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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. As the phase noise impact becomes significant in high frequency, phase tracking RS has been agreed to be supported for both NR downlink and NR uplink in RAN1#86bis. For CP-OFDM waveform, the following agreements on phase tracking RS have been achieved:
Agreements:
· For CP-OFDM waveform, for the RS enabling phase tracking, the following should be studied:
· Time domain pattern
· Alt-1: Continuous mapping, i.e., on every OFDM symbol
· Alt-2: Non-continuous mapping, e.g., every other OFDM symbol
· Switching between Alt-1 and Alt-2 can also be considered
· Frequency domain pattern 
· Alt-A: Shared and across full carrier bandwidth with fixed density/spacing 
· Alt-B: Within each UE’s scheduled bandwidth and with configurable density/spacing
· Other patterns are not precluded
· Other properties
· UE-specific and/or non-UE-specific 
· Port multiplexing such as FDM/TDM/CDM 
· Potential sharing across users/streams
· On-off configuration

This contribution provides our views on phase tracking 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.
According to the agreements, phase tracking RS (PTRS) is supported to compensate for the phase noise impact. The time/frequency domain pattern, RS configuration and transmission are all needed to be studied. In the following, we mainly discuss the phase tracking RS design with respect to frequency domain pattern, UE/non-UE specific configuration and port sharing across users/streams. 
Frequency domain pattern
Both CPE and ICI should be considered in PTRS design. As discussed in [4], the impact of ICI depends on the subcarrier spacing, i.e.  larger the subcarrier spacing,  lesser the ICI remains. If ICI could be ignored, a low RS density in the frequency domain is sufficient to compensate for CPE. Otherwise, a relative high RS density may be required for ICI compensation. Therefore, for a cell with multiple numerologies, there would be different PTRS frequency densities across full carrier bandwidth to fulfill the various requirements of all the numerologies. 
On the other hand, with the same subcarrier spacing, the OFDM signal with higher modulation order becomes more sensitive to the phase noise [5]. In addition, the phase noise impact is also related to the traffic bandwidth [6], where UE’s data with larger traffic bandwidth suffers more BLER degradation due to the phase noise. Thus, PTRS is preferred be adaptively configured with proper density determined by the subcarrier spacing, the modulation order and the scheduled bandwidth. Therefore, at least PTRS configured within each UE’s scheduled bandwidth and with configurable density/spacing should be supported in the frequency domain.
Proposal:
· At least PTRS configured within each UE’s scheduled bandwidth and with configurable density/spacing (Alt-B) should be supported in the frequency domain.
UE-specific and/or non-UE-specific
If PTRS is allocated within the scheduled bandwidth of each UE, it could be either precoded using the same precoder for data channel or not being precoded (similar to CSI-RS in LTE). If precoded, PTRS would experience the same channel as DMRS and PDSCH, which targets for a unique UE. By sharing the same channel, this UE-specific PTRS could be mapped to the data only OFDM symbols. This scheme has the merit of more flexible PTRS configuration which could be adaptive to each UE. However, the RS overhead is larger since the PTRS cannot be shared among different UEs. On the contrary, without precoding, PTRS could be transmitted using a wider beam or cell-specific beam, which enables PTRS sharing at least among the MU-MIMO UEs. In order to guarantee the phase tracking accuracy for each UE, the PTRS has to be configured with the highest frequency density required by the UEs who share this PTRS.  Further, different from the UE-specific configuration, besides being mapped on the data symbols, PTRS has to be mapped on the DMRS symbol in order to obtain the phase variation of the PTRS channel on that symbol. Considering the PTRS flexibility, we slightly prefer the UE-specific configuration.
Proposal:
· UE-specific configuration is preferred considering the PTRS flexibility.
Potential sharing across users/streams
There are multiple TX/RX chains for NR MIMO. Whether these TX/RX chains could be assumed to suffer from the same phase noise or not needs to be discussed. As phase noise is mainly generated by the oscillator, where there are multiple oscillators equipped in the TX/RX side (e.g. one oscillator per panel), the phase noises of TX/RX chains using different oscillators tend to be different. The phase noise assumption may relate to the port number and potential port sharing of PTRS. 
If only one oscillator is used, each TX/RX chain has the same phase noise. For SU-MIMO, different data streams experience a common phase variation. Thus one PTRS port is sufficient to estimate the phase variation of its own stream, which could then be used by the other streams. For MU-MIMO, the common phase variation applies to the multiple streams of multiple UEs. If PTRS is not precoded, as mentioned above, one PTRS port could be shared across users. However if PTRS is precoded, the PTRS transmitted to a dedicated UE may not be received by the other UEs located at different directions. Therefore, multiple PTRS ports are needed, whose number is related to the co-scheduled UE number supported in NR.
In the case of multiple oscillators, multiple PTRS ports have to be used even for the SU-MIMO rank=1 transmission. Each PTRS port aims to estimate the phase variation incurred by an independent oscillator. Potential port sharing depends on the detailed PTRS transmission schemes, which should be further studied.
Proposal:
· Whether all the TX/RX chains could be assumed to suffer from the same phase noise or not needs to be discussed.
Conclusions
	In this contribution, we presented our views on phase tracking RS design. Considering both CPE and ICI compensation, we have the following proposals:

Proposals:
· At least PTRS configured within each UE’s scheduled bandwidth and with configurable density/spacing (Alt-B) should be supported in the frequency domain.
· UE-specific configuration is preferred considering the PTRS flexibility.
· Whether all the TX/RX chains could be assumed to suffer from the same phase noise needs to be discussed.
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