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Introduction
In RAN1 NR-AH Meeting [1], WG1 continued the discussion on frequency selective precoding for DL MIMO transmission, and the following agreements were reached; 
· For the DL, NR supports configurable PRG size for data DMRS
· FFS: Signaling for the configuration of PRG size (semi-static or dynamic)
· FFS: available options/schemes.
· FFS: continuous precoding in time domain for DMRS channel estimation with the following examples:
· Semi-static measurement window
· Dynamic indication of precoding sets
· Support of continuous precoding when gNB supports slot aggregation
· Contiguous time allocations 
· FFS: multiplexing of DMRS ports using time domain OCC between aggregated slots
· Note: Consider impact of DMRS pattern
· Note: Other code is not precluded.

Furthermore, for UL MIMO transmission, support and further study of frequency selective precoding were agreed; 
· Support PRB bundling for CP-OFDM
· Study configurability of PRG size for CP-OFDM
· Study the PRG size
In this contribution, we provide our views on the requirements and benefits of flexible RB bundling size in support of frequency selective precoding for MIMO transmission.

Phase-Continuous Precoding
The main shortcoming of frequency selective precoding in LTE is the restricted range of the available PRG sizes that limits the channel estimation accuracy leading to inefficient utilization of frequency selectivity. More specifically, due to  precoding discontinuities  across PRG boundaries, channel estimation occurs within each precoder region and cannot be enhanced through averaging over the large number of reference signals that may be available over the scheduled band. One key enabling mechanism to allow for wideband channel estimation despite frequency selective precoding is the use of a phase-continuous precoding. 
Phase-continuous precoding can be realized based on a codebook in which for every arbitrary pair of precoding options, there is a pre-designed set of transitional precoding choices that assure a phase continuous transition over the precoding region. Alternatively, the codebook can be designed to ensure that every arbitrary pair of codewords is phase continuous. However, the design of such codebook is not straightforward, and furthermore its size would be prohibitively high. 
In [2], matrix interpolation procedures for phase-continuous precoding are studied. The proposed method attempts to design the mid or transitional precoders by interpolating the anchor precoders of the two adjacent PRGs while maintaining their orthonormal properties. The studied schemes require online computations that may result in extra complexity and power consumption.
In a recent RAN1 contribution [3], a procedure which smooths the time-representations of the precoding vectors is proposed to ensure phase continuity of precoders. The main idea relies on elimination of high frequency components, by pruning in its dual in time domain. Since the proposed scheme relies on additional IDFT/FFT operations, it will have some impact on power consumption and complexity that need to be considered.
A potential option for design of phase-continuous precoding for frequency selective MIMO transmission could rely on precoder choices such as CDD that by design are phase-continuous. The inherent phase-continuous property of a CDD precoder could facilitate implementation of a frequency-selective precoding transmission without requiring additional online computations that is beneficial from complexity and power consumption perspectives.
Proposal 1 – RAN1 considers further study of phase-continuous precoding schemes for frequency selective precoding.

PRG Size Considerations for UL MIMO
Similar motivations make the case for developing a parallel set of agreements to the ones made for DL precoding for UL transmission [1]. As such, given the agreements for UL frequency selective precoding in NR, a new set of choices for UL PRG sizes are required to allow for more accurate channel estimation. 
Besides the justifications that motivated the agreement for DL PRG sizes, there are additional arguments that make the case stronger for having a new set of choices for UL RBG sizes;
· Given the UE limited power, the possibility of a better channel estimation by the gNB for a cell-edge UE is an important aspect for a robust coverage. 
· Achieving a superior UL performance through a better channel estimation may allow some UEs to reduce their transmit power and result in a reduction of overall inter-cell interference.
· In low-latency UL transmission where mini-slots may be used extensively, a wideband transmission is expected. Therefore, such UL transmissions can significantly benefit from an enhanced channel estimation at the gNB.

Capability Exchange and Signaling
In a DL transmission scenario, besides the basic information related to the demodulation process, a UE should also be able to determine whether a gNB is operating with a continuous-phase precoder. Even if a gNB triggers per-tone precoding based on a specific PRG recommendation by UE, it still needs to indicate activation of the per-tone precoding to the UE. This information is essential for the UE to operate its channel estimator with a proper set of parameters. However, regardless of UE channel estimation capability, the gNB may always employ a phase-continuous precoder. In other words, it may be acceptable a UE continues to perform narrowband channel estimation even in case of a per-tone precoding, but not the opposite.

In the case of an UL transmission scenario, not all UEs may have per-tone precoding capability, as it may have some implications on complexity and power consumption. Therefore, the capability information should be signaled to the gNB to assist proper UE configuration.

In order to insure proper operation of the system, some information exchange between the gNB and UE may be required. Such exchange may be done through higher layer signaling in a form of general configuration, or perhaps dynamically through L1 control. 

Proposal 2 – RAN1 studies capability information exchange and efficient signal mechanism required for per-tone precoding operation.

Summary
In this contribution, we provide our views on the requirements and benefits of flexible RB bundling size in support of frequency selective precoding for MIMO transmission.
Proposal 1 – RAN1 considers further study of phase-continuous precoding schemes for frequency selective precoding.
Proposal 2 – RAN1 studies capability information exchange and efficient signal mechanism required for per-tone precoding operation.
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