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1. Introduction

In RAN#71, a study item on New Radio Access Technology was approved [1].  The goal of the SI is to study and evaluate key technologies targeted for meeting new 5G requirements under new scenarios identified in [2].  MIMO has been an important technology for meeting system throughput requirements in LTE.  It can also be used to extend system coverage or enhance robustness.  We believe that it will continue to be one of the essential features for new RAT.  Design of reference signals is critical to MIMO performance as it directly impact the performance of CSI measurement for CSI feedback and demodulation.  In this contribution, we show our views on reference signals design for NR MIMO.
2. Discussion
Reference signals (RS) have a number of functions in communication systems, such as synchronization, frequency offset estimation and channel estimation. In the early releases of LTE, these functions are realized by CRS, but it is recognized later that CRS lacks efficiency and expandability. Therefore, CSI-RS and DMRS are introduced, and CRS can still be utilized by legacy UE or advanced UE for synchronization, RSRP measurement, Doppler shift and Doppler spread measurement. CSI-RS can be transmitted with low density in time frequency domain and is suitable for periodic transmission. DMRS is very flexible and scalable with respect to port allocation, and its RS overhead does not increase with the number of TXRU.
In LTE, the waveforms for downlink and uplink are different, which is OFDM and DFT-S-OFDM respectively. Hence the reference signal design is also different for downlink and uplink in aspects such as multiplexing and time frequency domain position. For NR, identical or similar waveforms are likely to be adopted for the downlink and uplink of NR at least in some cases.   Under this condition, the reference signal design for downlink and uplink should be as similar as possible. For example, CSI-RS and SRS, DL DMRS and UL DMRS could reuse the same design.
Proposal 1： Strive for the same or similar design for downlink reference signals and uplink reference signals in NR
CSI-RS/SRS：
Both downlink reference signal and uplink reference signal can adopt multi-level design [3]. For MIMO system mainly relies on baseband precoding for its gain, the first level reference can be designed for large area coverage and sent on wide frequency band with wide beams. The second level reference mainly considers farther directed coverage and is transmitted on narrow beams. For MIMO system mainly uses RF beamforming, the first level reference can be sent on multiple narrow beams to cover a wide angular direction and received with wide beams for coarse beam selection. The second level reference can be sent on narrower beams in pre-selected directions and received with narrow beams for fine beam alignment. For hybrid precoding system which utilizes both RF beamforming and base band beamforming, the two aforementioned deigns can be combined. If the dimension of the antenna is high, more than 2 levels of CSI-RS/SRS may be used for to provide CSI with multiple levels of accuracy and robustness efficiently.
The first level reference signals could be transmitted periodically or with multiple shots, and they could also be shared multiple users. The design also depends on whether it is a standalone system.  The second level reference signals are user specific and sent aperiodically, and should have high configuration flexibility in RB allocation, port allocation, time domain position, number of repetition and power. For better resource efficiency, better support for the spatial multiplexing could be considered for the design.

For systems with the need for RF beam selection, CSI-RS/SRS and Data/Control channel can be multiplexed on the time domain to avoid the influence of RF beam sweep on data transmission. For better resource efficiency, CSI-RS/SRS may utilize short symbols.
Proposal 2： Adopt multi-level CSI-RS design in NR
Proposal 3：CSI-RS/SRS is considered to be multiplexed with Data/Control channel in the time domain and utilize short symbols for the support of RF analog beamforming
DMRS
In LTE, DMRS is embedded in the data and is transmitted and spread in the subframe, which may slow down the demodulation of UE. Therefore, control and data related DMRS should be arranged in front of data for delay sensitive services. 

Separate ports should be assigned for reference to support the transmission of both control and data are to be transmitted using MIMO. For certain scenarios, how to use the reference ports to boost efficiency could be studied. 

The scaleable DMRS port allocation in LTE should also be adopted in NR. Since the configuration of DMRS density is not flexible enough in LTE, multi-level DMRS may be introduced in NR. The first level DMRS is always transmitted with low density for coarse estimation while DMRS in the other levels can utilize higher density according to the application scenario.
Proposal 4： Support multi-level DMRS design in NR
In LTE, baseband precoding is the main consideration, which is made transparent to the receiver in DMRS based data demodulation process. NR needs to incorporate RF beamforming in the framework, in which the receiving weights are pre-set. In this case, the flexibility of transmission precoding may be constrained. To tackle this problem, the multi-shot DMRS structure illustrated in Fig. 1 can be adopted. This multi-shot DMRS structure enables the receiving side to try multiple receiving matrixes and these matrixes can be selected from a predefined set and adjusted according to certain rules. In this way, the transmitting side has the flexibility to adjust the precoding matrixes without notifying the receiving side explicitly, and the number of feasible   precoding matrixes for adjustment is determined by the number of RS symbols.
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                                                 Figure 1 multi-shot DMRS
Proposal 5： Support multi-shot DMRS design in NR
3. Conclusion

In this contribution, we show our consideration on reference signal design for NR.  With our analysis and discussion, we have the following proposals:
Proposal 1： Strive for the same or similar design for downlink reference signals and uplink reference signals in NR
Proposal 2： Adopt multi-level CSI-RS design in NR
Proposal 3： CSI-RS/SRS is considered to be multiplexed with Data/Control channel in the time domain and utilize short symbols for the support of RF analog beamforming
Proposal 4： Support multi-level DMRS design in NR
Proposal 5： Support multi-shot DMRS design in NR
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