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Introduction
Among a number of features supported in LTE, MIMO has been indispensable for meeting system throughput requirements. Having undergone multiple stages of enhancements over Rel.8, it can be said that LTE Rel.14 will support a competitive MIMO system which facilitates various use cases and levels of trade-off. It is expected that MIMO continue to be as essential feature for this new RAT.  
In RAN1#85, the following agreement on DL MIMO was made [1]: 
	· The following DL multi-antenna transmissions to be studied for NR
· Closed-loop/(Semi)Open-loop spatial multiplexing
· Single/Multi-point transmissions
· SU/MU-MIMO
· Transmit diversity, 
· e.g., Single/Multi panel spatial diversity
· Combination of above techniques
· Other DL multi-antenna transmissions and related techniques are not precluded
· This does not imply that used transmission technique needs to be known to the UE



This contribution addresses two issues: 
1. General design principles and basic components for DL MIMO in the context of the new RAT. For brevity, the term “NR MIMO” will be used to refer to MIMO system designed for 5G new radio interface.
2. Further refinement on the highlighted parts (closed-loop/(semi)open-loop spatial multiplexing and SU/MU-MIMO) 
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A proposed design principle is to build from the features available in the anticipated Rel.14 eFD-MIMO. This involves two efforts:
1. Streamlining: 
a. Removing design constraints (and perhaps features) specifically tied with LTE backward compatibility such as the presence of Rel.8 CRS in every subframe.
b. Removing redundant features especially those which result in unnecessary specification complexity: This includes the large number of CSI reporting modes in Rel.13/14 LTE which unnecessarily overlap in utilities.  
2. Introduce new features specific to the new radio interface: Some examples are:
a. Designs compatible with potentially new subframe structure(s) such as flexible subframes. To some extent, Rel.13 LAA and eIMTA impose such constraints. Yet the current LTE MIMO may not be designed with such constraints in mind. 
b. Enabling high-resolution CSI measurements at the eNB/TRP with explicit feedback (see companion contributions [2], [3], [4]): for DL MIMO, this includes departure from LTE CSI reporting paradigm (termed the implicit feedback) and adopting an additional paradigm more suitable for MU-MIMO transmission.
Some basic design requirements are summarized in Table 1. 
· NR MIMO is targeted to facilitate flexible trade-off between diversity and multiplexing gain over a wide range of use cases while striving for a single framework. For instance, the chosen MIMO transmission scheme can be configured to accommodate low- to high-speed UEs.
· Likewise, a common framework is used for above-6GHz as sub-6GHz. Specific design constraints imposed by the use of analog/hybrid beamforming for above-6GHz (such as beam sweeping architecture) may be accommodated via a combination of potential specification support and system implementation. 
· Following a design principle from LTE, dual-polarized antenna array is assumed in designing MIMO components such as CSI reporting and codebook (whenever applicable). 
· For DL NR MIMO, OFDMA (or OFDMA-based scheme) is assumed.  
· The maximum number of layers for DL and UL NR MIMO are kept the same as LTE. There is no strong motivation to increase the maximum spatial multiplexing gain for each UE as any increase in spectral efficiency from higher-order SU-MIMO transmission is unlikely. 
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	System aspect
	Design requirement

	Use cases
	Outdoor, indoor, outdoor-to-indoor; 
Macro- and small-cells;
FDD, flexible TDD;
Sub-6GHz and above-6GHz; 
Single-beam and multi-beam;
Low to high UE speeds as defined in the requirements for new radio interface;
All relevant services: eMBB, URLLC, mMTC, eMBMS 

