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1 Introduction
A Study Item to develop an NR access technology enabling a broad range of usage scenarios including enhanced mobile broadband (eMBB), massive MTC (mMTC) and ultra-reliable and low latency communication (URLLC) has been approved in [1].

Some of the KPIs of NR are listed in [2] and include:
· Throughput, including target peak data rate of 20Gbps for DL and 10Gbps for UL;
· Spectral efficiency, including target peak spectral efficiency of 30bps/Hz for DL and 15bps/Hz for UL;
· Mobility interruption time, with a target of 0ms for intra-system mobility;
· Network energy efficiency.
These KPIs have a strong dependency on functionalities supported by reference signals (RS) and/or on aspects related to the transmission of RS. This contribution discusses some principles for reference signal (RS) design in NR that should applied to achieve the goals of the above KPIs.
2 RS framework in LTE

A reference signal is a signal of known content, occupying predefined (fixed or configurable) resource elements over specific antenna ports, that may be used to support one or more functions. The following functions are supported by the presence of RS in LTE:
Cell detection and synchronization: This includes frame and subframe synchronization and is supported by PSS/SSS and either CRS or DRS.
Demodulation of data and control channels: This requires channel estimation including fine timing and frequency synchronization, delay spread, Doppler spread, Doppler shift, average gain and average delay. In the downlink, it is supported by CRS only in certain transmission modes, or a combination of DL DM-RS and CRS or CSI-RS in other transmission modes. In the uplink, it is supported by UL DM-RS.
Channel state information reporting: This is supported by CRS, or CSI-RS and/or CSI-IM depending on the transmission mode.

Uplink sounding: This is supported by SRS.

Measurements (for RRM reporting and path loss estimation): This is supported by CRS or DRS (for RRM).
Radio link monitoring: This is supported by CRS.

Positioning: This is supported by PRS.

From the above summary it is apparent that CRS in particular (cell-specific RS) is used in many functions. A LTE UE expects CRS to be transmitted in all subframes and over the whole bandwidth of an activated carrier, except in portions of MBSFN subframes (configured from system information). Enhancements introduced from R10 allowed some reduction of CRS transmissions with higher number of antennas (by extending DL DM-RS and introducing CSI-RS) and for cells with no traffic that do not need to be used for initial access (by introducing DRS for measurements). However, typically CRS still needs to be transmitted over 2 antenna ports on the majority of subframes for a given cell, even when no UE is being scheduled in a subframe. This results in the following limitations:
· Unnecessary interference is generated to UE’s served by neighboring cells, limiting the achievable spectrum efficiency and peak throughput;
· Unnecessary energy is consumed by network equipment;
· Lack of flexibility complicating introduction of new features (forward compatibility).
Other RSs such as CSI-RS and DRS are also transmitted regularly although they typically do not generate as much interference as CRS in typical LTE scenarios due to their lower periodicities. The overhead generated from PRS is even lower. However, the potential overhead of CSI-RS and CSI-IM may still be limiting in some scenarios; for example, it may effectively limit the number of transmission points that can serve a UE in a CoMP deployment.
3 Proposed design targets
In our view the basic requirements of an RS framework for NR can be summarized as follows:
Forward compatibility: Since the design of RS impacts a lot of fundamental physical layer functionalities, it is important that a proper forward compatible framework be put in place already from the first phase of NR to ensure smooth introduction of new features in future releases.
Minimum overhead: The RS framework should also strive to minimize overhead and interference. In particular, any transmission of RS should be useful for at least one UE as opposed to being blindly transmitted over all resources.

Scalability: The RS framework should be compatible with evolutions such as ultra densification and massive MIMO and the usage scenarios defined for NR (eMBB, eMTC, URLLC).
To achieve these basic requirements, the following design targets are proposed:
No always-on RS: A first design target is that no periodic and frequent broadcasting of transmission point-specific RS should be required for functionalities such as mobility, radio link monitoring, link adaptation or frequency/time tracking. This design target primarily addresses the requirement of minimum overhead, since transmission points would be able to be (almost) completely turned off in absence of active UE’s. It also facilitates forward compatibility and operation in unlicensed bands. The implication is that measurement-based mechanisms used to support these functionalities will of course need to be modified compared to LTE. Such mechanisms may involve, for example, triggering transmission of RS from the UE for mobility purposes.
Flexible resources for RS: A second design target is that it should be possible to have flexibility in terms of resources used for the transmission of RS. This flexibility should apply to the frequency domain (e.g. possibility of transmitting RS over a portion of the bandwidth) and the time domain (e.g. less rigid timing relationship between RS used for data demodulation and the data itself). This design target addresses the requirement of minimum overhead and adaptation to the needs of multiple services and deployment scenario. For example, URLLC may require more precise channel estimation and this may affect the required density of RS. On the other hand, stationary UEs may be able to operate with demodulation of multiple TTIs based on the same RS. In another example, a UE may be best served by CoMP among a large set of transmission points, each possibly using massive MIMO. Flexible transmission of RS can enable the UE to provide feedback with reduced RS pollution, to optimize the CoMP performance. This design target can be enabled by techniques such as dynamic request and indication of a resource for RS.
Flexible purpose of RS: Related to the previous design target, it should be possible for a UE to use a RS for more than one purpose or functionality without a rigid association between the resource or type of this RS and its purpose. For example, a UE could be configured to use a certain RS for both demodulation and CSI reporting. The UE could also be configured to measure a certain RS and subsequently assume that this RS corresponds to a desired signal or an interferer based on a CSI request from the network. For demodulation, the UE could be indicated for a given RS instance to which set of other RS instances the same channel (or precoder) can be assumed. The foreseen benefits of such flexibility are the minimization of overhead and the scalability when the number of transmission points and antennas increases. This design target can be enabled by signaling associated to the transmission of RS (or of a related CSI report) indicating the appropriate information on the purpose.
4 Conclusion

In this contribution we provided our view of basic requirements and associated design targets for the reference signal framework in NR. More specifically, the following design targets are proposed:
· No always-on RS: No periodic and frequent broadcasting of transmission-point-specific RS is required for functionalities such as mobility, radio link monitoring, link adaptation, or frequency/time tracking;
· Flexible resources for RS: Possibility of dynamically configuring resources used for a RS;
· Flexible purpose of RS: Possibility of dynamically configuring purpose associated to a RS;
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