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Introduction
For V2X, additional requirements (A-SEM, A-SE and receiver SE) are added to address the European Harmonised standard requirements. These requirements are defined in conducted terms and will be tested at the antenna connector, this follow the same methodology for other type of UEs in 36.101.
The problem is that all the UE considered in 36.101 so far are handheld devices, with small form factor and omnidirectional antenna. For those kind of devices, there is almost no feeding cable lost and the antenna gain is usually no more than 0dBi. Hence, the conducted requirements defined in 36.101 are usually sufficient to allow these kinds of UEs to meet the corresponding regulatory requirement.  
For vehicular UEs, the form factor is much larger, so the C-V2X chipset can be quite far away from where the antenna is installed, so some considerable feeding cable is needed and cable loss is inevitable. Furthermore, the antenna used for car are usually 2-D directional with maximum gain in the horizontal direction. The peak gain of such antenna is always significantly larger than 0dBi. Given these factors, the combined effect of cable loss and peak eirp can leads to a net peak eirp in a very large range. The current RF spec, which is defined based on 0dBi of net peak eirp may not be sufficient to support these kind of UEs.
Analysis
The Problem
For the typical value of the peak antenna gain for vehicular UE, one can take for example, the value in Table 1 [3].Table 4 Antenna performance of DSRC UE for V2X service in ITS spectrum
Maker
Type
Supported mode
Antenna Gain in 5.9GHz [dB]
Comment
Vendor A
Shark
GPS, GSM/LTE, WiFi, ITS
5dBi

Vendor A
Stick
ITS
6dBi~ 12dBi
Ant. Length: Up to 45.7cm
Vendor B
Patch
ITS
6dBi

Vendor C
Stick
ITS
5dBi
Ant. Length: 30cm
Vendor D
Shark
GPS, WiFi, ITS
5dBi


Table 1 Extract of Typical Peak Antenna Gain for Vehicular UE in Band 47

 
For the feeding cable loss, the following data can be used
Table 2: Typical Cable loss at 5.9GHz
	Config
	Type
	Cable Length
	Total Cable loss
	Comment

	Config 1
	2.2dB/m
	0.3 m
	0.66dB
	Device close to antenna

	Config 2
	2.2dB/m
	3 m
	6.6dB
	Device moderately faraway from antenna

	Config 3
	2.2dB/m
	6m
	13.2dB
	Device very faraway from antenna



Given these data, one can have characterise the combined effect of these  effects as
Table 3. Effective Peak Gain for Vehicular UE at Band 47
	Antenna Gain
	Cable loss
	Net effect
	Likeliness

	3dBi
	0.7dB
	2.3dBi
	Unlikely

	
	6.6dB
	-3.6dBi
	Unlikely

	
	13.2dB
	-10.2dBi
	Unlikely

	6dBi
	0.7dB
	6.3dBi
	Likely

	
	6.6dB
	-0.6dBi
	Likely

	
	13.2dB
	-7.2dBi
	Unlikely

	12dBi
	0.7dB
	11.3dBi
	Unlikely

	
	6.6dB
	5.4dBi
	Likely

	
	13.2dB
	-1.2dBi
	Likely



It worth noticing the some combination list above are not quite practical. For example, when an OEM decides to go with a relatively low gain antenna, then they may want to shorten the feeding cable to minimize the cable loss. As a rule of thumb, any combination that results in a big negative net gain is unlikely since it will negatively affect both Tx and Rx performance. Furthermore, configuration with very high antenna gain (12dBi) and small cable lost is also unlikely due to high cost. 
In 3GPP, all UE RF requirements are defined in terms of conducted power at the antenna connector (not including cable feed) with the assumed effective peak antenna gain (i.e. peak gain – cable loss) of 0dBi for 2 reasons:
1. The UE chipset vendor has no control whatsoever on what happen beyond the antenna connector.
2. For handset UE, cable loss is very minimal due to small form factor and the antenna is usually omnidirectional with small peak gain. Even in the case where the effective peak antenna gain deviate slightly from 0dBi, good UE chipset usually gives enough margin to accommodate that. 
 Given the wide range of effective antenna gain in vehicular UE (up to 6.3dBi as shown in the above table), it’s impossible for any UE chipset to have enough margin to accommodate such range. Thus, some standard support is necessary.
Observation 1: The range of effective peak antenna gain (peak gain – cable loss) is very large for vehicular UE at band 47. Thus, some spec support is needed for OEM to meet regional requirement.
The Solution
This problem has been discussed in quite detail in the previous meeting, and the high level agreement is to reuse the same approach for base station for vehicular UE in band 47. So before going to the detail solution for vehicular UE, it worth reviewing in detail the solution adopted for Base Staion.
In Base Station specification [2], the same issue comes up for band 32 and band 46 where additional requirements are stated in e.i.r.p.
Table 6.6.3.3-9: Operating band 32 declared emission outside 1452-1492 MHz
	Filter centre frequency, Ffilter
	Declared emission level [dBm]
	Measurement bandwidth

