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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. 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. 

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

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 UE-specific adaptation/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. As mentioned in the agreement from RAN1#87 cited in the previous section 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 UE-specific adaptation/configuration of the RRM measurement bandwidth.
2.3 IDLE and CONNECTED mode measurements

During the RAN1#87 meeting the following agreements were reached.

Agreements:
· Consider the following signal combinations for inter-cell RRM measurements for CONNECTED and IDLE until RAN1-NR:

· Option 1: Same RS

· Option 1-1: NR-SSS and/or NR-PSS

· Option 1-2: MRS-1 (Multi-port multi-beam reference signal multiplexed in a SS block)

· Option 1-3: MRS-2 (Multi-port multi-beam reference signal not multiplexed in a SS block)

· Option 1-4: MRS-3 (Single/Multi-port single-beam reference signal)

· Option 1-5: NR-SSS and DM-RS for PBCH if DM-RS is supported for PBCH

· Option 2: Not same RS

· Option 2-1: NR-SSS in IDLE; MRS-{1,2} in CONNECTED

· Option 2-2: NR-SSS in IDLE; NR-SSS and MRS-{1,2} in CONNECTED

· Option 2-3: NR-PSS and/or NR-SSS in IDLE; NR-PSS and/or NR-SSS and CSI-RS in CONNECTED

· Option 2-4: For CONNECTED, RS for IDLE and MRS-{1,2,3}

· Companies are encouraged to bring results and analysis until RAN1-NR considering at least the following aspects:

· Cell coverage in CONNECTED and IDLE

· Overhead of RS resources (e.g. Number of resource elements, BW used for RS mapping, Resource usage in time)

· Accuracy of the RS measurement quantity

· The following impacts resulting from selecting IDLE mode RS option can also be considered for multi-beam case:

· Performance in DL/UL signal reception after RACH before RRC connection, in relation to the associated beams obtained during RACH procedure 

As noted in the above agreement, multiple signal types may be defined for NR RRM measurements. Some of the signals may be used for multiple purposes such as the NR SS which is also required for obtaining cell-specific time/frequency synchronization as part of initial access procedures. Similarly, MRS (if defined) and CSI-RS may be envisioned to be used for multiple purposes including cell/beam selection or coarse/fine CSI acquisition and may be cell or UE-specifically configured. 
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. 
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 ‘IDLE’ UEs for RRM measurements are only based on cell-specific signals (e.g. NR SS), while ‘CONNECTED’ UEs may additionally utilize both cell-specific and UE-specifically configured signals such MRS (if defined) or CSI-RS for inter-cell measurements.
Proposal 3: NR should support both inter-cell RRM measurements based on cell-specific signals for ‘IDLE’ and ‘CONNECTED’ mode UEs and inter-cell RRM measurements based on UE-specific signals for ‘CONNECTED’ mode UEs which may be different signals than those utilized for ‘IDLE’ mode RRM measurements.
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 UE-specific adaptation/configuration of the timing for RRM measurements and reports.
Proposal 2: NR should support UE-specific adaptation/configuration of the RRM measurement bandwidth.
Proposal 3: NR should support both inter-cell RRM measurements based on cell-specific signals for ‘IDLE’ and ‘CONNECTED’ mode UEs and inter-cell RRM measurements based on UE-specific signals for ‘CONNECTED’ mode UEs which may be different signals than those utilized for ‘IDLE’ mode RRM measurements.
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