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Introduction
	In RAN#71, the study item on new radio access technology has been approved [1]. Being considered as an essential technique to fulfill the requirement of 5G services, MIMO has been studied for the new RAT since RAN1#85. In RAN1#85, phase noise compensation has been agreed as a UL RS function, which should be considered for RS design:
Agreements:
· The following techniques are studied for NR UL MIMO
· UL RS design considering the below functions
· Sounding
· Demodulation
· Phase noise compensation
· UL transmit power/timing advance control in the context of UL MIMO
· Transmission scheme(s) for carrying UL control information
· Other UL MIMO and related techniques are not precluded

This contribution provides our views on phase noise compensation RS design for NR MIMO.
Discussion
Phase noise of the oscillator incurs stochastic phase variations on the signal. As mentioned in [2] and [3], phase noise causes common phase error (CPE) and inter-carrier interference (ICI) to the received signal in the frequency domain. For OFDM signal, CPE reflects a common phase rotation on each subcarrier of the OFDM symbol, whereas ICI will destroy the orthogonality between the subcarriers. Both of CPE and ICI are time variant, which may be different for each OFDM symbol.
Since phase noise becomes significant in high frequency, it has to be compensated in NR. Similar to DMRS, phase noise compensation is associated with UE data demodulation. If DMRS is reused, DMRS density in time domain is not sufficient to track the phase variation among each symbol. Especially DMRS is possible to be located at the beginning of subframe to reduce decoding latency in NR. In this way, a dedicated UE-specific phase noise compensation RS is needed. 
Observation:
· Dedicated UE-specific phase noise compensation RS is needed.
For phase noise compensation RS design, both CPE and ICI should be considered. As discussed in [4], the impact of ICI depends on the subcarrier spacing, i.e. the larger subcarrier spacing, the less ICI remains. In addition, with the same subcarrier spacing, the OFDM signal with higher modulation order becomes more sensitive to the phase noise. If ICI could be ignored, a single RE per symbol is sufficient to compensate for CPE. Otherwise, multiple REs per symbol would be required for ICI compensation. Therefore, phase noise compensation RS density is preferred to be configurable to support different use cases. Thus, phase noise compensation RS could be adaptively configured with corresponding density determined by the subcarrier spacing or the modulation order.
Proposal:
· Phase noise compensation RS density is preferred to be configurable.
Moreover, there are multiple TX/RX chains for NR MIMO. Whether these TX/RX chains could be assumed to suffer from the same phase noise needs to be discussed. This assumption may relate to the port number of phase noise compensation RS. For instance, with the same phase noise for each TX/RX chain, the port number of phase noise compensation RS could be equal to one. If different phase noise exists, multiple ports may be required to estimate the phase noise of each TX/RX chain individually.

Proposal:
· Whether all the TX/RX chains could be assumed to suffer from the same phase noise needs to be discussed.
Conclusions
	In this contribution, we present our views on phase noise compensation RS design. Considering both CPE and ICI compensation, we have the following observation and proposals.

Observation:
· Dedicated UE-specific phase noise compensation RS is needed.

Proposals:
· Phase noise compensation RS density is preferred to be configurable.
· Whether all the TX/RX chains could be assumed to suffer from the same phase noise needs to be discussed.
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