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1 Introduction
At RAN #71 meeting, a new Study Item “Study on Scenarios and Requirements for Next Generation Access Technologies” was approved for next generation radio technology [1]. It is expected that new radio interface could provide 3~5 times cell spectrum efficiency of LTE. Massive MIMO is anticipated to be a main contributor to achieve such aggressive performance target.

In this contribution, some considerations on reference signal design especially considering massive MIMO in new radio interface are present.
2 Discussion
2.1 Principles in RS design of new radio interface
· Minimize the use of cell-specific reference signal

This principle is based on two considerations: 1. Strive to reduce inter-cell interference and improve spectrum efficiency; 2. Strive to lower network energy consumption and improve energy efficiency. 
Cell-specific reference signals (e.g. CRSs in LTE) are transmitted on certain resources in every PRB and every downlink subframe independent of the actual system load. On the one hand, the cell-specific reference signals cause interference to neighbour cells even when no data is transmitted, and this limits the spectrum efficiency. On the other hand, most of the time the transmission circuitry at base stations has to stay active, and this limits the potential to improve the network energy efficiency. 
In addition, in RAN1 #84bis, it was agreed that Phase 1 and later phases of NR should be designed to strive for minimizing transmission of always-on signals and confining signals and channels for physical layer functionalities (signals, channels, signaling) within a configurable/allocable time/freq. resource [2]. 
2.2 Downlink reference signals 
The functionalities of downlink reference signals in a mobile communication system include coarse and fine timing/frequency synchronization, cell identity detection, TDD/FDD differentiation, CSI measurement, demodulation, and RRM measurement. Additionally, CP length detection would also be needed since it has been agreed that waveform of NR is based on OFDM in RAN1#84bis meeting. Figure 1 shows the basic downlink reference signals and their functionalities in LTE, and some considerations on downlink reference signals of NR.
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Figure 1 Downlink reference signals
In LTE, PSS/SSS is used for timing/frequency synchronization, cell identity detection, TDD/FDD differentiation and CP length detection, and it is only transmitted on the central bandwidth (the minimum system bandwidth). In general, this works well in LTE system. For NR, these functionalities can also be realized based on NR synchronization signals (NR_SS). However, it needs more investigate that whether NR SS occupies only the minimum system bandwidth, which is analogous to LTE, or other bandwidth can also be occupied to facilitate the synchronization procedure. In addition, considering that the coverage of downlink data channel of NR would be greatly improved by massive MIMO, which would be an essential technique component of NR, some solutions should also be tried to improve the coverage performance of NR_SS, e.g., beamformed NR_SS.
CRS is firstly designed for CSI measurement, demodulation, RRM measurement and fine timing / frequency synchronization since LTE Rel-8. Then, CSI-RS and DMRS are respectively introduced since Rel-10, considering that different reference signal densities are required for CSI measurement and demodulation. Following the design principle listed in section 2.1, it is better to avoid using cell-specific signals in NR. So for CSI measurement and demodulation in NR, NR_CSI-RS and NR_DMRS could also be designed. Meanwhile, NR_SS and NR_CSI-RS could be configured to to help to do RRM measurement, e.g., NR_CSI-RS could be configured to be asynchronous and with increased density, and NR_CSI-RS and NR_DMRS could be utilized to assist fine timing / frequency synchronization, or maybe new reference signal could be designed for RRM measurement or fine timing / frequency synchronization.
Proposal 1: NR_SS, NR_CSI-RS and NR_DMRS should be considered for downlink reference signals of NR.
· CSI-RS operation in NR
A two-stage CSI feedback framework was proposed in (e)FD-MIMO of LTE R13/R14, which based on hybrid CSI-RS types (e.g., hybrid non-precoded CSI-RS and beamformed CSI-RS, hybrid cell-specific beamformed CSI-RS and UE-specific beamformed CSI-RS).  For new radio interface, it is likely that both low frequency and high frequency would be supported. For massive MIMO in high frequency, hybrid digital beamforming and analog beamforming might be a feasible solution to provide a tradeoff between system performance and cost and power consumption. In our opinion, the two-stage CSI feedback framework could also be extended to support massive MIMO in NR as illustrated in figure 2. For massive MIMO with full digital beamforming, similar to (e)FD-MIMO of LTE R13/R14, hybrid non-precoded and beamformed CSI-RS or hybrid cell-specific and UE-specific beamformed CSI-RS could be used. For massive MIMO with hybrid digital and analog beamforming, a kind of cell-specific CSI-RS might be designed to support analog beam selection in the first stage to derive the long-term channel direction information, and UE-specific beamformed CSI-RS could be used in the second stage to derive the short-term channel information.
Proposal 2: A two-stage CSI feedback and corresponding CSI-RS design could be considered in NR.
[image: image2.emf]______________________________________

___________________________

____________________________

________________________

L g R g g R S

___________________________________________

f UE-specific BF CSI-RS
Stagei 2 -
1

Short term CSI feed back

N e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

~ e e o o e -









BS  UE 

Data 

Short term CSI feed back 

UE-specific BF CSI-RS  

Long term CSI feedback 

Full digital 

NP CSI-RS / Cell-specific BF CSI-RS 

Stage 1 

Stage 2 

Analog beam selection feedback 

Hybrid analog/digital 

CSI-RS for analog beam selection 

UL NR_SRS transmission 

Full digital or Hybrid analog/digital 

 
Figure 2: Two-stage CSI feedback framework for NR
2.3 Uplink reference signals
Uplink reference signals of LTE include DMRS and SRS. The functionalities of these reference signals are illustrated in figure 3. In our opinion, similar uplink reference signals could also be adopted in new radio interface, e.g., NR_SRS and NR_DMRS. However, the design of NR_SRS should try to improve its capacity to ensure the accuracy of channel reciprocity in TDD system, especially considering that massive MIMO in NR could support high order multiuser multiplexing, which needs enough SRS capacity. 
Proposal 3: NR_SRS and NR_DMRS, whose functionalities are analogous to SRS and DMRS in LTE, could be considered for uplink reference signals of NR. 
Proposal 4: The design of NR_SRS should try to improve its capacity to ensure the accuracy of channel reciprocity in TDD system.
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Figure 3 Uplink reference signals
3 Conclusion

In this contribution, some considerations on reference signal design in new radio interface are provided. It is proposed that:
Proposal 1: At least NR_SS, NR_CSI-RS and NR_DMRS should be considered for downlink reference signals of NR.
Proposal 2: A two-stage CSI feedback and corresponding CSI-RS design could be considered in NR

Proposal 3: NR_SRS and NR_DMRS, whose functionalities are analogous to SRS and DMRS in LTE, could be considered for uplink reference signals of NR. 
Proposal 4: The design of NR_SRS should try to improve its capacity to ensure the accuracy of channel reciprocity in TDD system.
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