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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, enhance robustness or boost throughput.  We believe that it will continue to be one of the essential features for new RAT. Measurement related reference signal impacts the accuracy of large-scale properties, RSRP and CSI measurement, which is critical to a massive MIMO system. In this contribution, we show our views on measurement related reference signal design for NR MIMO.
2. Discussion
2.1  RS for large-scale channel properties measurement

For channel estimation and demodulation，it will be helpful to improve the performance if some large-scale properties (e.g delay spread, Doppler spread, Doppler shift, and average delay) are known at UE.  These properties are usually measured by UE based on reference signal. In order to ensure the accuracy of measurement, sufficiently large density and RE numbers are required usually. For example, the measurement accuracy of Doppler shift and average delay depends on the frequency domain density and the time domain density, respectively. The measurement accuracy of Doppler spread and delay spread depends on the time domain RE numbers and frequency domain RE numbers, respectively. 
Observation: Measurement accuracy of large-scale properties depends on the density and total RE number of time domain and frequency domain.
In LTE, CRS can be used to measure channel properties. Since CRS has high density and large number of REs, accurate measurement results can be achieved. CSI-RS and DMRS can also be used to measure channel properties. However, due to the low density, CSI-RS and DMRS cannot achieve good measurement performance in the scenarios with large frequency offset, high speed movement or rich scatters. Moreover, if CSI-RS and DMRS cannot be used to measure the channel properties, the channel properties measured by CRS can be used to do channel estimation according to the configured QCL relationship. 
In NR, the measurement performance for the large-scale properties should be an important metric on RS design. Similarly as LTE, NR should at least support one type of RS with sufficient density to provide good measurement performance. Other types of RS can acquire the measurement results based on QCL or QCB [3]. In our earlier contribution [4], we propose to introduce a new type of RS named BRS to support the measurement of large-scale properties, the measurement of RSRP, demodulation of PBCH and demodulation of common control channel (if needed). The demodulation of UE specific control channel and data channel can be accomplished by other types of RS. In order to support multi-beam operation, BRS can also be employed to support beam measurement and selection. This type of RS can support beam-level property measurement and demodulation with good measurement performance and high RS efficiency. 
Proposal 1:
· The measurement performance for the large-scale properties should be an important metric on RS design
· NR should at least support BRS to measure large-scale properties.
Besides BRS, NR should also consider using CSI-RS or DMRS to measure partial channel properties with good performance. Then the QCL relationship is simpler with the expense of increasing RS overhead. Hence this approach needs to be further studied and evaluated. Compared with LTE, NR supports multiple types of numerology, higher carrier frequency and multi-beam operation. The impact of measurement accuracy for different large-scale properties should be re-evaluated. Then a reasonable RS density and RE number can be designed based on the measurement accuracy requirements. 
Proposal 2: Evaluate the measurement requirements of different large-scale properties and the corresponding impact on RS design.
2.2   RS for CSI measurement

CSI measurement can adopt multi-level design for higher efficiency [5]. For MIMO system mainly relies on baseband precoding for its gain, the first level reference resource can be designed for large area coverage and sent on wide frequency band with wide beams. The second level reference resource mainly considers farther directed coverage and is transmitted on narrow beams，For MIMO system mainly uses analog 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 analog beamforming and digital beamforming, the two aforementioned deigns can be combined. If the dimension of the antenna is high, more than 2 levels of CSI-RS 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.
Here we consider multi-levels for both single beam and multi-beam operation.

· For single-beam operation, non-precoded CSI-RS or cell specific beamformed CSI-RS can be the first level reference resource.  Second level reference resource can refer to UE-specific beamformed CSI-RS. 

· For multi-beam operation, BRS or a set of cell-specific beamformed CSI-RS can be used for the first level reference resource.  UE group/UE specific beamformed CSI-RS as the second level reference resource. 

In both cases, more levels can be obtained by using different virtualization to generate multiple levels of beamformed CSI-RS.  Beam refinement can be achieved by multi-levels.  

