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1. Introduction
Based on the WID of NR MIMO enhancements for Rel-16 in RAN meeting #81 [1], the following has been agreed to
· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  

In this contribution, we study enhancements of Type-II CSI and show that the CSI feedback rate and the feedback overhead can be drastically reduced when extending the PMI report by beam-specific Doppler-frequency components. In detail, we discuss CSI reporting based on the channel stationarity time and show how the conventional Release 15 double-stage precoder can be extended by a Doppler-frequency component. 

Further compression schemes of Type-II CSI are also discussed in our companion contribution [2].
2. Motivation for CSI feedback reduction
Channel precoding and user scheduling for MU-MIMO scenarios rely on the availability of accurate channel state information reported from the user terminals to the base station. For this purpose, Type-II CSI reporting has been introduced in Release 15 which provides CSI with a high resolution. One major drawback of the current scheme is that the CSI feedback periodicity depends on the channel coherence time which defines the time duration over which the amplitude and phase change imposed by the channel is considered to be constant. Especially in high-mobility MIMO channel environments where the coherence time is small (the CSI feedback periodicity is high), the feedback overhead is large and Type-II CSI reporting may not be applicable. 

Observation 1: A Type-II CSI report contains only information of the current MIMO channel state/realization and does not take into account the channel evolution over time. The CSI feedback periodicity depends on the channel coherence time and gets small in high-mobility MIMO channel environments. 

When observing the radio channel for time intervals equal to the channel stationarity time, that is, the time over which the channel statistics remain identical, large-scale parameters such as path loss and shadow fading do not change and channel variations are only related to small-scale fading. The channel stationarity time is much larger than the channel coherence time. Within the stationarity time, the time-varying channel is characterized by multipath propagation with each path component being associated with a Doppler-frequency shift caused by the movement of the UE or objects moving in the channel environment. The time-varying l-th channel tap  can therefore modelled by a sum of discrete path components [3], 

where ,  and  denote the complex attenuation factor, delay and Doppler-frequency associated with the k-th path of the l-th channel tap, respectively. 

To motivate our proposal, we emphasize in the following the difference between the coherence time  and the stationarity time  based on evaluations of real-world MIMO channel measurement data. 
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	Figure 1: Schematic of the measurement scenario (left): the green car indicates the moving receiver (Rx) with the respective antenna positions (right), the transmitter (Tx) was set up to constitute a road side unit besides the highway.


Figure 1 (left) shows a sketch of the MIMO channel sounding measurement V2X scenario which took place on a highway. The transmitter, constituting a road side unit (RSU), was placed besides the emergency lane on a tripod at a height of about 3m. The receiver was placed in a car, see Figure 2 (right). On the receiving side, three omnidirectional antennas placed on the roof of the car and two additional patch antennas in the rear bumper were used for the measurement. The measurement bandwidth was set to 20 MHz at a frequency of 2.53 GHz.
The basis for the calculations of the stationarity time is the generalized local scattering function (GLSF) [4]. While the coherence time is calculated directly and solely from the inverse of the channel Doppler-frequency spread, , the stationarity time is a measure of the similarity between different GLSFs, i.e. the channel at different time instances. Figure 2 shows the coherence time and the stationarity time for the V2X highway scenario from Figure 1 (left). In addition, Figure 3 shows the corresponding CDFs of both TC and TS. Note that the x-axis scales are different for both plots. It can be observed that the stationarity time is significantly larger than the coherence time over the whole measurement track/time. While the mean value of TC is roughly  msec, the average of TS is about  msec. A strong variation of the stationarity time is found at around 30 sec, 41sec and at roughly 54 sec of the measurement. While the drop at 41 sec indicates the moment of the Rx vehicle passing by the static transmitter, the other two instances may result from passing static objects in the near environment e.g. a large traffic sign at 30 sec and a concrete bridge at around 54 sec. 
Observation 2: The channel stationarity time is much larger than the channel coherence time. 
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[bookmark: _Ref525059895]Figure 2: Coherence time vs. stationarity time for the V2X highway measurement scenario; the stationarity time is significantly larger than the coherence time.
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[bookmark: _Ref525059957]Figure 3: CDFs of TC and TS of the V2X highway scenario; note the different x-axis scales.
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	Figure 4: Comparison of coherence time, stationarity time and indication of PMI feedback periodicities. 



