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1. Introduction

In the last RAN4 NR #1AH meetings, RAN4 agreed to capture the UE reference architecture for the antenna arrangement and beamforming performance aspect. The RF architecture is quite important to define the mmW transmitter requirements. Generally, RF components e.g.) PA and filter and antenna would be packaged to support sufficient beamforming performance using massive MIMO in mmW frequency range. But the external antenna type also considered as reference architecture in 5G mmW UE aspect.
Hence, in this paper, we provide our views on the 5G mmW UE RF architecture based on the stand alone mmW UE and both LTE/sub-6GHz and 5G mmW combined (NSA) reference architecture for 5G NR UE.

2. Basic RF architecture for 5G mmW UE
In rel-15 NR SI phase, RAN consider both standalone 5G UE type and LTE + mmW (NSA) 5G UE type. Basically, shared antenna RF architectures are considered LTE + sub-6GHz 5R UE RF architecture. 
However, 5G NR non-stand-alone (NSA) UE to support both LTE service and mmW NR service is quite different RF architecture compare to legacy LTE-A UE. Currently, we consider 5G NSA UE architecture has two different baseband modem chip, one is for LTE or 5G sub-6GHz NR system and the other is for 5G mmW NR system. So these two modems have connected different RFICs in a typical UE form factors.
Figure 1 show the 5G NR stand-alone UE RF architecture according to the antenna type.
One candidate RF architecture is antenna packaged within RFIC and the other candidate RF architecture is separated RFIC and external antenna type as shown in Figure 1.
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(a) Packaged antenna RF architecture
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(b) External antenna RF architecture
Figure 1: Candidate Stand-alone 5G mmW RF architectures
The pros. and cons. between two antenna types are listed in Table 1. 
Table 1: Comparison two architecture
	               Architecture
	Packaged Antenna w/ RFIC
	External Antenna type

	Pros.
	- Less cable loss
- Easy impedance matching
	- Optimal antenna performance
- More flexible UE design 

	Cons.
	- non-optimal antenna performance (impact to the near RF component and material)
- Restricted UE design by RFIC position

- 
	- Large cable loss

- Impedance matching


Based on the UE design flexibility and optimal antenna performance aspect, RAN4 should consider two candidate RF architectures for 5G mmW NR UE. 
****************** Start of the TP in cluase 6.2.1.1.5 of TR38.803 ************************
6.2.1

General

6.2.1.1
UE antenna arrangement and feasibility of UE beamforming

In this sub-section we consider the number of TX antennas and the PA architecture that should be assumed for setting relevant UE transmitter requirements. Multiple UE transmitter antennas make possible UL beamforming and we consider its potential performance for devising a suitable antenna arrangement for UE reference architecture(s) to be used for setting UE transmitter requirements. 

6.2.1.1.1
Multiple antennas at mmW frequencies

UE implementation of multiple antennas is feasible if the device is large compared to the wavelength. Already today 4RX antenna ports are specified for LTE and are considered feasible for high bands in typical UE form factors (e.g. above 1.7 GHz), although some form factors could support more than two ports also at lower frequencies. 

Devices are large in terms of wavelengths if used in potential NR bands above 24 GHz:

· Due to design constraints antenna elements get more directive compared to around 2 GHz;

· a single element will not offer sufficient omnidirectional coverage;

· the use of multiple elements with beam patterns pointing in different directions and with different polarizations will improve link budget and offer omnidirectional coverage.

Moreover, distributed PAs are likely to be used since the losses by the feeder networks will be reduced, and integration of radio and antennas is likely so UL/DL coherency within the RFIC can probably be achieved with sufficient accuracy (CSI acquisition relies on coherency). 
6.2.1.1.2
Number of UE antennas

While the coexistence studies consider an UE antenna arrangement of 32 patches, a more realistic number of antenna elements for implementation is 8 or up to 16, at least around 30 GHz. This is also considering that the UE must also accommodate antennas for LTE. 

One example of a possible arrangement is shown in Figure 6.2.1.1.2-1 with the mmW antennas arranged in groups, the LTE antennas and NR antennas for below 6 GHz operation are arranged at the bottom of the device. Other arrangements are also possible. 8 or possibly 16 mmW elments is more realistic than 32 elements at 30 GHz considering typical UE form factors.


[image: image3]
Figure 6.2.1.1.2-1: antenna arrangement on the UE with groups of mmW antennas.

For the assessment of the performance of UE beamforming below we consider 4 or 8 antennas in an array arrangement as shown in Figure 6.2.1.1.2-2
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Figure 6.2.1.1.2-2: antenna arrangement on the UE used for the evaluation of beamforming gain.
In rel-15 NR SI phase, 3GPP RAN consider both standalone 5G UE type and LTE + mmW (NSA) 5G UE type. Basically, shared antenna RF architectures are considered LTE + sub-6GHz 5R UE RF architecture. 

However, 5G NR non-stand-alone (NSA) UE to support both LTE service and mmW NR service is quite different RF architecture compare to legacy LTE-A UE. Currently, 5G NSA UE architecture considered that have two different baseband modem chips, one is for LTE or 5G sub-6GHz NR system and the other is for 5G mmW NR system. So these two modems have connected different RFICs in a typical UE form factors.

Figure 6.2.1.1.2-3 show the 5G NR stand-alone UE RF architecture according to the antenna type.

One candidate RF architecture is antenna packaged within RFIC and the other candidate RF architecture is separated RFIC and external antenna type as shown in Figure 6.2.1.1.2-3.
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(a) Packaged antenna RF architecture
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(b) External antenna RF architecture
Figure 6.2.1.1.2-3: Candidate Stand-alone 5G mmW RF architectures 
The pros. and cons. between two antenna types are listed in Table 6.2.1.1.2-1. 

Table 6.2.1.1.2-1: Comparison two candidate antenna architecture
	               Architecture
	Packaged Antenna w/ RFIC
	External Antenna type

	Pros.
	- Less cable loss
- Easy impedance matching
	- Optimal antenna performance

- More flexible UE design 

	Cons.
	- non-optimal antenna performance (impact to the near RF component and material)

- Restricted UE design by RFIC position

- 
	- Large cable loss

- Impedance matching


Based on the UE design flexibility and optimal antenna performance aspect, RAN4 should consider two candidate RF architectures for 5G mmW NR UE.
<End of Changes>
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