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1 Introduction
In [1], a WF on NR RRM was agreed. In this contribution, we provide further views on RRM measurements for NR.
2 Related agreements in other groups

RAN1#86-bis
Working assumptions:
· Beam management procedures can utilize at least the following RS type(s):

· RS defined for mobility purpose at least in connected mode
· FFS: RS can be NR-SS or CSI-RS or newly designed RS

· Others are not precluded

· CSI-RS:

· CSI-RS is UE-specifically configured

· Multiple UE may be configured with the same CSI-RS

· The signal structure for CSI-RS can be specifically optimized for the particular procedure
· Note: CSI-RS can also be used for CSI acquisition

· Other RS could also be considered for beam management such as DMRS and synchronization signals

Agreements:
· For downlink, NR supports beam management with and without beam-related indication

· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for data reception can be indicated through QCL to UE

· FFS: Information other than QCL

· FFS: When beam-related indication is provided, information pertaining to the Tx beam used for data transmission is indicated to UE 

· For downlink, based on RS (used for beam management) transmitted by TRP, UE reports information associated with N selected Tx beams

· Study how the N Tx beams can be selected 

· Study the case where N comprises of all Tx beams

· Study UE reporting information

· Note: N can be equal to 1

Agreements:
· Support at least network triggered aperiodic beam reporting:

· Aperiodic beam reporting is supported under P-1, P-2, and P-3 related operations

· FFS beam reporting details

· FFS: UE assisted/initiated aperiodic beam reporting

· FFS: In case of UE assisted/initiated aperiodic beam reporting, UE request message can be transmitted on a reserved/dedicated/common uplink channel (e.g. physical random access channel, physical uplink control channel).

· Further study is needed whether semi-persistent/periodic/event-triggered beam (network triggered or UE assisted/initiated) reporting is needed

Agreements:
· Support using same or different beams on control channel and the corresponding data channel transmissions

· FFS the antenna ports for control channel and the corresponding data channel (e.g., sharing some ports or not)

· Study detailed aspects related to beams/beam pairs indication/reporting involving usage of control and data channels and involving one or more TRPs

Working assumption:

· The followings are defined as Tx/Rx beam correspondence at TRP and UE :

· Tx/Rx beam correspondence at TRP holds if at least one of the following is satisfied:

· TRP is able to determine a TRP Rx beam for the uplink reception based on UE’s downlink measurement on TRP’s one or more Tx beams.

· TRP is able to determine a TRP Tx beam for the downlink transmission based on TRP’s uplink measurement on TRP’s one or more Rx beams

· Tx/Rx beam correspondence at UE holds if at least one of the following is satisfied: 

· UE is able to determine a UE Tx beam for the uplink transmission based on UE’s downlink measurement on UE’s one or more Rx beams.

· UE is able to determine a UE Rx beam for the downlink reception based on TRP’s indication based on uplink measurement on UE’s one or more Tx beams.

· More refined definition can still be discussed

Agreements:
· UL beam management is to be further studied in NR

· Similar procedures can be defined as DL beam management with details FFS, e.g.:

· U-1: is used to enable TRP measurement on different UE Tx beams to support selection of UE Tx beams/TRP Rx beam(s)

· Note: this is not necessarily useful in all cases

· U-2: is used to enable TRP measurement on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s)

· U-3: is used to enable TRP measurement on the same TRP Rx beam to change UE Tx beam in the case UE uses beamforming

· FFS Indication of information related to Tx/Rx beam correspondence is supported

· Study UL beam management based on:

· PRACH

· SRS

· DM-RS

· Other channels and reference signals are not precluded

· Study uplink beam management procedure by considering the Tx/Rx beam correspondence

· For the case of TRP and UE have Tx/Rx beam correspondence
· For the case of TRP has no Tx/Rx beam correspondence and/or UE has no Tx/Rx beam correspondence

3 Discussion

3.1 UE Measurement Capacity
UE measurement capacity is not unlimited, due to different factors such as memory, processing capability, power, receiver structure, etc. It is therefore necessary to understand the amount of measurements the UE needs to handle in NR and also how this compares to LTE.
The UE performs measurements for different purposes and will continue doing so also in NR.

The set of basic measurements in NR to be performed by the UE, such as measurements for mobility support, depends, e.g., on RRC state, cell-level or beam-level mobility, and also whether the UE will perform beamformed measurements for this purpose or not. For RRM, the UE will perform beamformed measurements at least in CONNECTED mode and may also perform non-beamformed measurements, as was discussed, e.g., in [2]. In NR, beamformed measurements are also needed at least for beam management purpose.
· Observation 1: UE will have to support both beamformed and non-beamformed measurements in NR.
Different amount of efforts at the UE side may be needed for a non-beamformed and beamformed measurement, depending on the measurement procedure, signals to measure, bandwidth, availability of the information necessary for the UE to perform a measurement, etc. Furthermore, if a non-beamformed measurement is associated with a cell, and a beamformed measurement is associated with at least one tx and/or rx beam, it is obvious that in practice there will be significantly fewer different non-beamformed measurement possibilities than different beamformed measurement possibilities for the same UE, e.g., because multiple beams will be available in a cell and multiple beams may be available at the UE. Furthermore, a moving UE will be changing beams faster than changing cells, so there may be also a need to monitor more neighbor beams.
· Observation 2: The minimum amount of measurements for mobility supported by the UE in NR may need to be larger than in LTE.
· Observation 3: To control the total measurement capacity in the UE and considering that beam-formed and non-beamformed measurements may require different efforts, it may be beneficial to have not only a requirement on the total amount of measurements but also a requirement for each of the beam-formed and non-beamformed measurements.
In NR, UE will support multiple numerologies, implying that there may be measurements configured in parallel based on different numerologies on different carrier frequencies or even on the same carrier frequency. It is likely that not all UEs will support all numerologies, but it may be also so that even not all supported numerologies can be used at the same time. Furthermore, given that smaller subcarrier spacing may be more demanding requiring more samples in frequency and a larger FFT size, it is likely that the UE measurement capability may also depend on the numerologies used in parallel.
· Observation 4: The UE measurement capacity may further depend on the numerologies used in parallel for measurements.
3.2 On UE measurement for mobility and beam management
In NR, like in LTE, UE will be performing measurements and will be reporting measurement results.
The measurements will be performed at least for mobility purpose and beam management purpose.
IDLE mode mobility is at cell level, so the UE will be perform cell-specific measurements and will be performing cell detection/identification once camped on a cell. For mobility in CONNECTED mode, UE will support at least one of cell-level and beam-level measurement quantities for reporting, where the cell-level measurement quantity may also be derived based on beamformed measurements. Beamformed measurements and beam detection/identification for CONNECTED mode mobility are likely to be specified for NR. The signals or combination of signals used for mobility in both IDLE and CONNCTED is still FFS in RAN1.

For beam management, the UE will perform beam reporting based on measurements for N transmission beams based on RSs transmitted by TRPs. The RS to be measured by the UE include at least the RS defined for mobility purpose (at least in CONNECTED mode) and CSI-RS. At least network-triggered aperiodic beam reporting is supported. NR supports beam management with and without beam-related indication. At least when no beam-related indication is provided, the UE will have to identify and select N beams for reporting. The UE will have to also determine own transmit/receive beams.
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