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1 Introduction
The Study Item [1] to develop an NR access technology includes a broad range of usage scenarios including enhanced mobile broadband (eMBB), massive MTC (mMTC) and ultra-reliable and low latency communication (URLLC.)  Throughput, spectral efficiency, mobility Interruption time and network energy efficiency are important KPIs of NR [2].  

In this contribution we discuss on reference signal (RS) design in NR.  It is proposed to configure reference signal base on different use cases consider interference and forward compatibility issue.
2 Discussion
There are different use cases (eMBB, mMTC, uRLLC) and scenarios (indoor hotspot, dense urban, rural, urban, high speed) in NR design.  Also different carrier frequencies for different scenarios are also discussed.  Consider variant applications and deployment scenarios, it is reasonable to multiplex multiple services on the same frequency band for better spectrum utilization.  Figure 1 shows an example of multiplexing multiple services on the same frequency band.  The resource mapping for a service in one frequency band may be dynamically changed in time and frequency domain.
Observation 1: Multiplexing multiple services on the same frequency band can provide better spectrum utilization. 
The design of RS impacts a lot of fundamental physical layer functionalities.  The presence of RS in LTE support functions such as cell detection, frame synchronization, demodulation, RRM measurements, channel state information reporting, radio link monitoring, uplink sounding and positioning.  Consider multiplexing multiple services on the same frequency band, the corresponding RS design should be studied.
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Figure 1: Example of multiplexing multiple services on the same frequency band
In 3G/4G system, periodic signals play an important role in improving spectral efficiency, robustness and UE battery consumption.  For example, LTE UE acquires continuous CRS, which may be transmitted in all subframes and over the whole bandwidth of an activated carrier, to perform time/frequency averaging process.  
However, consider the small cell deployment scenario in NR where cells are close to each other, the continuous reference signal transmission may create interference to proximal cells and degrade the system performance.  If we can configure reference signal base on different use cases, the transmission of whole bandwidth reference signal can be reduced and the interference issue can be alleviated.
Observation 2: Configure reference signal base on different use cases in NR can provide benefit of interference reduction.
In 3G/4G system other RSs, such as CSI-RS and DRS, are also transmitted but typically generate less interference as CRS due to their lower periodicities.  However, consider different scenarios in NR, the demand of RS transmission density may also be different.  For example, the periodicity of RS can be different for low mobility and high mobility services.  Also the out-of-date channel state is not useful in uRLLC scenario.  In our understanding, an mMTC-capable UE is not necessary to be an eMBB-capable UE consider hardware complexity and use cases.  Therefore the periodicity of RS can be configured based on different scenarios such as eMBB, mMTC or uRLLC. 
Observation 3:  Design RS based on scenario will cause no significant impact to UE complexity since there is no requirement an UE should be capable to access all kind of services.
In addition to interference reduction, another benefit of configuring reference signal base on different use cases is the design flexibility.  Consider the resource mapping for a service in one frequency band may be dynamically changed, the resource for RS can also configured accordingly and forward compatibility then hence achieved.
Observation 4: Configure reference signal base on different use cases in NR can provide benefit of forward compatibility.           
3 Conclusion
In this contribution we discuss on reference signal (RS) design in NR considering interference and forward compatibility issue.  The following observations are made in the discussion:

Observation 1: Multiplexing multiple services on the same frequency band can provide better spectrum utilization. 
Observation 2: Configure reference signal base on different use cases in NR can provide benefit of interference reduction.

Observation 3:  Design RS based on scenario will cause no significant impact to UE complexity since there is no requirement an UE should be capable to access all kind of services.

Observation 4: Configure reference signal base on different use cases in NR can provide benefit of forward compatibility.

Based on the observations it is conclude that to configure different reference signal for different use cases may provide benefit in interference reduction and provide flexibility in forward compatibility.   Therefore we propose:
Proposal:  It is proposed to configure reference signal base on different use cases.   
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