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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. Reference signal is an important component of MIMO. In RAN1#85, the following agreements related to the reference signal have been achieved: 
Agreements:
· In NR multi-antenna schemes, studies on RS design and CSI acquisition considering following use cases
· Non-UE-specific RS use case for CSI measurement 
· UE-specific RS use case for CSI measurement 
· Note: functionally may be analogous e.g.: to R13/14 UE-specific beamformed CSI-RS (with dynamic beamforming)
· Note: maybe relevant to UE receiving beam sweeping
· Use of a joint operation among multiple RS from the same or different use cases 
· RS for interference measurement use cases
· RS for channel reciprocity use cases
· Other use cases is not precluded
· Note: including measurement over aperiodic/periodic/semi-persistent RS
· Note: Subband RS is not precluded

Agreements:
· The following techniques are studied for NR UL MIMO
· Uplink transmission/reception schemes for data channels
· Non reciprocity based UL MIMO (e.g. PMI based) 
· Reciprocity based UL MIMO. E.g. UE derives precoder based on downlink RS measurement (including partial reciprocity)
· Support of MU-MIMO
· Open-loop/Close-loop single/Multi point spatial multiplexing
· e.g. for multi point SM, multi layer is received either jointly or independently by different TRPs
· Note: for multi point SM, multiple point may have coordination
· Single/Multi panel spatial diversity
· Uplink antenna/panel switching (UE side)
· UL beamforming management for analog implementation
· Combination of above techniques
· 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

Agreements:
· 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

This contribution provides our views on reference signal design for NR MIMO.
Discussion
Downlink reference signals
Functionalities of downlink reference signals may include CSI measurement, demodulation, beam training, RRM measurement and fine time/frequency synchronization. Except beam training, all other functionalities appeared in LTE, therefore the basic design principles could be inherited from LTE.
· CSI measurement
CSI measurement RS aims to enable CSI feedback and link adaption, which could be commonly used for data and control channel. In LTE Rel-13 FD-MIMO, there are three kinds of CSI-RS, i.e. cell-specific beamformed CSI-RS, UE-specific beamformed CSI-RS and non-precoded CSI-RS. According to the agreement, the non-precoded CSI-RS and cell-specific beamformed CSI-RS can be categorized as the non-UE-specific RS in NR. In high frequency communication system, these reference signals are preferred to be jointly used as the hybrid CSI-RS discussed in LTE Rel-14 eFD-MIMO. For example, a UE could be configured with N non-UE-specific RS resources and one UE-specific RS resource. For N=1 case, non-precoded CSI-RS is used as the non-UE-specific RS for wide coverage, and the UE-specific RS is beamformed based on the CSI feedback from non-precoded CSI-RS. For N>1, cell-specific beamformed CSI-RS could be used as the non-UE-specific RS, where the beamforming of CSI-RS resource may be analog, digital or hybrid, which is UE transparent. UE reports similar to CRI in LTE and PMI based on the selected resource, and the UE-specific RS is beamformed based on the beam information indicated by CRI and PMI. Therefore, all these three kinds of CSI-RS have corresponding application scenarios, which should be supported in NR.
The non-UE-specific RS may be periodic targeting for the link maintenance, whereas the UE-specific RS could be aperiodic based on UE demand. Moreover, if multiple numerologies are FDM multiplexed, subband RS should also be supported.
Proposal:
· Cell-specific beamformed CSI-RS, UE-specific beamformed CSI-RS and non-precoded CSI-RS should be supported in NR. 
· Demodulation
As stated in the agreement, to reduce decoding latency, demodulation RS is preferred to be located at the beginning of the time interval of the data transmission. In addition, a common demodulation RS designed for both data channel and dedicated control channel is desirable. On the one hand, it is helpful to simplify the UE implementation through unifying the channel estimation algorithm, On the other hand, the decoding latency is possible to be reduced if the estimated dedicated control channel could be directly applied to data decoding. Further, the channel estimation accuracy may be improved in certain cases when the demodulation RS lies in both data channel and dedicated control channel could be utilized.
Proposal:
· A common data and dedicated control demodulation RS framework is desirable. 
· Beam training
	As discussed in our companion contribution [2], besides separate dedicated RS signals, beam training is possible to either reuse the CSI measurement RS or synchronization RS if a unified RS design is considered in NR. This RS reusing scheme is helpful to save the RS design effort and to reduce the RS overhead, which is preferred unless the designed dedicated RS exhibits necessary improvements in the beam training procedure (e.g., overhead reduction, beam training efficiency and effectiveness).
 Proposal:
· Beam training RS is preferred to reuse the reference signal of other functionalities, e.g., the CSI measurement RS, the synchronization RS, etc.
· RRM measurement
	In LTE system, CRS is used for the RRM measurement. The CRS is intended for the CSI measurement and data demodulation. These functionalities are replaced by the CSI-RS and DMRS, respectively in later releases of LTE system. Following this trend, the CRS type of RS may be not supported in NR. In this way, one possibility of the RRM measurement is to reuse the synchronization signal, CSI-RS or beam training RS (if supported) defined in NR. However, sufficient measurement accuracy from these reference signals should be proved based on further studies. 


