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Introduction
In RAN1#85, the following agreement on UL MIMO was made [1]:
	· The following techniques are studied for NR UL MIMO
· Uplink transmission/reception schemes for data channels
· Non reciprocity based UL MIMO (e.g. PMI based) 
· Reciprocity based UL MIMO. E.g. UE derives precoder based on downlink RS measurement (including partial reciprocity)
· Support of MU-MIMO
· Open-loop/Close-loop single/Multi point spatial multiplexing
· e.g. for multi point SM, multi layer is received either jointly or independently by different TRPs
· Note: for multi point SM, multiple point may have coordination
· …



In RAN1#86, the following agreement on UL MIMO was made [2]:
	Agreements:
The following aspects for UL MIMO transmission should be supported:
· Transmission schemes/methods for reciprocity calibrated UEs, reciprocity non-calibrated UEs, and non-reciprocity/partial reciprocity cases
· …
· At least one of the following candidate schemes/methods is to be supported
· Candidate 1: Codebook based transmission 
· Frequency selective and frequency non-selective precoding in digital domain can be considered for large system bandwidth
· The support for frequency selective precoding is conditioned on decision on NR waveform(s)
· FFS: The values of the large system bandwidth
· …
· Candidate 2: Non-codebook based transmission 
· Frequency selective and frequency non-selective precoding in digital domain can be considered for large system bandwidth
· The support for frequency selective precoding is conditioned on decision on NR waveform(s)
· FFS: The values of the large system bandwidth
· …



[bookmark: _Ref446598547]This contribution addresses two issues related to the highlighted part of the agreement: 
1. Design requirements
2. Transmission methods for DMRS-based spatial multiplexing for UL NR MIMO

UL DMRS-based spatial multiplexing: design requirements
1 
2 
Some basic design requirements are summarized in Table 1. 
· UL DMRS-based spatial multiplexing can be configured to accommodate low- to medium/high-speed UEs. That is, spatial multiplexing is expected to be applicable even for higher speed
· A common design is preferred for above-6GHz as sub-6GHz, but separate designs are also possible if hybrid BF architecture introduces additional constraint(s) . 
· 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 >6GHz scenario, the use of multi-panel architecture should be considered. 
· For eMBB and URLLC, OFDM(A)-based waveform seems to be a good choice for UL data transmissions. Hence, DMRS-based SM for UL MIMO is designed with OFDMA in mind.
The maximum number of layers for UL NR MIMO is 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. Note that due to hardware limitation, the maximum number of layers for >6GHz scenario is expected to be smaller (e.g. in the order of 2).

[bookmark: _Ref446608541]Table 1 Basic design requirements
	System aspect
	Design requirement

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

	Antenna array
	Dual-polarized (also multi-panel for >6GHz)

	Multiple access schemes
	UL: OFDMA 

	Max. number UL layers per UE
	4



Proposal: Some basic design requirements for UL DMRS-based spatial multiplexing are as follows:
· Strive for a single design to support various use cases, optimized for OFDMA and dual-polarized antenna arrays
· Maximum number of UL layers follow Rel.10 LTE (=4)

Transmission methods for UL DMRS-based SM
3 
Notice that the terms ‘open-loop’ and ‘closed-loop’ spatial multiplexing, referring to the presence or absence of precoding information feedback, are suitable for DL MIMO in FDD scenario. For UL MIMO, precoding feedback is non-existent. Therefore, it is proposed that the classification ‘open-loop’/’closed-loop’ be replaced by transmission-method-based classification: precoding and precoder cycling. In addition, the symmetry between UL and DL is compatible to using the same terminology as DL MIMO (see [3]).   
Analogous to DL NR MIMO (see a companion contribution [3]), UL NR MIMO will benefit from precoding and precoder cycling as illustrated in Figure 1. Unlike for DL, however, UL MIMO may need to be implemented differently depending on the duplexing scheme, especially in terms of its signalling support.
Precoding is especially applicable when accurate UL-CSI is available at a gNB or UE (for instance, low UE speeds and good cell isolation or inter-cell interference coordination). In this case, the UE can transmit data through a narrow directional beam since accurate directional information is accessible. For FDD, the gNB can signal a choice of precoding vector/matrix (or vectors/matrices when frequency-selective precoding is employed) to a UE via a DL control channel, such as an UL grant. Upon receiving such precoding information, the UE shall use the associated precoder to transmit the requested UL data to the gNB. This precoding information is updated dynamically by the gNB. 
Precoder cycling is especially applicable when UL-CSI quality is impaired at the gNB or UE (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 to transmit data through a small group of directional beams. For this purpose, precoder (beam) cycling within a group of beams in frequency domain can be employed. This cycling pattern can either be fixed or signalled to the UE. The same codebook can be used for both precoding and precoder cycling.


[bookmark: _Ref446632390][bookmark: _Ref446632384]Figure 1 UL DMRS-based SM transmission methods: precoding and precoder cycling

Proposal: 
· Replace the classifications ‘open-loop’/’closed-loop’ with method-based classification of ‘precoding’ and ‘precoder cycling’ 
· Same classification as DL MIMO
· Signalling and UL-CSI measurement support are to be addressed separately
· Both precoding and precoder cycling should be supported for UL DMRS-based spatial multiplexing (SM) 

4 Conclusions
In this contribution, Samsung’s view on UL MIMO for new radio interface (NR) is presented. Our proposals are summarized as follows:
· Some basic design requirements for UL DMRS-based spatial multiplexing are as follows:
· [bookmark: _GoBack]Strive for a single design to support various use cases, optimized for OFDMA and dual-polarized antenna arrays
· Maximum number of UL layers follow Rel.10 LTE (=4)
· Replace the classifications ‘open-loop’/’closed-loop’ with method-based classification of ‘precoding’ and ‘precoder cycling’ 
· Same classification as DL MIMO
· Signalling and UL-CSI measurement support are to be addressed separately
· Both precoding and precoder cycling should be supported for UL DMRS-based spatial multiplexing (SM) 
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