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Background
This paper is a revision of R4-1805317
UL MIMO for FR2 was proposed in RAN4 #86 [1]. A WF was approved [2].
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 In this document we will discuss UL MIMO on the basis of channel properties and possible antenna configurations. 
Discussion
In the conventional MIMO case multiple layers are transmitted in the same time-frequency resource. Polarization MIMO is restricted to two layers and may be seen as a special type of beamforming (a.k.a. precoding) in MIMO, where the two layers are transmitted in orthogonal polarizations. MIMO restricted to polarization builds upon the assumption that both ends of a communication link are equipped with dually polarized antenna arrays (e.g. patch antennas). Under advantageous conditions (e.g. line of sight) the most favourable AoDs from the UE are identical for both polarizations. Hence, the same beam management procedure can be used for both polarizations in order to decide the precoding. 
Conventional MIMO, such as used in legacy LTE, is based on multipath propagation and different layers can be separated at the receiver by virtue of the multipath present in the channel. Conventional MIMO and polarization restricted MIMO can be combined (e.g. for 4x4 MIMO). For mm-wave this means that for conventional MIMO (assuming two layers) the channel is sounded by beam sweeps, where pilot signals are transmitted in different directions. At the opposite side receive beams are swept. The optimal combination of two receive and two transmit beams are then selected for MIMO transmission. In this general case, each beam pair needs a dedicated beam management process.
Antenna design considerations
Several UE antenna design principles exist (e.g. patch antennas dipoles, slot antennas etc.); one of each having its advantages and drawbacks. Besides very advanced and/or bulky antenna designs only the patch antennas have the possibility to transmit (and receive) co-located orthogonal polarizations. This possibility, however, requires some (good) properties of the ground plane. For a practical UE design, this means that in order to get good polarization properties, the design is not just limited to choice of antenna type but also to antenna placement. Too hard limitation on the antenna placement could affect the spherical coverage performance in a negative way and impact on the industrial design flexibility. It is therefore recommended to allow some design freedom regarding antenna design and placement.
Observation 1:	Too hard limitation on the antenna placement could affect the spherical coverage performance and the industrial design in a negative way.
Other antenna designs, e.g. dipole antennas, can be edge mounted and thereby give a superior spherical coverage performance as was showed in [3]. The edge mounted dipoles are, however, not easily made dually polarized and in the directions where edge mounted antennas are used MIMO performance has to rely on conventional MIMO (assuming a UE design with different antenna types in different directions).
Channel properties
Compared to sub-6GHz, mmWave channel richness in many cases is less and the channel is dominated by one strong line-of-sight (LOS) component. In those channel scenarios, MIMO restricted to polarization is performing very well. This is particularly true for outdoor LOS scenarios with the antennas operating in, or close to, the reference bore-sight. For large beam-angles the polarization properties may be poor resulting in that only one polarization can be received. For non-LOS and when having a rich channel (e.g. indoor), or scenarios where polarization properties are poor, conventional MIMO is superior. 
Observation 2:	Optimal MIMO mode (conventional or polarization restricted) depends on the channel properties.
Proposal
Since the optimal MIMO mode will be given by the channel properties and possible antenna configuration the best overall performance will be reach when there is a possibility to choose polarization basedrestricted MIMO or pattern based (conventional) MIMO based on the prerequisites in a particular case.
Proposal 1:	Requirement for UL MIMO for FR2 should not preclude pattern based (conventional) UL MIMO.Both polarization restricted and conventional MIMO shall be considered for UL MIMO. 
Conclusion
In this contribution discussed UL MIMO on the basis of channel properties and possible antenna configurations have been discussed and the following observations and proposal are made.
[bookmark: _GoBack]Observation 1:	Too hard limitation on the antenna placement could affect the spherical coverage performance and the industrial design in a negative way.
Observation 2:	Optimal MIMO mode (polarization based or pattern based) depends on the channel properties.
Proposal 1:	Both polarization restricted and conventional MIMO shall be considered for UL MIMO.Requirement for UL MIMO for FR2 should not preclude pattern based (conventional) UL MIMO.
References
[1] [bookmark: _Ref508976886][bookmark: _Ref508875069][bookmark: _Ref508874720][bookmark: _Ref484009661][bookmark: _Ref447703865][bookmark: _Ref455046197][bookmark: _Ref473734040][bookmark: _Ref481653652][bookmark: _Ref447634836][bookmark: _Ref447633816]R4-1802712	“FR2 UL-MIMO in Rel-15”, NTT DOCOMO, INC.
[2] [bookmark: _Ref508977015]R4-1803359	“WF on Rel-15 UL-MIMO for FR2”, NTT DOCOMO, INC., Qualcomm, Intel, Huawei
[3] [bookmark: _Ref509576270]R4-1711424	“UE Power class and spherical coverage for mmWave 28GHz”, Sony
[4] [bookmark: _Ref509584052]R4-1706067	“WF on UE Reference Architecture”, Sony, Skyworks Solutions Inc., LG Electronics


Refer to separate discussion

image1.png
+ At least UE RF requirements below should be discussed and

specified if necessary fer with assumption of polarization UL-
MIMO in FR2

— Peak EIRP, Spherical EIRP

— A-MPR (necessity to be discussed first)
- PCMAX

— Emissions (e.g. SEM, ACLR, Spurious)

Other UE RF general requirements can be reused with the UL-MIMO
configurations

—Di PA_calibrati (PCGY- £ PCG-is-introd I
inRel-15

« Up to 2 layers to be specified in Rel-15
— i.e. Each polarization has one layer in case polarization UL-MIMO

—AHHFR2-UEs-sheuld-suppert UL-MIMO-up-te-2-layersinFR2asa
mandatery feature fromRel-15-onward




