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1 Introduction
The study item on ‘New Radio’ (NR) Access Technology has been initiated by 3GPP to evaluate potential technologies targeted to enable future cellular network deployment scenarios and applications [1]. NR is expected to efficiently support a diverse set of uses cases including eMBB, URLLC, and mMTC as well as functionalities such as Integrated Access and Backhaul (IAB) and spectrum sharing, including coexistence with LTE. The introduction of Radio resource management (RRM) measurements for NR should ensure forward compatibility to avoid unnecessarily complex or restricted operation of different features/services when they are introduced. This document provides an overview of RRM measurement requirements for NR.
2 IDLE and CONNECTED mode RRM measurements for NR
In addition to initial access for cell discovery and connection establishment, measurements for radio resource management (RRM) and mobility are also a fundamental requirement for NR. NR may support multiple types of physical channel measurements for RRM, for example cell ID based measurements (e.g. RSRP/RSSI on a (virtual) cell-specific RS) or possibly also beam-based measurements (e.g. RSRP/RSSI on a beam-specific RS). The following sections discuss details of the requirements for RRM measurements and reports.
During the January 2017 RAN1 NR Adhoc meeting the following agreements were reached:
Agreements:
· The following always-on signals are used for RRM measurement for L3 mobility in IDLE mode:

· NR synchronization signal, or
· NR synchronization signal, and additional DM-RS for PBCH if DM-RS is supported for PBCH, or

· Note: How to use DM-RS for RRM measurement is up to UE implementation

· DM-RS for PBCH if DM-RS is supported for PBCH
· Note that down selection will be needed if DM-RS for PBCH is supported

· For CONNECTED mode RRM measurement for L3 mobility, the following RS can be used if needed, in addition to IDLE mode RS:

· FFS: CSI-RS,

· FFS: RS separately designed from CSI-RS

· Note that possibility of multiplexing of wideband RS in SS block is not precluded

Agreement:

· RSRP(s) can be measured from the IDLE mode RS. 

· One RSRP value is measured from the IDLE mode RS per SS block.

· FFS: UE measures one RSRP value from multiple SS blocks in an SS burst set

· The measured values are referred to “SS-block-RSRP”

· It is RAN1’s understanding that “SS-block-RSRP” may correspond to the “beam quality” in RAN2 agreements in multi-beam case, at least in IDLE mode.

· RSRP(s) can be measured from the additional RS for CONNECTED mobility if such additional RS are defined (note that this is not yet agreed in RAN1)
· FFS: How to derive RSRP value(s) utilizing the antenna ports and resource(s) of the RS

· FFS: Association of the measured qualities in CONNECTED mode to the “beam quality” in RAN2 agreement in CONNECTED mode

· Note: It is up to RAN2 how to derive cell-level quality from the measured value(s) for L3 mobility

Agreement: 

· The additional RS for mobility if defined can be transmitted on multiple beams.

Summary of next steps: 

· At least the following aspects need to be further studied for the additional RS for L3 mobility in CONNECTED mode

· To acquire synchronization for RSRP measurement, consider the following options until RAN1#88:

· Option 1: UE uses NR-SS

· Option 2: UE uses the additional RS

· Option 3: UE uses NR-SS and the additional RS

· Maximum number of antenna ports

· Configuration/derivation of mapping/configuration parameters (e.g., number of antenna ports, RE mapping, time locations (periodicity and offset), number of antenna ports, BW, scrambling, etc.)

· Option 1: Cell-specific

· Option 2: Non-UE-specific, e.g., beam-specific, or UE-group-specific 
· Option 3: UE-specific

· Option 4: Combinations of above

· Use of the RS for fine time/frequency tracking and estimation of QCL parameters

· The RS can be turned off.

· Association of time frequency resources with beam(s) if needed

· The RS can be used for PBCH demodulation

· Down-selection from MRS-1, MRS-2, MRS-3 and CSI-RS

Aim for downselection at RAN1#88. 

2.1 SS-Block RRM measurements
As noted in the above agreements, IDLE mode RRM measurements are only based on the signals defined within the SS-block (e.g. IDLE mode RS). This is sufficient to support neighbour cell measurements without the need for coordination of the measurement configuration. These signals are also used for obtaining cell-specific time/frequency synchronization as part of initial access procedures and a large periodicity for the IDLE mode RRM measurements may be acceptable to support network energy saving in low-mobility scenarios [2]. However more frequent transmissions of the NR SS blocks may be required to support ongoing tracking by CONNECTED mode UEs in case of higher mobility or to possibly support coarse beam management [3].  
During RAN1#87 meeting the following agreements were reached:
Agreements:
· NR should support adaptation and network indication of the valid time and frequency resources which may be used for inter-/intra-frequency RRM measurements and reports for ‘CONNECTED’ mode UEs

· FFS: UE-specific and/or cell-specific indication

· FFS: dynamic adaptation/configuration

· FFS: idle and possibly new state modesz
· FFS: whether to support aperiodic
It is up to RAN4 for determining requirements regarding the extent the UE can restrict its measurement to a subband of the configured bandwidth 
As a result, UE-specific configuration is beneficial to support both periodic and possibly “on-demand” RRM measurement and reporting. One use case is when network assistance for mobility can be provided (e.g. by LTE in the case of non-standalone operation) or to support link management between TRPs in the case of IAB support [4].  This functionality is similar to the Discovery Reference Signal (DRS) which has been supported by LTE since Rel-12. 
It seems straightforward to support the UE-specific configuration of the signals used for RRM measurements by the UEs that are in ‘CONNECTED’ state. However to what extent the same NR RRM measurement configuration would be applicable for UEs that are not in ‘CONNECTED’ state should be further studied along with requirements on initial access and other related synchronization and ‘IDLE’ or ‘INACTIVE’ state procedures. 

Proposal 1: NR should support UE-specific adaptation of the timing for SS-Block RRM measurements and reports.
2.2 Additional RS for CONNECTED mobility
A hybrid approach with both cell-specific and UE-specific configuration of signals supported for RRM measurement seems to provide benefits in terms of network flexibility to support different use cases. For example it should be possible that while ‘IDLE’ UEs RRM measurements are only based on cell-specific signals (e.g. NR SS), ‘CONNECTED’ UEs may additionally utilize both cell-specific and UE-specifically configured signals such as the ‘additional RS for mobility’ mentioned in the agreements from the RAN1 January NR adhoc meeting.

One question about the additional RS for mobility is whether the configuration is cell-specific, non-UE-specific (e.g. beam-specific), or UE-specific. Considering that one key use case for the additional RS is to support beam management procedures [3], the flexibility of the measurement configuration is important to support different deployment scenarios and levels of coordination in the network (e.g. number of beams, intra/inter-cell mobility etc.). Additionally, reuse of the RS for other purposes (e.g. CSI acquisition, support for multi-TRP transmission) is beneficial from an overhead and configuration complexity viewpoint. As a result, choosing CSI-RS as the candidate for the additional RS for CONNECTED mode mobility measurements is desirable, especially if the configuration is UE-specific.
Proposal 2: NR should support RRM measurements based on UE-specially configured CSI-RS for ‘CONNECTED’ mode UEs.
3 Conclusion
This contribution analyzed the requirements for NR RRM measurements. The following proposals were made:

Proposal 1: NR should support UE-specific adaptation of the timing for SS-Block RRM measurements and reports.
Proposal 2: NR should support RRM measurements based on UE-specially configured CSI-RS for ‘CONNECTED’ mode UEs.
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