	1429.5 MHz ≤ Ffilter ≤ 1448.5 MHz
	PEM,B32,d
	1 MHz

	Ffilter =  1450.5 MHz
	PEM,B32,e
	3 MHz

	Ffilter  = 1493.5 MHz
	PEM,B32,e
	3 MHz

	1495.5 MHz ≤ Ffilter ≤ 1517.5 MHz  
	PEM,B32,d
	1 MHz



NOTE:	The regional requirement, included in [16], is defined in terms of EIRP, which is dependent on both the BS emissions at the antenna connector and the deployment (including antenna gain and feeder loss). The requirement defined above provides the characteristics of the base station needed to verify compliance with the regional requirement. The assessment of the EIRP level is described in Annex H.
In addition for Band 46 operation, the BS may have to comply with the applicable spurious emission limits established regionally, when deployed in regions where those limits apply and under the conditions declared by the manufacturer. The regional requirements may be in the form of conducted power, power spectral density, EIRP and other types of limits. In case of regulatory limits based on EIRP, assessment of the EIRP level is described in Annex H.
The assessment of the e.i.r.p. level in Annex H is, 
“Some regional requirements are defined per effective isotropic radiated power (EIRP), which is a combination of the transmitted power (or in some cases spectral density) and the effective antenna gain which is a site specific condition. Such requirements may be applied per antenna, per cell, or per base station. It shall be noted that the definition of BS or cell may differ between regulations. Where the regulator prescribes a method for EIRP calculation, that method supersedes the proposed assessment in this annex.
The 3GPP specifications mandate manufacturer declarations of the (conducted) output power or power spectral density per connector for the base station under the reference conditions stated as a way to accommodate the referred regional requirements without putting requirements on the local site conditions.
For the case when the base station manufacturer maximum output power or unwanted emission declarations apply per antenna connector, the maximum EIRP can be estimated using the following formulas:
EIRP per antenna:	PEIRP = PTx + GAnt 
EIRP per cell or per BS: 	PEIRPcell =10 * log (∑10PEIRPn/10)
In case the EIRP requirement is set per polarisation, the summation shall be made per polarisation.
"PEIRP" is the resulting effective isotropic radiated power (or radiated power spectral density) resulting from the power (or power spectral density) declared by the manufacturer in dBm (or dBm/measurement BW).
"PTx" is the conducted power or power spectral density declared by the manufacturer in dBm (or dBm/measurement BW) 
"GAnt" is the effective antenna gain, calculated as the antenna gain (dBi) minus the loss of the site infrastructure connecting the BS antenna connector with the antenna (dB) for the applied frequency. The antenna nominal gain is only applicable within a certain frequency range.
"n" is the index number of the co-located antennas illuminating the same cell. PEIRPn is the PEIRP of the n:th antenna.
"Cell" is in this annex used in the sense that it is the limited geographical area covered by the carrier transmitted from one site.”
So, in principle, the requirements will be defined in e.i.r.p. matching with the corresponding regional requirement, but the base station equipement won’t be test against those requirements itself. Instead, they are allowed to declare for each limit in the regional requirement a conducted emission level, together with a declared (conducted) output power or power spectral density per connector . These declaration allow for the installation to calibrate the cable loss and antenna gain accordingly in order to meet the regional requirement in eirp.
Back into the problem of UE RF requirements in band 47, so far, the UE has not been allowed to make any declaration in RF conformance test. If the same principle of base station is adopted, such a declaration mechanism is necessary. There are basically 2 types of declarations:
1. Emission level declaration: there are 2 main types of additional emission requirements for vehicular UEs at B47: A-SEM and A-SE.Table 4: A-SEM for Vehicular UE at band 47
When "NS_33" or “NS_34” is indicated in the cell, the power of any V2X UE emission shall not exceed the levels specified in Table 6.6.2.2.4-1.
Table 6.6.2.2.4-1: Additional requirements for 10MHz channel bandwidth
Spectrum emission limit (dBm)/ Channel bandwidth
ΔfOOB
(MHz)
10 MHz
Measurement bandwidth
 0-0.5
[]
100 kHz
 0.5-5
[]
100 kHz
 5-10
[]
100 kHz

