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Background
In RAN4#82 in Athens antenna configurations was discussed [1], [2] and [3]. A way forward on UE RF requirements was approved in [4]:

	Antenna Configurations
· Further study UE Rx and Tx path configuration for which requirements should be defined
· For Rel-15 EMBB sub-6
· Baseline is 1 Tx 2 Rx
· For mmWave, the following will be studied for high level architecture assumptions to be used for EIRP/EIS requirement and test study but these don’t limit the implementation
· Antenna polarization: Dual-polarization or single polarization
· Antenna number: Total number and/or number for each polarization
· BB path number: Total number and/or number for each polarization



In this contribution UE antenna polarization and number of UE antennas for mmWave will be discussed taking the 30 GHz range as an example.
Antenna configuration
In order to decide upon antenna configuration the requirement regarding spatial multiplexing need to be known. This is a task for RAN1 to decide and though it has been discussed in RAN1 there is yet no decision for mmWave.
Proposal 1: Send an LS to RAN1 kindly asking for clarification regarding UL and DL level of spatial multiplexing for NR mmWave.
A draft LS is found in APPENDIX. In the meantime, while waiting for the RAN1 directive, we will investigate different antenna configurations assuming rank 2 in the DL. For rank 2 (at least) two uncorrelated antennas are needed, each antenna (array) possible consisting of several internally correlated antenna elements.
Observation 1: For rank 2 (at least) two uncorrelated antennas are needed.
It was shown in [5] that some beam forming gain is needed in order to fulfil the link budget (assuming a target of ISD=200m in the 30GHz range). Beam forming could theoretically be done in several ways but in the following we will concentrate on antenna arrays.
Observation 2: Beam forming gain is required to fulfil the link budget at mmWave.
Diversity
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]We will study two antenna configurations, both rank 2 capable, but with different antenna diversity types: pattern diversity versus spatial diversity (a.k.a. polarization diversity). For pattern diversity the antennas are separated and have different pattern. For spatial diversity the antennas have the same pattern but are uncorrelated (e.g. cross polarized patch antennas). As a comparison rank 1 performance are also shown. Antennas investigated are:
1. Dual polarized patch antennas in a 2x2 matrix.
2. Two uncorrelated single polarized 4x1 linear arrays. Antenna elements are dipole antennas.
In both cases the BS is assumed to have a dual polarized 4x8 matrix patch antenna (see Figure 1). The simulation is done for sub-urban area scenarios.
[image: ]
[bookmark: _Ref477423898]Figure 1. Dual polarized patch antennas (left), two uncorrelated single polarized linear arrays (middle) and BS 4x8 dual polar patch array (right)

Antenna Element Radiation Pattern
The antenna radiation pattern for one element patch antenna is shown in Figure 2. As can be seen the single element patch antenna pattern is a half sphere. Vertical and horizontal pattern are similar. 

[image: ][image: ]
[bookmark: _Ref477790090]Figure 2.  Patch antenna element have half space pattern, vertical (left) and horizontal (right).


Radiation pattern for the linear dipole antenna is shown in Figure 3. Note that the pattern describes a single element, one from each array (refer to Figure 1 (middle))

[image: ][image: ]

[bookmark: _Ref477790094]Figure 3.  Dipole antenna element pattern, vertical (left) and horizontal (right).


Simulation setup

A sub-urban area was simulated with the UE with different antenna array configurations. The model of the area which is 300x300m is shown in Figure 4.

[image: ]
[bookmark: _Ref477793384]Figure 4.  The sub-urban area model (300X300 meter).

Figure 5 shows the orientation of the UE array antenna. The UE patch antenna array is assumed to be at the backside of a smartphone UE device. The antenna is always parallel to BS antenna array. Since the linear dipole array has a more omnidirectional pattern the orientation has less influence. Beam forming is used in the simulation.  For both antenna types the best beam is used
 
[image: ]
[bookmark: _Ref477793605]Figure 5.  Orientation of the UE array antenna.

