 2, the difference is in the ACLR requirements, max conducted output power of 26dBm and an assumed effective (i.e. already deduct feeding cable loss) peak antenna gain of 6-7dBi. So, the same set of simulations need to be redo for power class 2.
Secondly, we also need MPR and A-MPR simulation results for waveforms with non-adjacent control and data clusters. The number of such waveforms are significantly more than that of the waveforms with adjacent control and data, especially for the CA case. So, the amount the simulation works is much more in this case. Given the limited available time budget, we propose that this work to be address in a best effort basis. If the simulation cannot be finished within the work item, then 64QAM feature is not supported for CA in the scope of release 15. On the other hand, simulations for single carrier may still be feasible, and should be addressed hand in hand with IBE considerations []. The same discussion here applies to both power class 2 and 3.
Proposal 3: RAN4 to prioritize the study and specification of:
1. MPR and A-MPR of 64QAM modulation for single carrier and 2 adjacent carrier CA waveforms with adjacent control and data clusters for power class 2.
2. MPR and A-MPR of 64QAM modulation for single carrier waveforms with non-adjacent control and data clusters for power class 3, taking IBE requirements into account.
3. MPR and A-MPR of 64QAM modulation for single carrier waveforms with non-adjacent control and data clusters for power class 2, taking IBE requirements into account.
Proposal 4: For MPR and A-MPR of 64QAM modulation for 2 adjacent carrier CA waveforms with non-adjacent control and data clusters (both power class 2 and 3), if the simulation works cannot be finished in time, the corresponding feature is not supported in Release 15.
Conclusion
Proposal 1: The MPR for 64QAM single carrier waveforms is 2.2dB.
Proposal 2: The MPR for 2 adjacent carriers CA waveform is:
MA =      6.5		                    ; 0 ≤ A < 0.1
8 - 15A 		      ; 0.1 ≤ A < 0.2
5.8 – 4A		      ; 0.2 ≤ A < 0.7
3			      ; 0.7≤ A ≤ 1.
Proposal 3: RAN4 to prioritize the study and specification of:
1. MPR and A-MPR of 64QAM modulation for single carrier and 2 adjacent carrier CA waveforms with adjacent control and data clusters for power class 2.
2. MPR and A-MPR of 64QAM modulation for single carrier waveforms with non-adjacent control and data clusters for power class 3, taking IBE requirements into account.
3. MPR and A-MPR of 64QAM modulation for single carrier waveforms with non-adjacent control and data clusters for power class 2, taking IBE requirements into account.
Proposal 4: For MPR and A-MPR of 64QAM modulation for 2 adjacent carrier CA waveforms with non-adjacent control and data clusters (both power class 2 and 3), if the simulation works cannot be finished in time, the corresponding feature is not supported in Release 15.
References
[1] TS 36.101	  Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception
[2] R4-1707974  Discussion on RF requirements for sidelink 64QAM Discussion on RF requirements for sidelink 64QAM. Huawei
[bookmark: _GoBack][3] R4-1610955  Simulation Assumption for A-MPR of V2V Waveforms. Qualcomm Inc., LGE

8

6

image1.png
14

12

08

06

0.4

02

o

Primary Antenna64QAM

o
o
o
° o 0 |4
o o
s ° 4, ©
o o
<o [
o
09 5 ©
o
e | o ©
o
5 [}
o
8

20 25 3 3 4 45 50




image2.png
Primary Antenna64QAM

100

°
o o
8
00 @ oot s
00 ocow®
oo o0 o o
3
o ocm amo oo
° oo o o o s
° 000 com © © o
o 999  $ O 04 G OO s
° ° o oo
° o o o ® ° 9o
o] fele] o o =
° o oo oo o
o o ooo o o 8
° oo o
0% © 8 6088 o™
° o
o 0 0 e 0P lo
ROV | °0 o

09
08




image3.png
Primary Antenna64QAM

© Simuated Data
Proposed Formuia