NOTE:	As a general rule, the resolution bandwidth of the measuring equipment should be equal to the measurement bandwidth. However, to improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth. 
NOTE:	Additional SEM for V2X overrides any other requirements in frequency range 5855-5950MHz.

 



Table 5 A-SE for Vehicular UE at band 47

A common observation is that the applicable frequency range of the A-SEM and A-SE requirement are in a small range from 5815MHz to 5950MHz. Within that range, one may expect that the antenna peak eirp performance and the cable loss characteristic remain the same. Since the purpose of the declared emission level is to accommodate these 2 factors, a single positive marginal value D compared to the existing requirement in 36.101 is sufficient. D can be understood as the expected post antenna port gain of the UE. The A-SEM and A-SE requirements will become those in tables 6 and 7.When "NS_33" or “NS_34” is indicated in the cell, the power of any V2X UE emission shall not exceed the levels specified in Table 6.6.2.2.4-1.
Table 6.6.2.2.4-1: Additional requirements for 10MHz channel bandwidth
Spectrum emission limit (dBm)/ Channel bandwidth
ΔfOOB
(MHz)
10 MHz
Measurement bandwidth
 0-0.5
[] – D
100 kHz
 0.5-5
[] – D
100 kHz
 5-10
[] - D
100 kHz

NOTE:	As a general rule, the resolution bandwidth of the measuring equipment should be equal to the measurement bandwidth. However, to improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth. 
NOTE:	Additional SEM for V2X overrides any other requirements in frequency range 5855-5950MHz.
[bookmark: _Hlk506726490]NOTE:     D is the positive expected post-antenna port gain declared by the UE.
NOTE:     A UE is required to declare at least one value of D. The UE can declare more than 1 value of D.
Table 6: A-SEM for Vehicular UE at band 47 with expected post-antenna port gain
E-UTRA Band
Spurious emission 

Protected band
Frequency range (MHz)
Maximum Level (dBm)
MBW (MHz)
NOTE
47
E-UTRA Band 1, 3, 5, 7, 8, 22, 26, 28, 34, 39, 40, 41, 42, 44, 45, 65, 68
FDL_low 
-
FDL_high
-50
1


Frequency range
5925
-
5950
-30
1
38, 40

Frequency range
5815
-
5855
-30
1
38








NOTE 38:	Applicable when NS_33 or NS_34 is configured by the pre-configured radio parameters.
NOTE 40: In the frequency range x-5950MHz, SE requirement of -30dBm/MHz should be applied; where x = max (5925, fc + 15), where fc is the channel centre frequency.


[bookmark: _Hlk506732476][bookmark: _Hlk506732477][bookmark: _Hlk506732478]Table 7 A-SE for Vehicular UE at band 47 with expected post-antenna port gain
E-UTRA Band
Spurious emission 

Protected band
Frequency range (MHz)
Maximum Level (dBm)
MBW (MHz)
NOTE
47
E-UTRA Band 1, 3, 5, 7, 8, 22, 26, 28, 34, 39, 40, 41, 42, 44, 45, 65, 68
FDL_low 
-
FDL_high
-50
1


Frequency range
5925
-
5950
-30 – D
1
38, 40

Frequency range
5815
-
5855
-30 – D
1
38








NOTE 38:	Applicable when NS_33 or NS_34 is configured by the pre-configured radio parameters.
NOTE 40: In the frequency range x-5950MHz, SE requirement of -30dBm/MHz should be applied; where x = max (5925, fc + 15), where fc is the channel centre frequency.
NOTE:     D is the positive expected post-antenna port gain declared by the UE.
NOTE:     A UE is required to declare at least one value of D. The UE can declare more than 1 value of D.



