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Introduction
In RAN1 #86bis meeting, there are some agreements on RS types and functionality as follows [1]:
· At least the following RSs are supported for NR downlink

· CSI-RS: Reference signal with main functionalities of CSI acquisition, beam management

· FFS: RRM measurement 

· DM-RS: Reference signal with main functionalities of data and control demodulation

· FFS: channel state information estimation and interference estimation

· FFS: beam management

· Reference signal for phase tracking

· FFS: Whether DM-RS extension can be applied or not

· FFS whether new RS or RS for other functionalities can be used

· Reference signal for time/freq. tracking

· FFS whether new RS or RS for other functionalities can be used

· Reference signal for Radio link monitoring

· FFS whether new RS or RS for other functionalities can be used

· RS for RRM measurement

· FFS whether new RS or RS for other functionalities can be used

· At least the following RSs are supported for NR uplink
· SRS: Reference signal with main functionalities of CSI acquisition, beam management
· FFS: RRM measurement
· DM-RS: Reference signal with main functionalities of data and control demodulation
· FFS: beam management
· Reference signal for phase tracking
· FFS: Whether DM-RS extension can be applied or not
· FFS whether new RS or RS for other functionalities can be used
· FFS: Reference signal for RRM measurement
· FFS whether new RS or RS for other functionalities can be used
In this contribution we analyze the functionalities of reference signal and associated reference types and present our views about supported reference types.
2
Discussion RS Design Framework for NR     
In previous RAN1 #86bis meeting, it was agreed that the functionalities of different UL/DL reference signal (RS) types, existing and/or new ones, will be studied further in the framework of NR. Based on these agreements, NR reference signal design for both UL and DL needs to provide a support for multiple different functionalities, e.g. CSI acquisition, beam management, RRM measurements, data/control demodulation, phase tracking, time/frequency tracking and radio link monitoring.  
To enable flexible and implementation friendly framework for RS design in NR, the design should target to utilize commonalities between UL/DL reference signals as much as possible. Especially, in the context of dynamic TDD, this can be seen as a highly important design target to enable native support for a flexible interference coordination and estimation between UL and DL links [2]. Therefore, it is reasonable for all UL and DL reference signal types to leverage same reference signal sequence type and initialize corresponding sequences generators with same seed value within a cell.    
Observation 1: To enable flexible interference coordination and estimation between UL and DL links in NR system, it is beneficial to exploit same reference signal sequence type and initialize corresponding sequences generators with same seed value within a cell. 

Proposal 1: For all UL and DL reference signal types, exploit same reference signal sequence type and initialize corresponding sequences generators with same seeds value within a cell. 

3
DL reference signals    
The fundamental functionality of RS is used for demodulation, including data channel and control channel. Demodulation reference signal (DMRS) is one basic feature for wireless communication system. When the link adaptation and scheduling is needed, channel state information and interference information become necessary, therefore, NZP-CSI-RS and ZP-CSI-RS for the purpose of CSI acquisition are also required to support. When multiple antenna technology is used, beamforming is deemed as one important technique to enhance system performance. In this context, beamformed CSI-RS should be used for beam management and beam based CSI acquisition.   
In LTE system, cell specific RS is taking CSI acquisition, demodulation, time and frequency tracking and RRM measurement, but for new radio system we have agreed to minimize the footprint of always-on RS, hence we would require one reference signal to carry those functionalities. In order to avoid new reference signal introduction to increase system operation complexity, CSI-RS can be assumed as performing RRM measurement and time/frequency tracking. It should be noted that in LTE Rel-12 CSI-RS based RRM measurement has been supported for small cell discovery, in this sense, in new radio interface, using CSI-RS for RRM measurement is natural. Different from LTE system, one CSI-RS port can be mapped to one directional beam in NR. For time and frequency tracking, in order to guarantee sufficient performance, necessary density of CSI-RS should be configured, at least keeping same performance as LTE CRS. It is also useful for quasi-colocation, because in quasi-colocation, one reliable reference signal for channel measurement and time/frequency tracking is needed anyway. 
Regarding the DMRS, there are two new functionalities being currently discussed, one is CSI acquisition, another is beam management. For CSI acquisition, CSI-RS should take the fundamental role by default. If utilizing the DMRS for CSI acquisition, typically, one method is using DMRS accompanied with PDSCH transmission, and another method is using dedicated scheduling DMRS. For the first method, DMRS allocation is limited by PDSCH, so the next TTI scheduling could be using different sub-band, and then it makes CSI acquisition of DMRS less effective. This method could be see also as an enhanced CSI provider. For the second method, this dedicated scheduling is one pre-scheduling solution, then the first drawback is putting the restriction for the alignment of pre-scheduling resource and real scheduling resource. Moreover, it also increases the overhead and has scheduling latency issue. Nevertheless, using DMRS for interference measurement has some potentials. One way is using interference measurement resources to match the DMRS resource of one dominant interference user, in this case, the interference measurement is accurate due to real precoding of interfering user or interfering cell. In this sense, using this extending interference measurement resource associated with DMRS could be meaningful, serving as one enhancement of legacy zero-power CSI-RS. For DMRS utilization in beam management, its necessity is not clear since DL signal for beam management is sufficient. On the other hand, DL DMRS has its pattern and bandwidth limitation, so it can’t be one important tool for beam acquisition. Even if used for beam selection, it should be assumed as UE implementation behavior, no need to additional standardization.         
Proposal 2:  Study the possibility of CSI-RS to carry the functionalities of RRM measurement and time/frequency tracking, in addition to CSI acquisition and beam management in connected mode. 
Proposal 3:  Support DM-RS mainly used for data channel and control channel demodulation. 
Proposal 4: 
Consider DMRS as a way to provide enhanced CSI acquisition.
In case of phase tracking, it is quite critical in high frequency band communication system. Due to inherent impairment of hardware, phase shifting is unavoidable and considerable, so necessary adjustment and suppression of phase variation is needed. In order to take this functionality, one new reference signal, called phase tracking reference signal (PTRS), should be introduced [3]. Typically, RS located in consecutive multiple symbols should be used for estimating and tracking phase rotation coming from oscillator phase noise and  residual frequency offset. Since this kind of reference signal is UE specific, it is quite like as DMRS. Due to precoding transparence, PTRS can be assumed as one extension of DMRS, but with different pattern. Of course, this reference signal can be configured according to the transmit parameters (e.g. MCS, Doppler frequency etc), so it will not be one burden of system overhead in low frequency system. .
Proposal 5:  Support DL PTRS for phase tracking, which can be one special DMRS with different pattern.   

