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1 Introduction

In the RAN4 #82Bis meeting, there was discussion on NR mmWave antenna reference architecture and related WF was agreed as a results [1]. In this contribution, we provide our views on NR mmWave antenna reference architecture for Handheld UE.
2 Discussion

In Figure 1, we present our understanding for identified receiver options based on agreed WF. 
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① Single polarization antennas with single BB receiver (1x1)
(Same as LTE Cat1Bis)
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② Diversity antennas  with single BB receiver output (2x1) but not all antenna arrangements in one UE support diversity reception
(Same as LTE baseline)
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③ Diversity antennas with single BB receiver output (2x1) and all antenna arrangements support diversity reception
(Same as LTE baseline)
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④ Diversity antennas with two BB receiver outputs (2x2) but not all antenna arrangements support diversity reception
(Same as LTE DL 2x2 MIMO)
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⑤ Diversity antennas with two BB receiver outputs (2x2) and all antenna arrangements support diversity reception
(Same as LTE DL 2x2 MIMO)
	


Figure 1. Candidate Receiver Architecture
For each options, each single array antenna can be configured with multiple antenna elements with 2D patch or ULA. Also, both 2D patch and ULA configuration can be further mixed in single UE to strive for advanced performance in terms of both T-put and coverage.

Before discussion about antenna reference architecture, we need to consider the followings to decide on mmWave NR UE receiver architecture.

· Maximum number of supported ranks
· UE antenna coverage

· Number of antenna elements for each Rx port.
For maximum number of supported ranks, we need to consider that mmWave in 3GPP should also fulfil ITU-R IMT-2020 requirements, especially its supported peak data rate which is up to 10 Gbps as a cost of wide frequency BW[2]. In that sense, rank 2 can support up to 10 Gbps peak data rate based on existing LTE numerology if 1 GHz BW can be allocated [3]. For the support of rank higher than 2, we cannot expect the effective rank higher than 2 in mmWave under beam forming environment whereas UE requires higher complexity on both BB and RF. Thus, we prefer to take rank 2 as baseline for mmWave UE. Thus, option ①~③ in Figure 1 should be excluded.
Observation 1. Rank 2 needs to be considered as baseline for mmWave.
For UE antenna coverage, if rank 2 is considered, UE should have at least 2 Rx for baseband modem. For mmWave communication, beam forming technique is essential to compensate for high propagation loss in air channel and it is obvious that array antenna of mmWave have eventually directional property. Thus, each single array antenna cannot support full sphere coverage. That is the reason we used “2 panels with 180° shift in horizontal orientation” as UE antenna assumption during mmWave NR Co-Ex simulation assumption[4]. For handheld UE, we think that UE should support full sphere coverage and might need to introduce antenna selection scheme as shown in option ③ or ⑤. The only concern for such kind of antenna selection scheme is that more physical array antennas in RF are required. Anyway, in baseband part, the complexity increment can be trivial by antenna selection.
Observation 2. To support full sphere coverage, certain Rx antenna selection scheme needs to be considered.
For the number of antenna element in each Rx port, since the beam gain of antenna array in mmWave is tightly coupled with the number of antenna elements, the number of antenna elements for each Rx port should be addressed during mmWave UE reference architecture discussion. Considering UE implementation complexity, we think that 4 antenna elements per antenna array seems feasible. Also, we already used 4 antenna element per antenna array during mmWave NR Co-Ex simulation assumption [4]

Observation 3. 4 antenna elements per antenna array seems feasible.
Based on above observations, we prefer to take option ⑤ as baseline of mmWave Receiver

Proposal 1. Take option ⑤ with 4 antenna element per antenna array as baseline receiver of mmWave.

3 Conclusion
In this contribution, we provide our views on NR mmWave antenna reference architecture for Handheld UE.
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