Observation 2: The A-SEM and A-SE requirements for vehicular UE at B47 applies to a frequency range from 5815MHz to 5950MHz, in which little variation is expected in terms of antenna gain and cable loss characteristics.
Proposal 1: The UE is required to declare a common marginal value compared to the existing A-SEM and A-SE requirements. This value is called expected post-antenna port gain.
2. Output power and/or Power Spectral Density limit. The base stations are allowed to declare a single value for this. However, the same cannot be apply to UE since they has many different transmission waveforms depend on the allocated bandwidth, even without consideration of antenna gain and cable loss, due to MPR and A-MPR. Thus, the only viable option is to define the A-MPR depending on the declared emission margin. 
One may argue that any gain getting from using an antenna with higher directional gain may be countered by the increasing A-MPR required to meet the more stringent emission requirement. We show that this is not the case for the majority of channels in band 47. Basically, for any waveforms in channel frequency centers 5880, 5890, 5900, 5910, 5920 MHz,  each 1dB increase in peak antenna gain brings at least 0.5dB increase in peak eirp output. Given this, we think that it is worth considering specification support for enabling expected post-antenna port gain larger than 0dBi. 
This, however, requires a lot of simulation work. Basically, for each value of the declared margin, a whole set of A-MPR value for each waveform needed to be simulated and specified. One way to get around this is to specify the A-MPR for the quantized value of the declared margin at 1dB quantization step only (i.e. 0dBi, 1dBi, …, 7dBi). For any declared value that fall between 2 quantization points, either the A-MPR of the upper value or the linear interpolation of the A-MPR is used.
Observation 3: A-MPR needed to be defined for each of the declared margins in order to support multiple value of post-antenna port gains for the same UE implementation.
Proposal 2: RAN 4 to simulate and specify A-MPR for margin value of 0, 1, …, 7 db.
Proposal 3: For any margin value that falls between 2 specified points, either linear interpolation or upper value of A-MPR is used. 

A-MPR Simulation Result
We present in this section the A-MPR simulation result for different declared margin values. The simulation assumption is the same as in [4]. The only difference is that when check against the A-SEM and A-SE requirement, we take the margin value into account. As the trend result is similar to A-MPR result for 0dB margin, only the actual A-MPR value is higher for higher margin values. Thus, it makes sense to keep the current A-MPR specification structure, and add new A-MPR value entries for new margin value. We capture the current A-MPR structure in Table with a small adjustment. The adjustment is to accommodate the sub-channel size of 6RBs, which was originally missed out in the specification. The A-MPR values for QPSK and 16QAM is provided in Tables and. We also simulate 64QAM, the results are provided in our companion contribution [5].
As observed, with higher expected gain, more A-MPR is needed in order to meet more stringent conducted requirements (assuming the same RFIC and PA design). As this may counter any benefit given by using higher peak gain antenna, we show in Tables X and X, the expected peak eirp output for each waveform and each expected post-antenna port gain value. We also compare this peak expected eirp output with the reference case where the expected post-antenna port gain is 0dBi in Tables Y and Y. Based on the obtained data, the following observations can be made:
1. The peak eirp output is always increasing with the expected post-antenna port gain value.
2. The gain varies slightly with modulation order.
3. The gain is waveform dependent. Minimal gain is observed at waveform 1 and 4 due to close proximity to the -30dBm/MHz A-SEM zone and narrow allocation bandwidth (less than 0.2dB gain of peak eirp output per each 1dB increase in post-antenna port gain). Maximal gain observed at waveforms 16, 17, 18 , 19, 20 since these waveform are far away from the the -30dBm/MHz A-SEM (more than 0.5dB gain of peak eirp output per each 1dB increase in post-antenna port gain). Note that waveform 20 encapsulate all waveforms in the 5 10MHz channels at band 47, we can conclude that for most of the case, the gain from having higher peak directional antenna gain is at least 0.5dB per 1dB of peak antenna gain.
Observation 4: The peak eirp output is always increasing with the expected post-antenna port gain value.
Observation 5: The peak eirp output is varies slightly with modulation order.
Observation 6: For most of the case, e.g. at least for channel centre frequencies 5880, 5890, 5900, 5910, 5920 MHz, the gain from having higher peak directional antenna gain is at least 0.5dB per 1dB of peak antenna gain.