It can be studied to unify the pattern of CSI-RS and BRS so that it can be better reused/multiplexed/coordinated.  

CSI-RS can be considered mainly to be transmitted on-demand and aperiodically.  Configurable multi-shot can be considered to replace periodic configuration.  Aperiodic one-shot transmission can be used more flexibly especially for CSI refinement.  This ensures better forward compatibility and enables more flexible configuration especially 

Beamformed CSI-RS with K=1 and K>1 for LTE can be a starting point for NR CSI-RS.  Further enhancements should be considered for more flexible and dynamic configuration.  Non-precoded CSI-RS can be treated as a special case of beamformed CSI-RS.  
Proposal 3： 
· Adopt multi-level CSI-RS design in NR

· single/multi-beams operation share the same or similar CSI-RS design

· Considering the similar beamforming structure, Class B CSI reporting in LTE FD-MIMO can be a good reference for design of beam selection and refinement.
For systems with the need for RF beam selection, CSI-RS and data/control channel can be multiplexed in the time domain to avoid analog-beam sweep on data transmission. For better resource efficiency, CSI-RS may utilize short symbols.
Proposal 4：CSI-RS is considered to be multiplexed with Data/Control channel in the time domain and utilizes short symbols for the support of analog beamforming
DMRS can be used for CSI refinement. One simple example is to support DMRS-based CQI refinement so that the network can obtain the quality of the link rapidly.  In addition to CSI feedback, the network often uses HARQ feedback for MCS refinement.  As described in [5], Outer Loop Link Adaptation (OLLA) can be extended to the enhanced scheme called soft HARQ where HARQ ACK/NACK is jointly coded with CSI.  Soft HARQ feedback indicates how much room it has to increase the MCS or power when ACK is fed back.  Similarly, it indicates how much more power it needs to reach the target BLER when NACK is fed back.   The network then can determine the granted MCS based on CSI feedback and soft HARQ feedback.  
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Figure 1 Using multi-beams DMRS for CSI refinement
In addition to the CQI/MCS adjustment, DMRS can be used for beam refinement. Multi-beam transmission on DMRS for control or data channel can be also considered.  Control or data channel can be transmitted by combination of multi-beams.  Then DMRS can have two different ways of transmission.  First way is to transmit combination of multi-beams in one DMRS.  The second way is to have each beam transmitted on their own DMRS resource as illustrated in Figure 2.  Combination weights of multiple beams can be known by signalling which is used for demodulation.  Combination weights can be indicated as selection of beam(s) as well.  With this design, these DMRS resources can be then reused for CSI/beam refinement as well.  This can be useful to tackle the issue like blockage.  
Proposal 5：Study DMRS based CSI feedback including CQI adjustment and beam refinement.  Study soft HARQ scheme to jointly feed back HARQ and CSI.
3. Conclusion

In this contribution, we show our consideration on reference signal design for NR.  With our analysis and discussion, we have the following observation and proposals:
Observation: Measurement accuracy of large-scale properties depends on the density and total RE number of time domain and frequency domain.
Proposal 1:

· The measurement performance for the large-scale properties should be an important metric on RS design

· NR should at least support BRS to measure large-scale properties.
Proposal 2: Evaluate the measurement requirements of different large-scale properties and the corresponding impact on RS design.
Proposal 3： 
· Adopt multi-level CSI-RS design in NR；

· single/multi-beams operation share the same or similar CSI-RS design

· Considering the similar beamforming structure, Class B CSI reporting in LTE FD-MIMO can be a good reference for design of beam selection and refinement.
Proposal 4：CSI-RS is considered to be multiplexed with Data/Control channel in the time domain and utilizes short symbols for the support of analog beamforming

Proposal 5：Study DMRS based CSI feedback including CQI adjustment and beam refinement.  Study soft HARQ scheme to jointly feed back HARQ and CSI.
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