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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. However, the requirements are in EIRP as oppose to conducted requirement that usually specified in 3GPP standard.
We present in this paper a closer look at this issue and propose solution to resolve it.
Analysis
In 3GPP standard, the common approach to address all regional standard is to copy all the requirements from the regulatory standard as additional 3GPP requirement, that only need to be met under some certain NS signalling. An A-MPR is also specified for the UE to meet these requirements. The effect of this is two folds:
I. A UE can claim compliance to the regional standard (which requirements are in EIRP) by just meeting the matching additional 3GPP requirements, as long as its antenna gain is smaller or equal than 0dBi (which is a fair assumption for most handheld devices). This help the UE avoiding going through duplicated certification for regional standard, which only add more cost.
II. By having A-MPR to meet the regional requirements, the spec allows for a unified UE implementation to meet a range of different set of regional requirements. This is a very important factor that allow the benefit of economic of scale.
For V2X, while the fact that regional requirements are in EIRP is not new, what is new is that for vehicular communication, one usually have a positive antenna gain. That gain can be quite big, up to more than 7dBi. That’s why converting regional EIRP requirements to 3GPP conducted requirements remain an open problem up to now.
Having set the context of the problem, now we can list a few options going forward:
1. Define 3GPP requirement as EIRP, test by radiated test.
2. Define 3GPP requirement as EIRP, test by conducted test.
3. Define 3GPP requirement as conducted, test by conducted test.
a. Assuming 0dBi antenna gain.
b. Assuming 7dBi antenna gain.
Let’s first consider option 1. This option has no issue with duplicated certification. However, the conformance test will be very challenging as it is well known how challenging OTA tests are.
For option 2, again there is no issue with duplicated certification. The conducted test will be carried out based on the declared antenna gain of the UE. The conducted limit will be derived by subtracting the EIRP limit to the declared antenna gain. So the test itself does not deviate from normal 3GPP methodology. The new element here is that there must be a way for the UE under test to know and declare its antenna gain during the test. One way is to have the UE manufacturer to estimates its maximum supported antenna gain and declare that number. Once it passes the test with this number, all lower antenna gain is allow to be used for such UE. Another way is to have the actual antenna gain as the UE capability and have it report to the test system during the test. For any option, in order to achieve II, it is necessary to have different A-MPR value for different antenna gain. The UE then decide the proper A-MPR value from the combination of the received NS and its configured antenna gain. Again, here there are 2 options, either we can have different signalling value for different antenna gain and the UE decide to response to which NS value based on its antenna gain (similar approach to NS_33- Class 3 UE and NS_34- Class 2 UE). In this sense, one can think of different antenna gains as different UE power classes. Another approach is that we can have the same signalling value, but the UE choose the actual A-MPR based on its configured antenna gain. We think that both options can work fine in this context.
For option 3, option 3a. is the current approach in TS36.101. This option has the drawback that any UE that use a positive antenna gain has to go through additional certification for regional standard. Furthermore, as A-MPR is derived based on 0dBi antenna gain assumption, a more complicated UE design is needed to meet the regulatory requirement for antenna gain larger than 0dBi. So clearly this option fails to achieve both I and II for V2X. With option 3b., the most pessimistic assumption on the antenna gain is made and the current number in TS36.101 for A-SEM, A-SE and Receiver SE for band 47 is reduced by 7 respectively. The A-MPR also needs to be revised to take into account this fact. The only drawback of this approach is that the A-MPR may be too large if the real antenna gain is much less than 7dBi. This would allow bad UE implementation to get away with lower antenna gain and reduce the communication range with other UEs. Note that the antenna gain here is the effective gain, which already take into account the device connection and casing loss.
Based on the above discussion, it seems that option 2 is the most realistic one, in the sense that it solves all the practical problem with just some small changes in the spec. So, we recommend adopting such solution in RAN4. Indeed, it is the same solution adopted for Base Station.
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.”
This assessment is very similar in principle with what we propose here. The only difference is the way that the effective antenna gain can be calculated or declared. This is due to the very difference nature of base station and UE deployment which leads to different factors affecting the gain loss. 