Table 8. A-MPR Structure
	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, 5890, 5900, 5910, 5920
	 <=10
	<=50
	18

	5880, 5890, 5900, 5910, 5920
	>=11 & <=38
	<=50
	19

	5880, 5890, 5900, 5910, 5920
	>42
	<=50
	20



Table 9: A-MPR for QPSK
	QPSK

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

	1
	13.6
	14.2
	14.7
	15.7
	16.8
	17.2
	18.1
	19.4

	2
	6.4
	7.1
	7.6
	8.3
	8.9
	9.5
	10.2
	10.8

	3
	4.1
	4.5
	4.9
	5.5
	6.0
	6.6
	7.3
	7.8

	4
	3.4
	4.4
	5.3
	6.2
	7.1
	8.0
	8.9
	9.9

	5
	12.9
	13.6
	14.3
	15.0
	15.7
	16.6
	17.0
	18.0

	6
	9.7
	10.4
	11.0
	11.5
	12.1
	12.8
	13.3
	13.9

	7
	8.0
	8.6
	9.3
	9.9
	10.5
	11.1
	11.7
	12.2

	8
	4.2
	4.7
	5.1
	5.9
	6.5
	7.2
	7.8
	8.4

	9
	2.7
	3.3
	3.8
	4.3
	4.8
	5.5
	6.3
	7.2

	10
	2.4
	2.7
	3.3
	4.0
	4.7
	5.5
	6.4
	7.3

	11
	10.1
	10.9
	11.7
	12.2
	13.1
	13.8
	14.5
	15.1

	12
	8.3
	8.9
	9.6
	10.1
	10.8
	11.3
	11.9
	12.5

	13
	7.5
	8.2
	8.9
	9.4
	10.2
	10.8
	11.3
	11.9

	14
	5.0
	5.6
	6.2
	7.0
	7.6
	8.3
	9.0
	9.8

	15
	1.0
	1.6
	2.2
	2.5
	2.9
	3.9
	4.8
	5.8

	16
	0.0
	0.0
	0.1
	0.6
	1.2
	1.7
	2.1
	2.6

	17
	0.2
	0.6
	1.0
	1.6
	2.0
	2.4
	2.8
	3.3

	18
	1.2
	1.3
	2.1
	2.3
	3.0
	3.2
	3.6
	4.2

	19
	0.0
	0.0
	0.4
	0.9
	1.3
	1.8
	2.6
	3.3

	20
	0.2
	0.6
	1.1
	1.5
	1.9
	2.4
	2.9
	3.3



Table 10 A-MPR for 16QAM
	16 QAM

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

	1
	12.7
	13.8
	14.2
	14.9
	16.0
	16.8
	17.8
	18.8

	2
	6.0
	6.6
	7.2
	7.8
	8.4
	9.0
	9.6
	10.2

	3
	3.7
	4.1
	4.5
	4.9
	5.6
	6.2
	6.8
	7.4

	4
	2.8
	3.8
	4.8
	5.6
	6.6
	7.7
	8.5
	9.3

	5
	12.6
	13.4
	14.0
	14.4
	15.4
	16.0
	16.8
	17.6

	6
	9.4
	10.0
	10.6
	11.2
	11.9
	12.3
	12.9
	13.5

	7
	7.4
	8.1
	8.7
	9.3
	10.0
	10.5
	11.2
	11.6

	8
	3.7
	4.1
	4.6
	5.1
	5.7
	6.4
	7.1
	7.6

	9
	2.7
	3.1
	3.6
	4.1
	4.6
	5.3
	6.0
	6.7

	10
	1.9
	2.6
	3.0
	3.6
	4.3
	5.2
	6.1
	6.9

	11
	10.4
	11.1
	11.9
	12.5
	13.0
	13.8
	14.4
	15.3

	12
	8.0
	8.6
	9.4
	9.9
	10.5
	11.1
	11.7
	12.3

	13
	7.1
	7.8
	8.5
	9.0
	9.7
	10.4
	11.0
	11.6

	14
	4.4
	4.9
	5.5
	6.1
	6.8
	7.6
	8.3
	9.0

	15
	0.3
	0.8
	1.4
	2.0
	2.3
	3.1
	4.3
	5.5

	16
	0.0
	0.0
	0.0
	0.3
	0.8
	1.2
	1.5
	2.1

	17
	0.0
	0.2
	0.6
	1.0
	1.4
	1.7
	2.0
	2.5

	18
	0.5
	1.0
	1.4
	1.7
	2.4
	2.9
	3.3
	3.8

	19
	0.0
	0.0
	0.0
	0.6
	1.0
	1.4
	2.0
	2.5

	20
	0.0
	0.0
	0.0
	0.2
	0.8
	1.4
	2.0
	2.5



Table 11 Peak eirp output per waveform
	QPSK

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

	1
	7.9
	8.3
	8.8
	8.8
	8.7
	9.3
	9.4
	9.1

	2
	15.1
	15.4
	15.9
	16.2
	16.6
	17.0
	17.3
	17.7

	3
	17.4
	18.0
	18.6
	19.0
	19.5
	19.9
	20.2
	20.7

	4
	18.1
	18.1
	18.2
	18.3
	18.4
	18.5
	18.6
	18.6

	5
	8.6
	8.9
	9.2
	9.5
	9.8
	9.9
	10.5
	10.5

	6
	11.8
	12.1
	12.5
	13.0
	13.4
	13.7
	14.2
	14.6

	7
	13.5
	13.9
