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1. Introduction

In the past meetings, the UE antenna array configuration of mmWave UE reference architecture has been discussed extensively. It has been proposed in some contributions as well as during the online discussion that some parameters of the antenna array like the number of antenna elements, the antenna element gain, and the polarization configuration should be specified as RAN4 requirements. The idea has, however, been unacceptable to some companies thinking that these implementation issues are out of the 3GPP scope. 
This contribution presents our views on the antenna array related requirements of mmWave UE. We basically think RAN4 should not specify any of these highly implementation-related requirements but on the other hand needs to achieve consensus on typical values for the reference architecture to study EIRP/EIS related requirements. 
2. Discussion
 2.1 The number of antenna elements and the antenna element gain 
In our understanding, discussion on the number of antenna elements and the antenna gain in the UE reference architecture is for the purpose of studying the Tx output power and Rx sensitivity related EIRP/EIS requirements. From this point of view, we need some values. However, what really matters the system performance is not these values rather than the final output EIRP/EIS. Specifying the number of antenna elements and the antenna element gain is something like specifying the insertion loss of the switches, filters, PA output power etc. used in in the reference architecture. It does not make any sense but just put constraints on the implementation.  Even the reference architecture itself is implementation dependent and is out of the scope of the 3GPP minimum requirement.  
Observation 1 Specifying requirement on the number of antenna elements and the antenna element gain does not guarantee any system performance but just put constraints on the implementation
Proposal 1 The scope of the reference architecture for mmWave UE is only for the purpose of deriving RF requirements
Proposal 2 RAN4 does not specify any requirements on the number of antenna elements and antenna gain for mmWave UE

On the other hand, in order to derive the Tx output power and Rx sensitivity related EIRP/EIS requirements, we need some assumptions on the number of antenna elements and the antenna element gain. Our recommendation is to adopt the values used in the WP5D simulation [1], i.e., 4 antenna elements/panel/polarization and the antenna gain is 5dBi for each antenna element, because these values have been discussed carefully during the WP5D study and have reached consensus in the group.
Proposal 3 Adopt 4 antenna elements/panel/polarization and 5dBi antenna element gain as typical value in the mmWave UE reference architecture
  2.2 Polarization
Although it is not clear at this moment what the impact on the minimum RF requirement would be by specifying dual polarization as mandatory, there was some discussion online in the last meeting that this is better to be taken into account because dual polarization has been agreed in the testability SI. 
This needs careful consideration because NR UE is supposed to cover a variety of types as discussed in the SI and some UE types may have constraint on the antenna placement so that dual polarization may not be the best choice.   Although it has been agreed in the last meeting that UE architecture shall support minimum dual layer [2], this can be achieved not only by dual polarization, but also by separating antenna distance or using orthogonal radiation patterns. And according to the WF [2] of the last meeting, whether the dual layer requirement applies to all directions is still FFS. 

Moreover, it is considered to be not reasonable to specify the core requirement following the test agreement. When specifying core requirement, we do need to take the test cost, test complexity and test feasibility into account, but single polarization test does not pays more than dual polarization test regarding these factors. So there is not reason that we need to make the dual polarization as mandatory in the core requirement because the test setup is supposed to support it.

Observation 2  Dual polarization should not be specified as mandatory for mmWave UE
3. Conclusion

This contribution presented our views on the antenna array related requirements of mmWave UE and had the following observations and proposals:
Observation 1 Specifying requirement on the number of antenna elements and the antenna element gain does not guarantee any system performance but just put constraints on the implementation
Proposal 1 The scope of the reference architecture for mmWave UE is only for the purpose of deriving RF requirements
Proposal 2 RAN4 does not specify any requirements on the number of antenna elements and antenna gain for mmWave UE

Proposal 3 Adopt 4 antenna elements/panel/polarization and 5dBi antenna element gain as typical value in the mmWave UE reference architecture

Observation 2 Dual polarization should not be specified as mandatory for mmWave UE
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