For radio link monitoring, if referring to LTE system, CRS is one baseline reference for link quality measurement, however, in real application, PDCCH and PDSCH detection is also useful for link failure decision. Moreover, DL synchronization signal and PBCH is also one reference for link quality. In this sense, for new radio system, the reference signal for radio link monitoring doesn’t need special design, and reusing other functionality RS is one possible option. One candidate is CSI-RS, since CSI-RS can be served as RRM measurement. If considering the initial access stage, there are possible including synchronization signal and beam specific reference signal, and then the radio link monitoring can be also relying on this beam specific reference signals.

Proposal 6:  Reuse the other functionality RS to support radio link monitoring.   
4
UL reference signal       
For the UL reference, similarly, demodulation and CSI acquisition functionalities should be supported. Hence, UL DMRS and SRS should be supported. When for beamforming usage, SRS based beam tracking and selection is easily implemented, naturally utilizing SRS for UL beam management should be supported. In channel reciprocity case, utilizing SRS for beam management and CSI acquisition is beneficial for DL usage. When talking about DMRS for beam management, some drawbacks should be taken into account, one is DMRS pattern limitation, and another is its bandwidth assignment. Therefore, using SRS for beam management is a natural choice. Though DMRS can be used for beam estimation, it should be taken as one base station implementation behavior, no need to standardize it.
In case of phase tracking in UL, similarly with DL, one new reference signal should be considered. Actually considering its similarity with UL DMRS, obviously UL PTRS can be assumed as one special DMRS.

For RRM measurement, DL measurement should be taken as fundamental role, since UE association with one cell or one TRP should be based on DL measurement with first priority. If need to support UL based mobility, PRACH signal can be serving as one main tool. Then UL regular RRM measurement becomes less necessary. However, if considering occasional event triggering, UL SRS can be utilized as UL RRM measurement by on demand. 

Proposal 7:  Support SRS for UL beam management, no need to standardize DMRS for UL beam acquisition.  
Proposal 8:  Support UL PTRS for phase tracking

Proposal 9:  Consider to support SRS to perform UL RRM measurement in connected mode on demand.
5
Conclusion
In this contribution, we discuss the functionality of different RS and give our general views for RS design and supporting in 5G new radio interface:

Proposal 1: For all UL and DL reference signal types, exploit same reference signal sequence type and initialize corresponding sequences generators with same seeds value within a cell. 

Proposal 2:  Study the possibility of CSI-RS to carry the functionalities of RRM measurement and time/frequency tracking, in addition to CSI acquisition and beam management in connected mode. 
Proposal 3:  Support DM-RS mainly used for data channel and control channel demodulation 

Proposal 4: 
Consider DMRS as a way to provide enhanced CSI acquisition.
Proposal 5:  Support DL PTRS for phase tracking, which can be one special DMRS with different pattern.  

Proposal 6:  Reuse the other functionality RS to support radio link monitoring.   
Proposal 7:  Support SRS for UL beam management, no need to standardize DMRS for UL beam acquisition.  
Proposal 8:  Support UL PTRS for phase tracking  
Proposal 9:  Consider to support SRS to perform UL RRM measurement in connected mode on demand.
6
Reference

[1] RAN1 #86bis meeting chairman notes. 
[2] R1-1612857, “On DMRS structure for NR”, Nokia, Alcatel-Lucent Shanghai Bell
[3] R1-1612860, “On PCRS design for NR”, Nokia, Alcatel-Lucent Shanghai Bell