	14.2
	14.6
	15.0
	15.4
	15.8
	16.3

	8
	17.3
	17.8
	18.4
	18.6
	19.0
	19.3
	19.7
	20.1

	9
	18.8
	19.2
	19.7
	20.2
	20.7
	21.0
	21.2
	21.3

	10
	19.1
	19.8
	20.2
	20.5
	20.8
	21.0
	21.1
	21.2

	11
	11.4
	11.6
	11.8
	12.3
	12.4
	12.7
	13.0
	13.4

	12
	13.2
	13.6
	13.9
	14.4
	14.7
	15.2
	15.6
	16.0

	13
	14.0
	14.3
	14.6
	15.1
	15.3
	15.7
	16.2
	16.6

	14
	16.5
	16.9
	17.3
	17.5
	17.9
	18.2
	18.5
	18.7

	15
	20.5
	20.9
	21.3
	22.0
	22.6
	22.6
	22.7
	22.7

	16
	21.5
	22.5
	23.4
	23.9
	24.3
	24.8
	25.4
	25.9

	17
	21.3
	21.9
	22.5
	22.9
	23.5
	24.1
	24.7
	25.2

	18
	20.3
	21.2
	21.4
	22.2
	22.5
	23.3
	23.9
	24.3

	19
	21.5
	22.5
	23.1
	23.6
	24.2
	24.7
	24.9
	25.2

	20
	21.3
	21.9
	22.4
	23.0
	23.6
	24.1
	24.6
	25.2



Table 12 Increase peak eirp output per waveform
	QPSK

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

	1
	0.0
	0.4
	0.8
	0.9
	0.8
	1.4
	1.5
	1.2

	2
	0.0
	0.3
	0.7
	1.1
	1.5
	1.8
	2.2
	2.6

	3
	0.0
	0.6
	1.2
	1.6
	2.1
	2.4
	2.8
	3.2

	4
	0.0
	0.0
	0.1
	0.2
	0.3
	0.4
	0.5
	0.6

	5
	0.0
	0.3
	0.6
	0.9
	1.1
	1.3
	1.9
	1.8

	6
	0.0
	0.3
	0.8
	1.2
	1.7
	2.0
	2.4
	2.8

	7
	0.0
	0.4
	0.7
	1.1
	1.5
	1.9
	2.4
	2.8

	8
	0.0
	0.5
	1.1
	1.3
	1.7
	1.9
	2.4
	2.8

	9
	0.0
	0.4
	1.0
	1.5
	1.9
	2.2
	2.4
	2.6

	10
	0.0
	0.8
	1.1
	1.4
	1.7
	1.9
	2.0
	2.1

	11
	0.0
	0.2
	0.4
	0.8
	1.0
	1.3
	1.6
	2.0

	12
	0.0
	0.4
	0.8
	1.2
	1.5
	2.0
	2.4
	2.8

	13
	0.0
	0.3
	0.6
	1.1
	1.4
	1.8
	2.2
	2.6

	14
	0.0
	0.3
	0.8
	0.9
	1.3
	1.7
	2.0
	2.2

	15
	0.0
	0.4
	0.8
	1.5
	2.1
	2.1
	2.1
	2.1

	16
	0.0
	1.0
	1.9
	2.4
	2.8
	3.3
	3.9
	4.4

	17
	0.0
	0.6
	1.2
	1.6
	2.3
	2.9
	3.4
	3.9

	18
	0.0
	0.9
	1.1
	1.9
	2.2
	3.0
	3.6
	4.0

	19
	0.0
	1.0
	1.6
	2.1
	2.7
	3.2
	3.4
	3.7

	20
	0.0
	0.6
	1.2
	1.8
	2.3
	2.9
	3.4
	3.9



 Table 13 Peak eirp output per waveform
	16 QAM

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

	1
	8.3
	8.2
	8.8
	9.1
	9.0
	9.2
	9.2
	9.2

	2
	15.0
	15.4
	15.8
	16.2
	16.6
	17.0
	17.4
	17.8

	3
	17.3
	17.9
	18.5
	19.1
	19.4
	19.8
	20.2
	20.6

	4
	18.2
	18.2
	18.2
	18.4
	18.4
	18.3
	18.5
	18.7

	5
	8.4
	8.6
	9.0
	9.6
	9.6
	10.0
	10.2
	10.4

	6
	11.6
	12.0
	12.4
	12.8
	13.1
	13.7
	14.1
	14.5

	7
	13.6
	13.9
	14.3
	14.7
	15.0
	15.5
	15.8
	16.4

	8
	17.3
	17.9
	18.4
	18.9
	19.3
	19.6
	19.9
	20.4

	9
	18.3
	18.9
	19.4
	19.9
	20.4
	20.7
	21.0
	21.3

	10
	19.1
	19.4
	20.0
	20.4
	20.7
	20.8
	20.9
	21.1

	11
	10.6
	10.9
	11.1
	11.5
	12.0
	12.2
	12.6
	12.7

	12
	13.0
	13.4
	13.6
	14.1
	14.5
	14.9
	15.3
	15.7

	13
	13.9
	14.2
	14.5
	15.0
	15.3
	15.6
	16.0
	16.4

	14
	16.6
	17.1
	17.5
	17.9
	18.2
	18.4
	18.7
	19.0

	15
	20.7
	21.2
	21.6
	22.0
	22.7
	22.9
	22.7
	22.5

	16
	21.0
	22.0
	23.0
	23.7
	24.2
	24.8
	25.5
	25.9

	17
	21.0
	21.8
	22.4
	23.0
