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Introduction
The reference signal (RS) for NR includes demodulation RS, CSI-RS, beam tracking RS, etc. In the RAN1#85 meeting, the following agreements related to reference signal were achieved [1]: 
· At least the following is studied for NR in order to reduce decoding latency
· RS used to start to demodulate a data transmission is located at the beginning of the time interval to which the data and associated RS for demodulation is physically mapped
· Other additional RS design associated with data demodulation is not precluded
The contribution mainly discusses the demodulation RS (DMRS) and phase noise compensation RS. RS for measurement like CSI-RS is discussed in our companion contribution [2], demodulation RS for control channel is discussed in our companion contribution [3], and RS for beam tracking and/or mobility is discussed in our companion contribution [4]. 
[bookmark: _Ref129681832]Discussion
Demodulation RS
For NR, DMRS should be designed separately for both control channel and data channel, due to properties like on-demand transmission and better support of beamforming. The design principles of DMRS for control channel have been discussed in our companion contribution [3]. As to the demodulation RS for data, according to the agreements in the RAN1 #85 meeting, the demodulation RS used to start to demodulate a data transmission is located at the beginning of the time interval to which the data and associated RS for demodulation is physically mapped, in order to achieve fast decoding. The occupied resources of DMRS may include one or several OFDM symbols. An example is shown in Fig. 1, where the DMRS is located at the first OFDM symbol of the time interval to which the data and the RS is physically mapped, i.e. the second symbol in DL-dominant subframe and the third symbol in UL-dominant subframe. 


          
[bookmark: _Ref457852227]Fig. 1 An example of DMRS for data channel.
In addition, some additional demodulation RS would be needed for data demodulation. For example, in some scenarios, the coherent time due to the Doppler shift may be smaller than the length of the time interval. Take high speed scenario as an example, the coherence time will be around 0.1 ms for 500 km/h case assuming the carrier frequency is 4 GHz. For a typical case with 30 kHz subcarrier spacing, the time interval may be around 0.5 ms or 0.25 ms as mentioned in [5]. If the RS for demodulation is only located at the beginning of the time interval, the coherent demodulation for data may suffer higher bit error rate due to the channel estimation error. 
Therefore, additional DMRS for data demodulation should be included to improve the accuracy of channel estimation. The additional DMRS will be located in the middle of the time interval as shown in Fig.1, and can be indicated by the DCI along with the data scheduling. The frequency density of the additional DMRS should be further studied to minimize the total overhead. 
Proposal 1: NR should support adding additional DMRS located in the middle of the time interval to which the data and associated DMRS for demodulation are physically mapped. 
· Can be indicated by the DCI for the data.
Phase noise compensation RS
The problem of phase noise becomes worse in high frequency (HF). For instance, the PSD of PN increases by 20 dB per decade of increase on the carrier frequency [1]. In addition, the phase noise from different RF chains may not be exactly the same, as mentioned in [6]. 
The effects of phase noise on CP-OFDM (which has been agreed as NR waveform performance reference [1]) can be decomposed into two parts: the common phase error (CPE), which is the average phase shift and is (almost) the same across all subcarriers, and the inter-carrier interference (ICI). The CPE can be estimated using pilot symbols and compensated at the receiver. The ICI can be mitigated by increasing the subcarrier spacing [7] , with which an increased portion of phase noise will be transformed into CPE and then compensated. In Fig.2, the BLER performance with and without phase noise compensation (PNC, for CPE, pilot-assisted) are compared. As can be seen, for high-order modulation (e.g. 64QAM 3/4), there are large gaps between the BLER curves with and without PNC. In the meantime, the performance gain becomes much smaller for low-order modulations (e.g., 16QAM 2/3).
Based on these observations, to support high-order modulation, certain transmission mechanisms (e.g., new RS design), which can facilitate low-complexity phase noise suppression at the receiver side, should be considered. 
Proposal 2: The RS design of NR for high frequency should support low-complexity phase noise mitigation.
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[bookmark: _Ref457852240]Fig. 2 BLER performance with and without phase noise compensation.
Conclusion
In this contribution, the demodulation RS for data and the need for RS for phase noise compensation are discussed respectively. Based on the discussions, we have the following proposals:
Proposal 1: NR should support adding additional DMRS located in the middle of the time interval to which the data and associated DMRS for demodulation are physically mapped. 
· Can be indicated by the DCI for the data.
Proposal 2: The RS design of NR for high frequency should support low-complexity phase noise mitigation.
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