	Antenna array
	Dual-polarized 

	Multiple access scheme
	DL: OFDMA

	Max. no. DL layers per UE
	8



Proposal: Some basic design principles for NR MIMO are as follows:
· Building from Rel.14 DL eFD-MIMO, streamline unnecessary restrictions and redundant features in conjunction with adding new features for new subframe structures and high-resolution CSI reporting and efficient CSI measurements
· A single framework to support various use cases, optimized for OFDMA and dual-polarized antenna arrays
· Maximum number of DL layers follow Rel.14 LTE (=8)
[bookmark: _Ref446598629]Transmission techniques for DL MIMO
3 
To facilitate various use cases such as a wide range of UE speed, a two-tier beamforming-based framework analogous to the potential schemes supported in Rel.14 eFD-MIMO is proposed. As illustrated in Figure 1, two transmission techniques which facilitate dynamic and semi-dynamic beamforming are supported. For FDD, dynamic beamforming is analogous to LTE closed-loop MIMO while semi-dynamic beamforming is analogous to semi-open-loop MIMO evaluated in Rel.14 eFD-MIMO. 
However, the terms ‘closed-loop’ and ‘semi-open-loop’ are accurate only for FDD scenarios where full precoding matrix indicator (PMI) is reported by the UE for ‘closed-loop’ while only partial PMI is reported by the UE for ‘semi-open-loop’. Since the resulting schemes are also relevant for TDD, the terms ‘dynamic beamforming’ and ‘semi-dynamic beamforming’ are more appropriate. 
Dynamic beamforming is especially applicable when accurate CSI is available at the eNB/TRP (for instance, low UE speeds and good cell isolation or inter-cell interference coordination). In this case, the eNB/TRP can transmit data through a narrow directional beam since accurate directional information is available in the CSI report. This directional information can be reported via PMI or other precoding-related feedback which includes both long-term and short-term precoding information. Analogous to LTE, short-term precoding information can be reported as a wideband or subband CSI parameter. This facilitates frequency-selective precoding/beamforming.
Since accurate CSI is available at the eNB/TRP, the maximum number of DL layers (per UE) of 8 (see Table 1) can be supported.
Semi-dynamic beamforming is especially applicable when CSI quality is impaired at the eNB/TRP (for instance, high UE speeds and poor cell isolation which causes bursty inter-cell interference known as the flash-light effect). In this case, it is more advantageous for the eNB/TRP to transmit data through a group of directional beams since the UE can only indicate an approximate (or a range of) directional information. For this purpose, precoder (beam) cycling within a group of beams in frequency domain can be employed. This approximate directional information can be reported via PMI or other precoding-related feedback which includes only long-term precoding information. Such long-term precoding information does not require subband PMI (or precoding-related) reporting. 
Without accurate CSI at the eNB/TRP, the maximum number of DL layers (per UE) of 2 can be supported as high peak data rate is not expected in use cases of interest.
For TDD scenarios, both dynamic and semi-dynamic beamforming can be supported without precoding-related feedback provided that DL CSI can be estimated by exploiting UL-DL short-term reciprocity. In addition, both transmission techniques should facilitate dynamic switching between SU-MIMO and MU-MIMO.  
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[bookmark: _Ref446632390][bookmark: _Ref446632384]Figure 1 DL transmission technique: dynamic and semi-dynamic beamforming (applicable especially for FDD)

The above beamforming framework can be applied for different services. For example:
· Both dynamic and semi-dynamic beamforming, along with dynamic rank adaptation and MU scheduling, are applicable for eMBB. Depending on the link between the UE and the eNB, the UE can be configured with either dynamic or semi-dynamic beamforming.
· Both low-rank dynamic and semi-dynamic beamforming are especially suitable for URLLC (including challenging applications such as V2X). With low-rank transmission (such as rank-1), beamforming gain is maximized. For high mobility UEs (e.g. for V2I/N scenarios), the combination of long-term beamforming and beam cycling in semi-dynamic beamforming offers an efficient diversity-based scheme for group-based multicasting. For low-mobility UEs, low-rank dynamic beamforming offers the best performance.
· Rank-1 “dynamic” beamforming is especially suitable for mMTC. Since mMTC UEs are expected to be of low mobility (many of them static), dynamic beamforming with very low CSI update rate maximizes beamforming gain. 
· For eMBMS, semi-dynamic beamforming seems to be a good scheme when group-based multicasting is desired. For such applications, the ability to configure the number of beams within one beam group (represented by the long-term PMI) is important depending on the configuration for eMBMS.    

Table 2 summarizes the comparison of these two transmission techniques.
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	System aspect
	Dynamic beamforming
	Semi-dynamic beamforming

	Max. no. DL layers per UE
	8
	2

	Data transmission using
	One directional beam
	A group of beams cycled in frequency domain

	Precoder-related feedback
	Short-term and long-term, wideband and subband reporting can be supported
	Long-term and wideband reporting 




To support a maximum of 8 layers per UE, a maximum number of 8 DMRS ports can be allocated per UE. Continuing on the Rel.13 mind-set, DMRS should be designed to facilitate efficient MU-MIMO multiplexing. Thus, it is reasonable to increase the number of orthogonal DMRS ports beyond Rel.13 FD-MIMO. For instance, at least 8 orthogonal DMRS ports can be supported in DL NR MIMO.  

Proposal: The following features should be supported for DL NR MIMO: 
· Dynamic and semi-dynamic beamforming transmission techniques as described in Table 2
· For FDD: analogous to closed-loop and semi-open-loop transmission techniques 
· Configurable parameters for different services
· Increased number of orthogonal DMRS ports to facilitate MU-MIMO multiplexing
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In this contribution, Samsung’s view of DL MIMO for 5G new radio interface (NR) is presented. Building on (e)FD-MIMO via streamlining and adding differentiating features, our proposal can be summarized as follows: 
· Some basic design principles for NR MIMO are as follows:
· Building from Rel.14 DL eFD-MIMO, streamline unnecessary restrictions and redundant features in conjunction with adding new features for new subframe structures and high-resolution CSI reporting and efficient CSI measurements
· A single framework to support various use cases, optimized for OFDMA and dual-polarized antenna arrays
· Maximum number of DL layers follow Rel.14 LTE (=8)
· The following features should be supported for DL NR MIMO: 
· Dynamic and semi-dynamic beamforming transmission techniques as described in Table 2
· For FDD: analogous to closed-loop and semi-open-loop transmission techniques 
· Configurable parameters for different services
· Increased number of orthogonal DMRS ports to facilitate MU-MIMO multiplexing
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