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1
Introduction
Reference signal is always one important feature on mobile communication system. As discussed in [1], reference signal will carry the following functionalities at least:

· User specific reference symbols for demodulation: dedicated reference symbols are having numerous system advantage from the possibility of being able to carry the precoding information in a transparent way for the UE, overhead confinement in the UE allocation, scalable design allowing multi-rank SU and MU operation (including interference estimation in MU).
· User specific reference symbols for channel state information computation, including resources used for interference estimation.
· User specific reference symbols needed to compensate various distortions depending on the carrier frequency. Here we include potential reference symbol needed in order to mitigate the phase noise which is a characteristic of the high carrier’s transmission.

Meanwhile, in RAN1 #85 meeting, there is one agreement on demodulation reference signal:
· 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

In this contribution, general consideration on different reference symbols design are presented, and some observations and proposals are raised to facilitate the reference signal and system design for 5G new radio interface. 
2
Discussion 

2.1 Demodulation reference signal  
As one basic property, demodulation reference signal (DMRS) should be UE specific, self-contained in data occupied resource blocks. Since 5G new radio interface will support scalable frame structure and various frequency bands, hence, DMRS design should be considering one scalable DMRS structure to be adapt to different numerology and application scenarios. In scalable structure, DMRS time density is related to subcarrier spacing since larger spacing means to overcome larger Doppler shift, and for frequency domain density, it is related to channel delay profile, in other words, it could be mapping to different CP length. In accompanied contribution [2], one scalable DMRS structure is illustrated. 
Proposal 1: Consider scalable DMRS structure as the function of subcarrier spacing. 
In order to support cross-link interference cancellation, channel estimation of neighbouring cell is important. In accompanied contribution [3], symmetric DMRS pattern is proposed to facilitate the cross-link interference cancellation. Same RS location and PRB based sequence are beneficial to do neighbouring cell channel estimation.      

Proposal 2: Consider one symmetric DMRS pattern in DL and UL to facilitate the cross-link interference cancellation.

In MIMO transmission, rank adaption is needed to cover different use case. Meanwhile, MU-MIMO with antenna port indication is applicable in legacy LTE. Therefore, applying one single DMRS pattern to different rank will simplify the rate matching operation. On top of this, antenna port indication can enable SU/MU switching transparently. One UE is only aware of itself used antenna port. Besides that, UE can do interference estimation and cancellation based on antenna port indication. Due to predefined DMRS pattern and sequence, intra-cell and inter-cell interference cancellation can be performed jointly.
Proposal 3: Use one single rate matching pattern agnostic to different transmission configuration.
Proposal 4: Support SU/MU switching with transparent way via antenna port indication.  
2.2 Phase noise compensation reference signal
In legacy LTE system, system clock and oscillator jitter are not serious due to low carrier frequency usage. Normal reference signal would be enough to assist BS or UE to do frequency correction, and further suppress the phase noise. In 5G system, high frequency band is used popularly, so small jitter of the oscillator or RF impairment will cause strong phase noise. In order to assist UE or BS to do frequency correction and remove phase noise, one new reference signal is expected to carry this functionality, this is to say, using phase noise compensation reference signal to estimate the frequency jitter or phase change. For multiple antenna system, this impact will be more complicated and disturbing, because each TX or RX path will be possibly suffering different phase noise. Like as antenna calibration, in order to get reliable performance, it is better to calibrate phase shift of all TX/RX pairs. Considering real hardware instability, regular phase compensation should be made. Since each device has different physical characteristics, UE specific phase noise compensation reference signal should be supported.     
Proposal 5: Support phase noise compensation reference signal to assist UE and BS to suppress phase noise.  