System simulation condition parameters:
· Parameter Values (Down link)
· Carrier Frequency 28 GHz
· Bandwidth 800 MHz
· Transmitting power 31.5 dBm
· Noise figure 10 dB
· Noise level -105 dBm
· Base station antenna element: Dual polar patch 
· Antenna array 4x8x2=64 ports
· UE Antenna 
1. Dual polar patch (2x2) array
· hybrid beam forming, 2 digital ports 
2. 2 linear dipole (4x1) array
· hybrid beam forming, 2 digital ports
· BS Antenna 
· Dual polar patch (4x8) array
· Digital beam forming 64 ports

Simulation result
Figure 6 shows a simulation of the system capacity of BS with 64 ports (digital beam forming) and UE with 2 arrays (hybrid beam forming, 2 digital ports).
[image: ][image: ]


[bookmark: _Ref477846312]Figure 6. System capacity of dual polarized 2x2 matrix versus two single polarized 4x1 linear arrays in a sub-urban environment.

In Figure 7 the system capacities in LOS region is shown. The dual-polarized patch shows stronger peak value of capacity in good coverage area, up to 10% capacity increase can be seen, but the capacity of H+V-dipole arrays tend to be more uniformly distributed, and for the lower capacity areas (further away from BS) the curves are almost identical. 
In NLOS region, shown in Figure 8, none of the antennas can cover due to the weak signal strength and the result is lower communication capacity. Also for NLOS the dual polarized patch performs slightly better than the H+V-dipole arrays (up to 15% better).
For Rank1 there is no significant difference given that the best antenna array is used (switched diversity).

Taking the relative small difference into account and the fact that antenna design and configuration are tightly connected to form factor and industrial design it is suggested to leave as much as possible freedom to the device manufacturer when it comes to antenna configuration. We therefore propose:

Proposal 2: Both dual polarized as well as single polarized UE antennas should be possible.

Capacity at LOS

[bookmark: _Ref477846751]Figure 7. System capacities of single antenna arrays versus dual polarized 2x2 matrix and two single polarized 4x1 linear arrays in LOS environment.

Capacity at NLOS
Rank1 with one array
Rank2 with 2 arrays

[bookmark: _Ref477851887]Figure 8. System capacities of single antenna arrays versus dual polarized 2x2 matrix and two single polarized 4x1 linear arrays in NLOS environment.
Conclusion
Two different antenna configurations for the 30GHz band has been analyzed from a diversity point of view. The two single polarized 4x1 linear arrays perform almost as good as a dual polarized 2x2 matrix in a LOS environment and Rank2 works well for both cases. In NLOS environment, both cases have low capacity due to weaker signals. Taking the relative small difference into account and the fact that antenna design and configuration are tightly connected to form factor and industrial design it is suggested to leave as much as possible freedom to the device manufacturer when it comes to antenna configuration. The following observations and proposals are made:
Observation 1: For rank 2 (at least) two uncorrelated antennas are needed.
Observation 2: Beam forming gain is required to fulfil the link budget at mmWave.
Proposal 1: Send an LS to RAN1 kindly asking for clarification regarding UL and DL level of spatial multiplexing for NR mmWave.
Proposal 2: Both dual polarized as well as single polarized UE antennas should be possible.
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Source:	RAN4
To:	RAN1 
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Contact Person:	
Name:			Olof Zander
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1. Description
RAN WG4 has discussed UE reference architecture during the NR SI. Specifically minimum required antenna configuration has been discussed. In order to continue the discussion RAN WG4 need to know the required minimum level of spatial multiplexing for a UE for UL and DL at mmWave. There are several UE device categories which could have different requirements. The first target type is the smartphone type (eMBB use case).
1. Actions:
RAN WG4 kindly asks RAN WG1 for clarification regarding minimum level of spatial multiplexing for NR mmWave UL and DL.

1. Date of Next TSG-RAN4 Meetings:	
3GPPRAN4#83				May	15 – 19, 2017			Hangzhou, P.R. China
3GPPRAN4-NR#2				June	27 – 29, 2017			Qingdao, P.R. China
3GPPRAN4#84				August 	21 – 25, 2017			Ljubljana, Slovenia



image3.png




image4.png




image5.png




image6.png




image7.png
dlsplay P %RK)?/A)/?\
Patch radlatlorl/\ N \\\ /(
\/

X\ ¢’A @}
Y S en





image8.png
Dual polarized patch

e




image9.png
H Dipole+ V Dipole

b ek





image10.png
Capacity analysis at LOS case
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Capacity analysis at LOS case
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Capacity analysis at NLOS case
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