3. Extension of Type-II CSI Reporting
To facilitate CSI reporting based on the stationarity time and hence to reduce the CSI feedback periodicity (see Figure 4), the PMI reported from the UE shall contain information about the Doppler-frequency components of the channel. This can be realized by extending the conventional Release 15 double-stage precoder by a Doppler-frequency component. In contrast to the conventional double-stage precoder that performs precoding only in the space domain, the extended double-stage precoder connects the Doppler and space domains by associating each spatial beam with a set of Doppler-frequency vectors. Both, the beam- and the Doppler-frequency vectors are independent of the subband indices and are linearly combined by subband-specific complex combining coefficients. The Doppler-space domain double-stage precoder is represented for the l-th transmission layer, the s-th sub-band and the two polarizations of the base station array by
	


	


(2)


where the symbol ‘’ denotes the Kronecker product, 
·  is the number of beams per polarization for the l-th layer, 
·  is the number of Doppler-frequency components for the l-th layer and u-th beam, 
·  is the -th spatial beam associated with the -th layer;
·  is the -th Doppler-frequency vector of size  associated with the -th layer, -th spatial beam, and the -th () polarization of the precoder,
·  is the complex combination coefficient associated with the -th layer, -th spatial beam, -th Doppler-frequency, s-th sub-band, and the -th polarization of the precoder, and
·  is a scalar normalisation factor to ensure a certain total transmission power.

The spatial beamforming vectors  in (2) are selected from an oversampled 2D-DFT codebook matrix. The selected beams and number of beams  may be non-identical, partly-identical, or non-identical over the transmission layers. For example, when the number of beams is identical over the transmission layers, .  

Each vector  in (2) is associated with a Doppler-frequency and selected from a codebook matrix which is based on a DFT- or oversampled DFT-matrix. The Doppler-frequencies may be obtained by the UE by estimating the Doppler-frequency spectrum of the beam-formed channel. This means, the gNB transmits a burst of T CSI-RS and the UE records the channel for the configured subbands. The CSI-RS burst length T is configured by the gNB and depends on the required Doppler-frequency resolution at the UE. The recorded channels are then used by the UE to select the beamforming vectors  and to calculate the Doppler-frequency spectrum from the beam-formed channel either by a simple DFT- or a high resolution parameter estimation algorithm. The Doppler-frequencies and the associated Doppler-frequency vectors  may then be calculated from the Doppler-frequency spectrum. The selected Doppler-frequency vectors  may depend on the layer, beam and polarization index. Different configurations of the Doppler-frequency vectors can be considered (for example):
· The vectors  may be non-identical for the beams of the -th transmission layer such that each beam is associated with its own set of  Doppler-frequency components,
· The vectors  may be identical for all beams of a transmission layer such that all beams are associated with the same set of Doppler-frequencies.
· The vectors  may be identical for all beams and all transmission layers such that all beam of each transmission layer is associated with the same set of Doppler frequencies.
· The number of Doppler-frequencies  may be identical or non-identical over the beams and/or transmission layers. 
Proposal 1: To facilitate CSI reporting based on the stationarity time, the PMI reported from the UE shall contain Doppler-frequency components. 

Proposal 2: Different (Doppler-frequency, beam) configurations can be studied for the Doppler-space double-stage precoder calculation with respect to performance and feedback overhead.

The PMI report containing the Doppler-frequency components can be used at the gNB within the stationarity time of the channel to facilitate predictive multi-user scheduling and/or multi-user precoder matrix prediction. For example, for the precoder matrix prediction, the length Doppler-frequency DFT-vectors are reconstructed at the gNB based on the PMI report and extended to length- vectors , the extension defined by 


where is the selected DFT vector from the DFT Doppler codebook. The predicted Doppler-space precoder matrix for the -th layer, s-th subband, and -th () future time instant is then given by 


where  is the -th entry of vector . 

Observation 3: The Doppler-frequency components from the extended PMI report can be used at the gNB for predictive multiuser scheduling and/or predictive multiuser precoding.
4. Conclusions
The contribution discusses the reduction of the CSI feedback periodicity and the extension of the PMI report with a Doppler frequency component, based on which the following observations and proposals are made.
Observation 1: A Type-II CSI report contains only information of the current MIMO channel state/realization and does not take into account the channel evolution over time. The CSI feedback periodicity depends on the channel coherence time and gets small in high-mobility MIMO channel environments. 
Observation 2: The channel stationarity time is much larger than the channel coherence time. 

Proposal 1: To facilitate CSI reporting based on the stationarity time, the PMI reported from the UE shall contain a Doppler-frequency component. 

Proposal 2: Different (Doppler-frequency, beam) configurations can be studied for the Doppler-space double-stage precoder calculation with respect to performance and feedback overhead.

Observation 3: The Doppler-frequency components from the extended PMI report can be used at the gNB for predictive multiuser scheduling and/or predictive multiuser precoding.
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