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1. Introduction

At the RAN1#86 meeting, PHY layer aspects related to initial access and mobility were discussed and RAN1 made following agreements and conclusions regarding mobility measurement [1].
	Agreements:

· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access

· More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering

· Single beam based and multi-beam based deployments

· TDD and FDD operations

· Different/mixed numerologies

· Standalone and non-standalone operations
· Licensed band and unlicensed band operations
· FFS: mMTC use case

· RAN1 should take at least following requirements into account to design initial access

· Providing at least following functionalities

· Detection of NR cell and its ID
· Note: In this context, NR cell corresponds one or multiple TRP(s)
· Initial time/frequency synchronization to the cell

· Providing necessary information for random access

· Providing sufficient number of the identity values to allow deployment flexibility
· FFS: supporting efficient mobility

· FFS: supporting efficient inter-RAT measurement

· Reducing the frequency hypothesis UE needs to search for compared to LTE

· FFS: detecting beam ID(s)

Agreements:
· For RRM measurement in NR, at least DL measurement is supported with the consideration on
· Both single-beam based operation and multi-beam based operation
· FFS: Definition of RRM measurement for multi-beam based operation
· FFS: DL signal for RRM measurement

· FFS: When DL measurement is applied

· Note that there is no conclusion that DL measurement is a complete solution for RRM measurement in NR for now

Conclusions:

· For RRM measurement and mobility in NR, RAN1 needs to study DL and UL based measurements considering following RAN2 study

· RRC driven at ‘cell’ level

· Zero/Minimum RRC  involvement (e.g. at MAC /PHY) 

· FFS what is the definition of a cell


In addition, also at the RAN2#95 meeting, NR mobility design was discussed and following agreements were made [2].

	Agreements related to RRC based mobility

RAN2 preference:

1
In connected active we are able to use non-UE specific RS for measurements (UE may not need to be aware whether the RS is UE-specific or non-UE specific)

2
The non-UE specific RS can be found by the UE without much configuration

3
The non-UE specific RS encodes an identity

FFS1
Is RS in connected the same as "xSS"

FFS2 
What does the non-UE specific RS identify? e.g. Cell, beam, TRP, zone, or something else.

FFS3
Does the UE have to be able to somehow identify a grouping from this identity

These agreements are not intended to preclude uplink based mobility

Final decision whether to introduce non-UE specific RS design is RAN1 responsibility


	Agreements

1:
In the 5G system, the UE camps on the best cell

FFS how the UE determines the best cell 



In this contribution, we discuss on mobility measurement design for NR, including fundamental DL-RS design for idle mode and connected mode mobility measurement. 
2. Discussion on DL based RRM measurement design for NR
2.1. Idle mode mobility measurement
According to the RAN2 agreements, UE in idle mode performs RRM measurement to determine the best cell to camp on. The cell reselection at the UE will be performed when the UE needs to change some configuration/behavior (e.g., synchronization reference and scrambling ID of reference signal for demodulation of control channel, configuration of random access and so on) to keep enabling random access, paging and so on. Therefore, TRP sites/beams that cannot share the same synchronization and configuration for idle mode UE should not be associated with the same NR cell. 
Assuming that TRP sites/beams within a NR cell share the same synchronization and configuration, idle mode UE does not need to care about TRP site/beam within the same NR cell. So, a cell-level measurement based on DL cell-specific reference signal is sufficient for idle mode UE to perform cell reselection. NR synchronization signals (NR-SS) and reference signal for NR physical broadcast channel (NR-PBCH) demodulation are at least DL cell-specific reference signal and hence can be considered for DL based RRM measurement in idle mode.
In case of multi-beam based operation, NR-SS, NR-PBCH and RS for NR-PBCH demodulation are transmitted with beam sweeping as shown in [3]. Each OFDM symbol containing NR-SS or NR-PBCH/RS within a period is associated with different TRP beam. In addition, SFN transmission among multiple TRP sites/beams is also possible as shown in Figure 2-1. Based on the resource where UE detects NR-SS and/or NR-PBCH, UE may identify its associated TRP beam implicitly and exploit it for example in random access as proposed in [4].
Proposal 1: Cell-level measurement based on DL cell-specific reference signal(s) is applied for idle mode mobility measurement.

· RRM measurement based on NR-SS and/or RS for NR-PBCH demodulation can be considered for DL based RRM measurement in idle mode.
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Figure 2-1: Example of cell-specific signal/channel transmission in multi-beam/TRP based operation

2.2. Connected mode mobility measurement
For UE in connected mode, network needs to manage associated TRP site and beam in addition to the cell. Since CSI measurement/reporting for many TRP sites and beams will cause significant UE burden and overhead, the network needs to identify limited number of candidate TRP sites and beams for the UE based on RRM measurement reporting, i.e., L3 beam management. Therefore, TRP/beam-level measurement and reporting based on DL measurement RS separated from that for idle mode mobility measurement is necessary for DL-based connected mode mobility in addition to the cell-level measurement and reporting. Figure 2-2 shows an example of DL measurement RS transmission in multi-beam/TRP based operation. This DL based RRM measurement for connected mode is similar to Rel-12 discovery signal based RRM measurement, i.e., CRS-based measurement is cell-level and CSI-RS based measurement can be TRP/beam-level. DL RS for TRP/beam level measurement can contain TRP/beam identifier and can be dynamically triggered when necessary, i.e., not necessary to be always-on. In case of NR cell consisting of single TRP/beam, DL RS for TRP/beam level measurement may not be triggered or configured so that connected mode mobility in such case can be handled by cell-level measurement.
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Figure 2-2: Example of DL measurement RS transmission in multi-beam/TRP based operation

Proposal 2: TRP/beam-level measurement based on DL measurement RS separated from that for idle mode mobility measurement should be supported for DL-based connected mode mobility.

· DL measurement RS for TRP/beam measurement is separated from DL cell-specific RS for cell-level measurement.
· DL measurement RS for TRP/beam measurement is not always-on signal.
3. Conclusion 

In this contribution, we discussed on mobility measurement design for NR, including fundamental DL-RS design for idle mode and connected mode mobility measurement. We made the following proposals. 
Proposal 1: Cell-level measurement based on DL cell-specific reference signal(s) is applied for idle mode mobility measurement.

· RRM measurement based on NR-SS and/or RS for NR-PBCH demodulation can be considered for DL based RRM measurement in idle mode.
Proposal 2: TRP/beam-level measurement based on DL measurement RS separated from that for idle mode mobility measurement should be supported for DL-based connected mode mobility.

· DL measurement RS for TRP/beam measurement is separated from DL cell-specific RS for cell-level measurement.

· DL measurement RS for TRP/beam measurement is not always-on signal.
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