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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 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. During RAN1#86bis meeting the following agreements were reached:
Agreements:
· Note: In this WF, IDLE mode refers to a UE state similar to LTE IDLE state, whose exact definition is up to RAN2
· Note: In this WF, CONNECTED mode refers to a UE state similar to LTE CONNECTED state, whose exact definition is up to RAN2
· Note: In this WF, cell refers to NR cell which is tied to a same ID carried by NR-SS.

· Detailed definition of NR cell FFS

· NR supports cell-level mobility based on DL cell-level measurement (e.g. RSRP for each cell) in IDLE mode UE
· Study the following DL signals for IDLE mode RRM measurement

· Option 1: Synchronization signal (e.g., NR-PSS, NR-SSS)

· Option 2: RS for demodulating broadcast channel

· Option 3: RS for mobility

· FFS if and how to associate the cell ID with this RS

· FFS this RS is for multi-beam and/or single-beam

· Option 4: Any combinations of above

· Other options are not precluded
· FFS: QCL definition for DL signal for IDLE mode RRM measurement
· FFS whether NR cell is defined only for “IDLE mode” or for both IDLE and CONNECTED mode

Agreements:
· For L3 mobility based on DL measurement in CONNECTED mode UE:

· At least non-UE-specific DL signals can be used for CONNECTED mode RRM measurement

· FFS UE-specific DL signals for this purpose
· Study the following DL signals for CONNECTED mode RRM measurement

· Option 1: Cell related RS which is carrying Cell-ID (e.g. NR-PSS, NR-SSS)

· Option 2: RS for mobility

· FFS how to associate it with beam-ID and/or Cell-ID

· Option 3: RS for demodulating broadcast channel

· Option 4: A combination of option 1 and 2

· Other options are not precluded

· At least one of cell-level and beam-level measurement quantities is supported for RRM reporting.

· FFS which RRM measurement quantities to define, e.g., RSRP, RSRQ

· Study the following options for RRM measurement quantities to be reported for L3 mobility:

· Option 1: derived per cell (e.g., if multi-beam, as a function of multi-beam measurements)

· Option 2: derived per beam

· Option 3: A combination of option 1 and 2

· Other options are not precluded

· FFS for other UE states (if introduced by RAN2)
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.
2.1 Time resource allocation for RRM measurements
Periodic measurements on DL signals are necessary in order to support mobility and cell (which may be operated as multiple TRPs with a shared ID) reselection for NR. In LTE this is accomplished by periodic transmission of ‘always on’ signals (e.g. PSS/SSS/CRS). For supporting a single use case (e.g. eMBB), the transmission of the required signals can be optimized and to a single (fixed) periodic timing which simplifies the measurement procedure at the UE. 

However, a fixed timing poses problems when considering forward-compatibility as it implies that other future use cases or features must either utilize the same timing (which may not be optimal as discussed below) or would require additional transmissions to be multiplexed with the existing transmissions which could reduce the overall resource utilization efficiency of the system or even worse pose backwards compatibility issues with legacy devices which are not expecting transmissions of additional signals. 

Instead just as is proposed for the transmission of signals related to initial access [2], the transmission of the RS used for measurement and subsequent report may be configured periodically or instead transmitted “on-demand,” at a different time scales to support different levels of mobility or link management supported by the network which can also be UE-specific. 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 [3].  This functionality is similar to the Discovery Reference Signal (DRS) which has been supported by LTE since Rel-12.
Proposal 1: NR should support adaptation and UE-specific configuration of the timing for RRM measurements and reports.
2.2 Frequency resource allocation for RRM measurements
In addition to the periodicity of the RRM measurement configuration, the frequency resources used for RRM measurement (e.g. measurement bandwidth) may also be configurable and adapted by the network. One motivation for this flexibility is to support the dynamic coexistence of LTE and NR on the same carrier [4]. For example in Figure 1, LTE SCell Activation/Deactivation procedures are used to multiplex LTE/NR traffic.
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Figure 1. Dynamic Frequency Partitioning of LTE and NR
To support the dynamic partitioning shown in Figure 1, in order to turn off part of the NR carrier we need to allow the system bandwidth to be reconfigurable which should also apply to the measurement bandwidth used by the UE as well. This is to ensure that measurements are NOT performed over the part of the NR carrier that is turned off. This could be done by at least semi-static (e.g. RRC configured) signaling or possibly L1 signaling if NR supports more dynamic bandwidth adaptation mechanisms than LTE.
Proposal 2: NR should support dynamic or semi-static (e.g. RRC configured) adaptation/configuration of the RRM measurement bandwidth.
2.3 IDLE and CONNECTED mode measurements

It seems straightforward to support the adaptation of the time and frequency resources used for RRM measurements for the UEs that are in ‘CONNECTED’ state to recognize the change in the bandwidth of the NR carrier to accommodate the partitioning of resources between NR and LTE transmissions for example. Whether or to what extent this awareness of the NR carrier/measurement bandwidth adaptation 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 3: RAN1 should study mechanisms to support adaptation and configuration of the time/frequency resources used for RRM measurements for both ‘CONNECTED’ and non-‘CONNECTED’ mode UEs.
2.4 RRM measurements for LTE/NR coexistence
RRM measurements are useful for cell selection and mobility as well as for other techniques such as load balancing and interference coordination. While measurements for determining the interference generated by neighbouring NR cells/TRPs should be supported as a baseline, RAN1 should consider a general framework for interference measurements by both UEs and gNBs which can be useful when NR is coexisting with other RATs (e.g. LTE or unlicensed spectrum operation) or for supporting radio resource or interference coordination mechanisms in the network.  
Proposal 4: RAN1 should consider a general framework for interference measurements by UEs and gNBs for determining the interference generated by NR transmissions as well as potentially other RATs (e.g. LTE or unlicensed spectrum operation).
3 Conclusion
This contribution analyzed the requirements for RRM measurements to support eMBB/URLLC use cases as well as be forward compatible and support other scenarios such as dynamic LTE/NR coexistence. The following proposals were made:

Proposal 1: NR should support adaptation and UE-specific configuration of the timing for RRM measurements and reports.
Proposal 2: NR should support dynamic or semi-static (e.g. RRC configured) adaptation/configuration of the RRM measurement bandwidth.
Proposal 3: RAN1 should study mechanisms to support adaptation and configuration of the time/frequency resources used for RRM measurements for both ‘CONNECTED’ and non-‘CONNECTED’ mode UEs.
Proposal 4: RAN1 should consider a general framework for interference measurements by UEs and gNBs for determining the interference generated by NR transmissions as well as potentially other RATs (e.g. LTE or unlicensed spectrum operation).
4 Reference
[1] RP-160671, New SID Proposal: Study on New Radio Access Technology, NTT DOCOMO.
[2] R1-1612361, Initial Access Procedures for NR, AT&T

[3] R1-166488, Wireless backhaul/relay for NR, AT&T
[4] R1-166489, NR and LTE Co-Existence, AT&T
