3GPP TSG-RAN WG1 #88bis 
R1-1706094
Spokane, USA 3rd - 7th April 2017
Agenda item:

8.1.2.6
Source:
Nokia, Alcatel-Lucent Shanghai Bell
Title:
Multi-panel UL MIMO transmission
Document for:

Discussion
1
Introduction
In the last RAN1 NR ad hoc meeting, this WF on multi-panel based UL MIMO transmission is agreed [1]:

	Agreements:
· Study whether or not support non-coherent transmission scheme in uplink MIMO transmission to improve the reliability and capacity

· Study multiple timing advance for one component carrier (example scenario: multiple antenna ports / beams at UE pointing to different directions)

· Antenna port / beam indication in timing advance commands

· Multiple timing advance commands for one component carrier

· Study multiple power control for multiple antenna ports/beams

· Antenna port / beam indication in power control commands

· UE reporting of the capability of multiple power control

· Study whether or not there is spec impact




Considering there are multiple approaches of configuring UE multiple antenna panels, this contribution discusses various types of UE configurations.  
2
UE transmission antenna configurations
For NR UE, UE’s capability to support multiple transmission ports at below 6GHz carriers and above 6GHz carriers shall be considered for NR specifications.  The applied TX techniques, the intended applications, and network performance could be distinct for below 6GHz carriers and above 6GHz carriers due the significant difference in frequency characteristics and UE implementations.  Different UE Tx antenna configurations for these two sets of carriers should also be considered.

As we proposed in our contribution on UL-MIMO [2], full-digital omni-directional cross-polarization (XP) UE with 2Tx, 4Tx, and 8Tx shall be supported for UL-MIMO at carriers below 6GHz.  No Tx ports higher than 8Tx shall be considered for below 6GHz carriers.  For above 6GHz carriers, directional UEs with XP hybrid arrays with beam selection/management shall be supported.  

With XP hybrid arrays at carriers above 6GHz, antenna panels are used to accommodate TX/RX antenna arrays.  At the UE side, there are multiple approaches to configure Tx panels.  At least these types of panel configurations shall be considered:

i) Signal direction panel configuration, where all panels are facing one direction;

ii) Multi-direction panel configuration, where each panel faces a different direction.

It will be up to UE’s capability to support various MIMO features, including the multi-panel capability, depending on UE’s bands of operation and their corresponding implementations.  We propose
Proposal 1:

NR supports UE multi-panel configurations for above 6GHz carriers.

This contribution discusses these two options and provides our study and views for these UE panel configurations.
3
Single direction antenna panel configurations

For single panel configuration, the panel will face one direction, with either random orientation or optimally aimed direction.  When multiple panels are used, these panels can be arranged to face one direction with either coherent TXRU or non-coherent TXRU.  As illustrated in [3], two examples of UE panel configurations are shown in Figure 1 and Figure 2.


[image: image1]
Figure 1: UE array: Uniform Panel array configured as a single sub-panels,  128 total antenna elements


[image: image2]
Figure 2: UE array: Uniform Panel array configured with four sub-panels,  128 total antenna elements

In our examples with XP hybrid antenna configurations, we assume that one antenna panel has a set of 2 TXRUs.  Figure 1 shows a panel with 128 antenna elements and 2TXRUs.  The 128 elements are arranged with a 8x8 grid with cross-polarization.  Figure 2 shows a 4-panel configuration with 8 TXRUs.  Coherent/non-coherent TX/RX among these TXRUs is possible.
In our performance contribution [3] on multi-panel configuration in both DL and UL, it has shown that significant gains can be achieved on the UL by using multiple panels at both TRP and UE, where a higher of transmission layers is supported.  With this observation, we propose that:
Proposal 2:

NR supports UE single-direction antenna panel configurations for UL multi-panel transmission.
4
Multiple-direction/face antenna panel configurations

Another UE antenna panel configuration is to use different panels at different directions.  This type of panel configurations can be called as multi-direction or multi-face panel configurations.  One example is illustrated in Figure 3, where two antenna panels facing different directions.  
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Figure 3    Two-panel antenna configuration with two directions/faces
With such antenna configurations, the multi-panel may have coherent or non-coherent TX/RX, depending on implementation details. However, for multi-direction panel configurations, it would be difficult to co-phasing antenna elements for different panels. Non-coherent Tx/Rx could be an easier implementation solution.
One potential benefit for such configurations is the ability to mitigate the impact of UE blockage, where UE could perform rapid selection/switching among its multi-direction panels. Given the limited TX power, these multi-panels may work in time division multiplexing (TDM) fashion for transmission. In one scenario, different UE panels may associate with different TRPs. This raised potential issues for multiple timing advance and multiple power control, as addressed in the WF [1].
However, at current stage, it is not clear about the system impact of the multi-direction antenna panel configurations at UE. Multiple TA and multiple power control, shall be studied with the potential benefits of using multi-direction panels.  We thus propose:
Proposal 3:

Study UE multi-direction antenna panel configurations for potential system impacts.
5
Conclusions
In this contribution, we made the following proposals: 

Proposal 1:

NR supports UE multi-panel configurations for above 6GHz carriers.

Proposal 2:

NR supports UE single-direction antenna panel configurations for UL multi-panel transmission.
Proposal 3:

Study UE multi-direction antenna panel configurations for potential system impacts.
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