2.3 Sounding reference signal
Sounding reference signal (SRS) will be used to sound UL channel status for CQI measurement. Considering UL power limitation, subband sounding with certain hopping pattern is one efficient way to scan the whole bandwidth. Meanwhile both periodic and aperiodic sounding are also supported in legacy LTE system. In multiple antenna case, multiple antenna simultaneous sounding and antenna switch based sounding are very important to support UL MIMO transmission and channel reciprocity utilization in DL MIMO. Therefore, in general, legacy LTE sounding reference signal design should be as one starting point for further optimization.
In 5G new radio, UL beamforming would become feasible and necessary, due to this change, SRS should be in nature supporting beam based sounding and beam sweeping. Though UE can be associated with one best UL beam based on DL signal measurement and reciprocity, SRS should own the capability to support multiple beam directional sweeping in case of UE movement and multiple cell coordination transmission. If UE TX beam number and BS RX beam number is more than one, optimal TX/RX beam pair may require multiple times sounding. Another important issue is how to enhance SRS utilization in TDD system. In this use case, increasing the capacity of SRS would be critical since sufficient orthogonal SRS resources are beneficial to channel reciprocity utilization, which requires more efforts in multiple antenna sounding. Meanwhile, multi-band sounding capability is also very useful for UL channel information acquisition.  
Based on above discussion, we have the following proposals:   
Proposal 6: Legacy sounding reference signal design should be as starting point for new radio interface, with much attention in the optimization of multiple antenna sounding and beam based sounding. 
Proposal 7: UL beam sweeping based sounding should be supported.  
2.4 DL CSI measurement reference signal
For DL CSI measurement, if referring to LTE Rel-13, beamformed CSI-RS and un-beamformed CSI-RS have been accepted by the 3GPP. When looking forward to 5G new radio, beamforming will be more popular since specifying more antenna ports may not provide much additional gain. In this sense, beam specific reference becomes necessary to help UE to do beam selection. When massive antenna structure is used, specifying a set of beams would be more meaningful instead defining a large amount of antenna ports. In order to assist UE to do beam selection, beam specific reference signal should be specified. After first step beam selection, UE specific beamformed reference signal should be supported to assist CSI measurement. Therefore, for 5G beamforming usage, beam specific reference signal and beamformed CSI-RS should be specified. It should be noted that beam specific reference signal is not only necessary for CSI measurement, but also useful for common control channel beamforming transmission. Then the synergy between data channel and common control channel should be taken into account. In case of beam specific reference signal, if considering system robustness and beam accuracy, beam reference signal and beam refinement reference signal can be considered, the former is cell specific reference signal for DL beam selection, and latter is UE specific reference signal for beam refinement in DL TX beam and RX beam.   
As the companied feature, zero-power CSI-RS should continue to be supported to help interference measurement. As one drawback of UE specific CSI-RS, it causes much overhead. Hence, some enhancements should be considered, for example, aperiodic CSI-RS and on-demand CSI-RS transmission can be supported. Moreover, if taking into UE traffic status account, dynamic CSI-RS sharing can be considered, where grouping a set of UE to share one CSI-RS resource with certain TDM/FDM pattern. 
Based on above discussion, we have the following proposals:  
Proposal 8: Support beam specific reference signal and beamformed CSI-RS to help UE to do CSI measurement, and further investigate beam refinement reference signal.
Proposal 9: Support periodic CSI measurement and on-demand aperiodic CSI measurement. 

Proposal 10: Consider dynamic CSI-RS sharing to reduce CSI-RS overhead. 
3
Conclusion
In this contribution, general discussion on DMRS, SRS and CSI measurement RS are presented. As one kind of essential system skeleton, reference signal design should be robust, and highly efficient. Therefore, a set of proposals are proposed for reference signal of 5G new radio interface: 
Proposal 1: Consider scalable DMRS structure as the function of subcarrier spacing. 
Proposal 2: Consider one symmetric DMRS pattern in DL and UL to facilitate the cross-link interference cancellation.

Proposal 3: Use one single rate matching pattern agnostic to different transmission configuration.

Proposal 4: Support SU/MU switching with transparent way via antenna port indication.  

Proposal 5: Support phase noise compensation reference signal to assist UE and BS to suppress phase noise.  

Proposal 6: Legacy sounding reference signal design should be as starting point for new radio interface, with much attention in the optimization of multiple antenna sounding and beam based sounding.  

Proposal 7: UL beam sweeping based sounding should be supported.  
Proposal 8: Support beam specific reference signal and beamformed CSI-RS to help UE to do CSI measurement, and further investigate beam refinement reference signal.

Proposal 9: Support periodic CSI measurement and on-demand aperiodic CSI measurement. 
Proposal 10: Consider dynamic CSI-RS sharing to reduce CSI-RS overhead.  
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