Proposal 1: Adopt option 2: Define 3GPP requirement as EIRP, test by conducted test.
1. UE declares intended antenna gain.
2. Subtract antenna gain from EIRP requirement to get conducted requirement
3. FFS how to calculate/declare effective antenna gain.
4. Different A-MPRs are defined for different antenna gain
Other Requirements
Apart from the requirements discussed above, there are two other additional requirements that are expressed in e.i.r.p. The issue with these two requirements are different from the one discussed above. The first requirement is the PSD limitation for V2X UE in band 47 in region 1. 
When a Power Class 2 UE is configured for E-UTRA V2X sidelink transmissions in Band 47, the UE shall meet the following additional requirements for transmission within the frequency ranges 5855-5925 MHz:
-	The maximum mean power spectral density shall be restricted to 23 dBm/MHz EIRP when the network signaling value NS_34 is indicated.
where the network signaling values are specified in clause 6.2.4G.
The issue here is that this requirement assumes 0dBi antenna gain, so the e.i.r.p. PSD limitation only apply to class 2 UE; since the output power of class 3 UE is 23 dBm, which always satisfy the 23dBm/MHz limitation. However, if the antenna gain is more than 0dBi, the reasoning above does not hold anymore. Thus, we propose the following modification to the clause.
Proposal 2: Adopt the following modification to PSD limitation
When a Power Class 2 UE is configured for E-UTRA V2X sidelink transmissions in Band 47, the UE shall meet the following additional requirements for transmission within the frequency ranges 5855-5925 MHz:
[bookmark: _GoBack]-	The maximum mean power spectral density shall be restricted to 23 dBm/MHz EIRP when the network signaling value NS_33 is indicated for Power Class 3 or the network signaling value NS_34 is indicated for Power Class 2.
where the network signaling values are specified in clause 6.2.4G.
The second requirement is the receiver spurious emission requirement
In addition, for a V2X UE operating in Region 1, the power of any spurious emission shall not exceed the levels specified in Table 7.9.1-2.
Table 7.9.1-2: Additional RX spurious emissions limits in Region 1 
	Frequency Range
	Maximum Level 
	Measurement bandwidth
	NOTE

	5795 MHz  f < 5815MHz
	[-65 dBm]
	1 MHz
	

	NOTE:	The additional Rx spurious emission limits, however, are specified in EIRP in Region 1. Furthermore, the requirement varies based on antenna installation. It is FFS how to convert this to conducted requirements.



This is a receiver side requirement so there is not A-MPR value associating with it. However, how to convert the e.i.r.p. requirement to conducted one is still ffs. We propose to adopt the same principle in proposal 1 to treat this ffs. Then the square bracket can also be removed.
Proposal 3: Adopt the same principle to convert e.i.r.p.to conducted requirement in Table 7.9.1-2 of [1]. I.e.,
1. UE declares intended antenna gain.
2. Subtract antenna gain from EIRP requirement to get conducted requirement
3. FFS how to calculate/declare effective antenna gain.
Proposal 4: Remove [] in Table 7.9.1-2 in [1].
Conclusions
Proposal 1: Adopt option 2: Define 3GPP requirement as EIRP, test by conducted test.
1. UE declares intended antenna gain.
2. Subtract antenna gain from EIRP requirement to get conducted requirement
3. FFS how to calculate/declare effective antenna gain.
4. Different A-MPRs are defined for different antenna gain

Proposal 2: Adopt the following modification to PSD limitataion
When a Power Class 2 UE is configured for E-UTRA V2X sidelink transmissions in Band 47, the UE shall meet the following additional requirements for transmission within the frequency ranges 5855-5925 MHz:
-	The maximum mean power spectral density shall be restricted to 23 dBm/MHz EIRP when the network signaling value NS_33 is indicated for Power Class 3 or the network signaling value NS_34 is indicated for Power Class 2.
where the network signaling values are specified in clause 6.2.4G.

Proposal 3: Adopt the same principle to convert e.i.r.p.to conducted requirement in Table 7.9.1-2 of [1]. I.e.,
1. UE declares intended antenna gain.
2. Subtract antenna gain from EIRP requirement to get conducted requirement
3. FFS how to calculate/declare effective antenna gain.

Proposal 4: Remove [] in Table 7.9.1-2 in [1].
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