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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 [1], 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. 3GPP technologies can easily show that its devices can comply with regional standard. The argument will be that handheld devices typically have negative or 0 dBi antenna gain. So, the requirements in 3GPP, which are conducted requirements that have exactly the same absolute value of the regional standard, should be considered as more stringent.
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 [2] 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 showing 3GPP spec compliance with regional requirement. 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 in showing 3GPP spec compliance with regional requirement. 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 allowed 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 anyone can claim 3GPP spec is either non-compliance with regional standard or dis-allow the use of positive antenna gain for V2X application. Either claims are quite draconian. 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.
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.
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. Different A-MPRs are defined for different antenna gain.
For the action item number 3, we propose to consider for now only 2 typical antenna gain in RAN4, which is 0dBi and 7dBi. For real antenna gain that is close to these 2 values, the A-MPR result is expected to be similar. So, by doing so would be not overloading RAN4 with unnecessary work at this early state. In the future, if other typical antenna gain comes up that cannot be fitted in the specified cases, the framework can still easily be extended with just more simulation.  
Proposal 2: Define A-MPR for typical antenna gain of 0dBi and 7dBi. For real antenna gain close to these 2 values, the same A-MPR will apply.
Another fact that worth bearing in mind is that the above discussion applies to both power class 2 and power class 3. The problem is even more precarious for power class 2. While one can say that the specification n for power class 3 is still correct, given that the antenna gain is 0dBi, the same cannot hold for power class 2. The purpose of defining power class 2 for V2X is to reach the 33dBm EIRP transmitting power allowed for V2X. We address this in 3GPP by defining power class 2 with 26dBm max conducted power and 7dBi antenna gain. So, positive antenna gain is a given for power class 2, not an option as with power class 3. Yet, in all RAN4 A-MPR evaluation, that antenna gain is not considered when checking against A-SEM and A-SE.
Observation 1: A-MPR of power class 2 does not take positive antenna gain into account.
Proposal 3: Re-evaluate A-MPR based on new simulation assumption assuming 7dBi antenna gain. 
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