	23.6
	24.3
	25.0
	25.5

	18
	20.5
	21.0
	21.6
	22.3
	22.6
	23.1
	23.7
	24.2

	19
	21.0
	22.0
	23.0
	23.4
	24.0
	24.6
	25.0
	25.5

	20
	21.0
	22.0
	23.0
	23.8
	24.2
	24.6
	25.0
	25.5



Table 14 Increase peak eirp output per waveform
	16 QAM

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

	1
	0.0
	-0.1
	0.6
	0.8
	0.8
	1.0
	0.9
	0.9

	2
	0.0
	0.4
	0.8
	1.2
	1.6
	1.9
	2.3
	2.7

	3
	0.0
	0.6
	1.2
	1.7
	2.1
	2.5
	2.9
	3.3

	4
	0.0
	0.0
	0.1
	0.2
	0.2
	0.1
	0.4
	0.5

	5
	0.0
	0.2
	0.5
	1.1
	1.2
	1.6
	1.8
	2.0

	6
	0.0
	0.4
	0.8
	1.2
	1.6
	2.1
	2.6
	2.9

	7
	0.0
	0.3
	0.7
	1.1
	1.4
	1.9
	2.2
	2.8

	8
	0.0
	0.6
	1.1
	1.7
	2.0
	2.4
	2.7
	3.1

	9
	0.0
	0.6
	1.1
	1.6
	2.1
	2.3
	2.7
	2.9

	10
	0.0
	0.3
	0.9
	1.4
	1.6
	1.7
	1.8
	2.1

	11
	0.0
	0.4
	0.5
	0.9
	1.4
	1.6
	2.1
	2.1

	12
	0.0
	0.4
	0.6
	1.1
	1.5
	1.9
	2.3
	2.7

	13
	0.0
	0.3
	0.6
	1.1
	1.4
	1.7
	2.1
	2.5

	14
	0.0
	0.5
	0.8
	1.2
	1.5
	1.8
	2.1
	2.4

	15
	0.0
	0.5
	0.9
	1.3
	2.1
	2.2
	2.0
	1.9

	16
	0.0
	1.0
	2.0
	2.7
	3.2
	3.8
	4.5
	4.9

	17
	0.0
	0.8
	1.4
	2.0
	2.6
	3.3
	4.0
	4.5

	18
	0.0
	0.5
	1.1
	1.8
	2.1
	2.6
	3.2
	3.7

	19
	0.0
	1.0
	2.0
	2.4
	3.0
	3.6
	4.0
	4.5

	20
	0.0
	1.0
	2.0
	2.8
	3.2
	3.6
	4.0
	4.5


Handling of Power Class 2
During the V2X work item, it is agreed that power class 2 will be introduced to support max eirp up to 33dBm. The rationale is that with a peak antenna gain of 6dBi, the max conducted output 26dBm of power class 2 will yield 32dBm of max eirp output, which is only 1dB lower than the mandated max eirp output [3].
However, when the A-SEM, A-SE are specified for power class 2, this assumption of peak antenna gain was not considered, as shown in Tables 4 and 5.
[bookmark: _GoBack]As a result, the AMPR is specified based on 0dBi peak antenna gain simulation assumption. This AMPR is clearly not sufficient for UEs with 6dBi peak antenna gain to meet the EN emission requirement, as shown in Figures 1 and 2 for channel frequency centre of 5960MHz. Note that the simulation result for 0dBi antenna gain is consistent with the specified A-MPR in TS36.101.
[image: ]
Figure 1 A-MPR for power class 2, 0dBi peak antenna gain
[image: ]
Figure 2 A-MPR for power class 2, 0dBi peak antenna gain
Observation 7: the specified AMPR for power class 2 is incorrect.
Proposal 4: re-evaluate AMPR for power class 2 taken peak antenna gain into account.