Proposal:
· Reusing synchronization signal, CSI-RS or the new designed beam training RS (if supported) defined in NR may be a candidate for RRM measurement. 
· Fine time/frequency synchronization
	Similar to the RRM measurement, CRS is also used to carry out fine time/frequency synchronization in LTE. In NR, non-UE-specific CSI measurement RS may be used instead. Further study is needed to verify whether the time/frequency density of non-UE-specific CSI measurement RS is adequate for fine time/frequency synchronization. Another candidate is demodulation RS because of its time/frequency density requirement for data demodulation.  
Proposal:
· It needs to verify whether the time/frequency density of non-UE-specific CSI measurement RS is adequate for fine time/frequency synchronization. Meanwhile, demodulation RS could be another candidate for fine time/frequency synchronization.
Uplink reference signals
From the agreements in last RAN1 meeting, in addition to the sounding and demodulation reference signals as used in LTE, the phase noise compensation reference signal is also included in the uplink. Further, the necessity of uplink beam training reference signal has to be studied.
· Sounding and demodulation
In high frequency communication system, with multiple antenna panels at the UE side, it is possible to create narrow 3D UL beams in UL. This is beneficial to achieve the MU-MIMO performance gain. As mentioned in [3], the UL high order MU-MIMO could be supported in NR. Compared with the SRS and DMRS in LTE, larger sounding RS capacities and enough orthogonal demodulation RS ports should be considered.
Proposal:
· Larger sounding RS capacities and enough orthogonal demodulation RS ports should be considered. 
· Phase noise compensation
Phase noise of the oscillator incurs stochastic phase variations on the signal. In the frequency domain, phase noise results in frequency spread, which causes ICI (inter-carrier interference) to some extent for the OFDM signal. This means the influence of phase noise is highly related to the subcarrier spacing of the signal in NR. The larger subcarrier spacing, the less ICI remains. The phase noise compensation RS design has to consider the ICI impact. If the ICI could be neglected for larger subcarrier spacing, the RS could be designed to compensate for the phase changing among different OFDM signals. Otherwise, if ICI exists, the phase changing within each OFDM signal has to be compensated as well, which makes it more challenging to design the phase noise compensation RS. 
Proposal:
· The phase noise compensation RS design has to consider the ICI impact. 
· Beam training
Since the uplink signal could be beamformed, the adequate Tx beam is required in the system. If the Tx antenna and Rx antenna of the UE are the same, the best Tx beam can be determined by Rx beam sweeping. In the scenarios where Rx antenna is different from the Tx antenna, the beam training RS is then needed for the Tx beam sweeping in UL. Therefore, the necessity of designing the uplink beam training reference signal depends on the antenna structure at the UE side. If needed, similar to the downlink beam training RS, the sounding RS could be a possible candidate for uplink beam training. 
Observation:
· The necessity of designing the uplink beam training reference signal depends on the antenna structure at the UE side. 
Conclusions
	In this contribution, we provided our views on reference signal design for NR MIMO. The observation and proposals are summarized below:
 


Observation:
· The necessity of designing the uplink beam training reference signal depends on the antenna structure at the UE side. 

Proposals:
· Cell-specific beamformed CSI-RS, UE-specific beamformed CSI-RS and non-precoded CSI-RS all have their corresponding application scenarios, which should be supported in NR. 
· A common data and dedicated control demodulation RS framework is desirable. 
· Beam training RS is preferred to reuse the reference signal of other functionalities, e.g., the CSI measurement RS, the synchronization RS, etc.
· Reusing synchronization signal, CSI-RS or the new designed beam training RS (if supported) defined in NR may be a candidate for RRM measurement. 
· It needs to verify whether the time/frequency density of cell-specific CSI-RS is adequate for fine time/frequency synchronization. Meanwhile, demodulation RS could be another candidate for fine time/frequency synchronization.
· Larger sounding RS capacities and enough orthogonal demodulation RS ports have to be considered. 
· The phase noise compensation RS design has to consider the ICI impact. 
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