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1	Introduction 
For enabling 29dBm HPUEs in band 41/n41, it was proposed to find ways to reduce the required A-MPR. It was proposed to assume higher isolation between the antenna ports of such a band 41 HPUE. This paper looks at the feasibility of assuming higher antenna isolation for HPUEs in band 41/n41.
2	Antenna isolation for 29dBm HPUEs
2.1	Antenna isolation assumptions in 3GPP
Until now in 3GPP the isolation between antenna ports in 3GPP RAN4 has always been assumed to be 10dB, regardless of the frequency range. However, for UE architectures using two separate TX paths, PAs and antennas to enable dual uplinks for EN-DC or UL MIMO, the isolation has a direct influence on the required MPR/A-MPR to fulfil the out-of-band emissions requirements due to the reverse intermodulation of the power amplifiers. Therefore it was proposed to check the antenna isolation that can be achieved in real life in order to enable improvements for MPR/A-MPR. In the WF in RAN4#91 it was proposed to check for 13, 16 and 20dB antenna isolation
2.2	Free Space Antenna Isolation
Antenna isolation can be optimized in free space to show a good isolation. Especially when the UE only has two antennas, the distance between the antennas can be quite large, so that the isolation is good, especially when these two antennas use different polarizations. When there are four antennas, the isolation between the antennas will reduce, since the distance between the antennas is reduced. At the same time there is no possibility anymore to have different polarizations between the antennas, since some antennas always have the same polarity. Therefore when using four antennas, the isolation between the antennas is reduced compared to two antennas. In reality we see that with four antennas the free space isolation is good enough to enable 13dB antenna isolation, but 16 and 20dB cannot be achieved.
Observation 1:	Free space antenna isolation can be as good as 13dB 
2.3	Antenna Isolation with four antennas
It is mandatory to use four antennas for band 41. As these antennas are already available, it is useful to use the best antennas out of these four antennas also for transmission. The result is that the isolation between any of the four antennas also needs to be taken into account for determining the antenna isolation for MPR/A-MPR considerations. It is not possible to use only two of the four antennas for TX operation as this would mean that an antenna, that is covered for example by a hand will be used to transmit one of the carriers resulting in a much worse performance than when using a good antenna and some A-MPR. Therefore for the MPR/A-MPR calculations the lowest of the isolation values between the four antennas needs to be taken into account.
2.4	Antenna Isolation degradation by external influences
There are multiple external factors influencing the isolation between the antennas. Some of these are:
· Reflections at other materials: If a UE comes close to any other conducting material, reflections of one TX signal at this material radiating towards the other antenna can result in a reduction of the isolation. For example when phone is in a pocket where there are some coins close-by in a wallet, or the phone is lying or standing close to a metal plate
· Capacitive coupling: If a conducting material is between the two antennas, there will be a capacitance from one antenna to the material and another one to the other antenna, both capacitances forming a capacitive coupling path between the antennas reducing the isolation
· Of course also hand and head contact can result in reduced isolation 
2.5	Antenna Isolation degradation by usage
The main influences due to the user are already taken into account in some 3GPP specs for radiated performance. These are head and hand influences. When the user holds the phone in the hand, in most cases he will cover one or more antennas with the hand or has the hand between the antennas forming a coupling path reducing isolation. The same is true in case the UE is at the head for a phone call, also there the conducting material of the head is close to the antennas and can add a coupling path between antennas.
We have tested the influence of the hand on the antenna isolation of a real phone and have seen that isolation can degrade by up to 20dB(!) when the hand is added. In total we see that in some cases the isolation can be even worse than the 13dB proposed in the RAN4#91. This means that in real life even the 13dB cannot be the basis for the MPR/A-MPR, the usual 10dB isolation need to be taken into account also for 29dBm HPUEs  
Observation 2:	Antenna isolation with head and hand cannot be assumed to be better than 10dB 
3	Usage of Antenna isolation for MPR/A-MPR calculations
3.1	UEs claiming not to need MPR/A-MPR
In RAN4#91 it was claimed there are UEs available that do not need MPR/A-MPR for EN-DC combinations. Assuming these UEs were measured according to the 3GPP specs, it is clear that they do not need MPR/A-MPR, since there is no test specified in 3GPP yet, that does radiated emissions testing on EN-DC combinations. All emissions requirements  specified in 3GPP 38.101 are conducted tests, therefore there will be no reverse intermodulation in the 3GPP tests and no MPR/A-MPR is needed. However, in real life using the antennas for radiated performance these UEs will fail the emissions tests!
Observation 3:	UEs claiming not to need MPR/A-MPR for EN-DC in band 41 most likely haven’t been tested for radiated emissions performance, only conducted, when there is no reverse intermodulation! 
3.2	Radiated UE performance
For defining MPR/A-MPR for 29dBm HPUEs, it is necessary to take the radiated emissions performance into account. The usual conducted tests specified in 3GPP will in this case result in a UE passing the tests but violating the emissions requirements in radiated mode in real life.  
Observation 4:	For MPR/A-MPR definition radiated emissions performance needs to be taken into acocunt, otherwise the UE will violate emissions requirements in real life 
Proposal 1:	MPR/A-MPR  for 29dBm HPUEs will be specified taking the antenna isolation into account to enable UEs that fulfill the emisisons requirements in real radiated operation
Proposal 2:	3GPP should continue to use the 10dB antenna isolation assumption for all specifiction items where ntenna isolation matters, since especially with the head and/or hand scenario antenna isolation will not be better than 10dB
3	Conclusions
We draw the following conclusions: 
Observation 1:	Free space antenna isolation can be as good as 13dB 
Observation 2:	Antenna isolation with head and hand cannot be assumed to be better than 10dB 
Observation 3:	UEs claiming not to need MPR/A-MPR for EN-DC in band 41 most likely haven’t been tested for radiated emissions performance, only conducted, when there is no reverse intermodulation! 
Observation 4:	For MPR/A-MPR definition radiated emissions performance needs to be taken into acocunt, otherwise the UE will violate emissions requirements in real life 
Proposal 1:	MPR/A-MPR  for 29dBm HPUEs will be specified taking the antenna isolation into account to enable UEs that fulfill the emisisons requirements in real radiated operation
Proposal 2:	3GPP should continue to use the 10dB antenna isolation assumption for all specifiction items where ntenna isolation matters, since especially with the head and/or hand scenario antenna isolation will not be better than 10dB
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