Furthermore, the peak eirp output of power class 2 for channel frequency centre of 5960MHz with 2 different values of peak antenna gains of 0dBi and 6dBi are quite similar, as shown in Table 15. The max gain is only 0.33dBm gain per each dBi of peak antenna gain, and the min gain is less than 0.1dBm per each dBi of peak antenna gain. This is because this channel is too close to the -30dBm/MHz emission zone, the increasing in needed A-MPR is almost linear to the increasing in peak antenna gain, even though the bigger PA model is used in this simulation (compared to power class 3 simulation). This, again, confirm our justification to not optimize peak eirp output for channels 5960 MHz since it is too close to the stringent emission requirement.
Table 15 Peak Eirp for Power class 2 in channel frequency 5960MHz
	N RB
	A-MPR
	peak eirp

	
	0dBi
	6dBi
	0dBi
	6dBi

	<= 20
	15
	20.5
	6
	6.5

	> 20 & <= 30
	13
	17.5
	8
	9.5

	> 30
	12
	16
	9
	11



Observation 8: at least for channel frequency 5960MHz, the required A-MPR increases linearly with the peak antenna gain.
Proposal 5: Do not optimize peak eirp output for increasing peak antenna gain for both power class 2 and 3.  
Conclusions
Observation 1: The range of effective peak antenna gain (peak gain – cable loss) is very large for vehicular UE at band 47. Thus, some spec support is needed for OEM to meet regional requirement.
Observation 2: The A-SEM and A-SE requirements for vehicular UE at B47 applies to a frequency range from 5815MHz to 5950MHz, in which little variation is expected in terms of antenna gain and cable loss characteristics.
Proposal 1: The UE is required to declare a common marginal value compared to the existing A-SEM and A-SE requirements. This value is called expected post-antenna port gain.
Observation 3: A-MPR needed to be defined for each of the declared margins in order to support multiple value of post-antenna port gains for the same UE implementation.
Observation 4: The peak eirp output is always increasing with the expected post-antenna port gain value.
Observation 5: The peak eirp output is varies slightly with modulation order.
Observation 6: For most of the case, e.g. at least for channel centre frequencies 5880, 5890, 5900, 5910, 5920 MHz, the gain from having higher peak directional antenna gain is at least 0.5dB per 1dB of peak antenna gain.
Proposal 2: RAN 4 to simulate and specify A-MPR for margin value of 0, 1, …, 7 db.
Proposal 3: For any margin value that falls between 2 specified points, either linear interpolation or upper value of A-MPR is used. 
Observation 7: the specified AMPR for power class 2 is incorrect.
Proposal 4: re-evaluate AMPR for power class 2 taken peak antenna gain into account.
Observation 8: at least for channel frequency 5960MHz, the required A-MPR increases linearly with the peak antenna gain.
Proposal 5: Do not optimize peak eirp output for increasing peak antenna gain for both power class 2 and 3.  
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