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1 Introduction

At RAN1#86 meeting [1], it was agreed that:
For RRM measurement in NR, DL measurement is supported at least for idle mode UE with the consideration on
· Both single-beam based operation and multi-beam operation 
FFS: Definition of RRM measurement for multi-beam based operation
FFS: DL signal for RRM measurement in idle mode
At RAN1#84b meeting [2], it was agreed that: 

· Phase 1 and later phases of NR should be designed with the following principles to ensure forward compatibility and compatibility of different features:

· Strive for

· Maximizing the amount of time and freq. resources that can be flexibly utilized or that can be left blanked without causing backward compatibility issues in the future 

· Blank resources can be used for future use

· Minimizing transmission of always-on signals

· Confining signals and channels for physical layer functionalities (signals, channels, signaling) within a configurable/allocable time/freq. resource

At RAN1#85 meeting [3], it was agreed that: 

· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs

· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported

· FDM and/or TDM multiplexing can be considered

Also, an LS [4] was agreed in RAN#72:  

“Within the scope of the NR Study, NB-IoT and eMTC should be used as the reference benchmark for assessing the performance of new proposals according to mMTC use case.”
In this contribution, we discuss the RS design for DL RRM measurements for both the inter-cell mobility and intra-cell TRP/beam management.  A companion paper on RS for CSI acquisition is submitted in [5] while the RS design considerations for the UL are given in [6]. 

2 Discussion 
Two main RRM functionalities supported by DL based measurement are: 

· RRM measurement of cell-specific RS with periodic transmission to support NR cell HO/reselection

· RRM measurement of UE (group)-specific RS with dynamic transmission to support both intra-TRP and inter-TRP beam management (i.e. beam switching/tracking, beam refinement, and etc.)
With UE-specific RS potentially operating on a smaller and flexible time scale and cell-specific RS on a larger and fixed/semi-static time scale, naturally two categories of RSs are needed to support the two RRM functionalities listed above.
Proposal 1: Design two categories of RS to support cell-specific and UE (group)-specific DL RRM measurement.
2.1 Cell-specific RS 

The cell-specific RRM measurement is similar to LTE CRS based RRM measurements to support mobility. CRS transmission is always-on regardless the presence and absence of data transmission except for the case with cell on/off and LAA. In NR RS design, reducing the common channel overhead such as reducing the CRS always-on transmission enable both reduced interference as well as improvement of  operational flexibility. In replacement of the CRS, some possible options can be evaluated are: 

· RRM based on SS
Synchronization signal carries the cell identification information and is transmitted periodically. SS signal can be viewed as always-on signal with long periodicity and sparse time density. Thus UE could rely on the SS signal to perform RRM measurement. Further evaluation is needed to determine if SS based RRM measurement could meet the mobility requirement due to its low density in both time and frequency domain. The SS can be enhanced with increased density or with orthogonal resources in the case of insufficient for supporting targeted mobility. 
Since SS can also be considered as an always-on signal with no/limited configurability, increased density implies additional overhead. The overhead increase is more severe in high frequency band where SS is transmitted in multiple beam directions. So the readily availability of SS and the potential overhead increase need to be considered together. 
· RRM based on DRS
DRS consists the transmission of SS and CRS (note: CSI-RS is optional). The performance of DRS based measurement had been evaluated in small cell enhancement work item and considered sufficient. While NR SS and DRS may have different sub-carrier spacing and numerologies different from LTE designs, their measurement performance need to be reconfirmed. Since DRS transmission is configurable in terms of on/off and periodicity, DRS based RRM measurement could potentially support inter cell and inter TRP measurement efficiently.  

Proposal 2: Evaluate the performance and determine the feasibility of RRM measurement based on NR SS and NR DRS. 
According to the agreements at RAN1#85 meeting [3], forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs. To ensure forward compatibility, it might as well provide the blank resource used for future use such as mMTC services. The legacy LTE has wideband transmissions such as CRS in every PRB, which introduces unnecessary overhead to in-band deployed system such as NB-IoT. Therefore, it is beneficial to design the RS for RRM measurement with minimized collision on future services in NR.
Proposal 3: NR RS design for RRM measurement should strive for minimizing collision with future services.
2.2 UE (group)-specific RS 

In high frequency band and for inter-TRP or intra-TRP measurement, UE typically needs to measure the RSRP/RSRQ on different beams. The network may sweep the transmit beam directions and UE performs measurement and reports the measurement results. Based on the feedback, network performs transmit beam refinement or switching transmit beam with better link quality. Since the RSRP/RSRQ measurement at this stage is specific to the UE, this type of RRM measurement can be considered as UE-specific.
Reducing the measurement feedback delay is beneficial for system operation, e.g. fast link reestablishment under blockage. Hence, the RS for measurement can be placed at the starting OFDM symbols to facilitate possible feedback at the next earliest UL transmission. In the same, RS placed at a later part of a slot can improve the timeliness of measurement results (i.e., less outdated) and should be supported as well. 
Analog beamforming operates in the time domain resulting in wideband beamforming in frequency domain. The analog measurement beam for one UE may not be useful for data transmission or beam measurement for other UE. While the signal for analog beam measurement is not necessarily wideband, narrow band measurement for analog beam may be sufficient. Thus the transmission of analog measurement beam could be confined within certain frequency range to facilitate the FDMed transmission of data or signal of other UE.
To cover UEs with fast-changing channel conditions, e.g. high mobility, with rotation, NR should be able to trigger beam measurement in a fine time-domain granularity. Supposedly, the beam measurement can be triggered by network and initiated by UE. To support dynamic triggering, fast triggering mechanism, e.g. through DCI, could be considered.

In LTE, CSI-RS based RRM measurement had been studied in small cell enhancement work item and its performance was determined as sufficient. LTE CSI-RS transmission is configurable and zero-power CSI-RS can be applied to boost the detection and measurement performance. Hence, CSI-RS is potentially a suitable candidate for RRM measurement. Under the new framework of NR design, the feasibility of CSI-RS based RRM measurement should be re-evaluated and re-confirmed.
The UE-specific RS design for RRM measurement could leverage LTE existing signal design, e.g. for CSI-RS, with additional ports, mapping and configurations.  

Proposal 4: The design of UE-specific RS adapted from LTE CSI-RS should be studied further with additional considerations on triggering mechanisms, wide-band and narrow-band configurations, etc.
3 Conclusion
In this contribution we discussed the RS design for DL-based RRM measurements for both inter-cell mobility and intra-cell TRP/beam management. The following are proposed:
Proposal 1: Design two categories of RS to support cell-specific and UE (group)-specific DL RRM measurement.
Proposal 2: Evaluate the performance and determine the feasibility of RRM measurement based on NR SS and NR DRS. 
Proposal 3: NR RS design for RRM measurement should strive for minimizing collision with future services.
Proposal 4: The design of UE-specific RS adapted from LTE CSI-RS should be studied further with additional considerations on triggering mechanisms, wide-band and narrow-band configurations, etc.
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