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1
Introduction
In RAN1#86 follwing agreements were made:
· 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

In this contribution we discuss briefly the functionality and need of different downlink signals for initial access and mobility measurements in NR.
2
Initial Access and Downlink Measurements in NR 
2.1 Initial Access Procedure

To consider potential DL signals for measurements an exemplary initial access procedure is provided here and discussed briefly:
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Figure 1. Exemplary initial access procedure.

1. Synchronization Signal (SYNC). Indicates a presence of a cell and encodes an identity (e.g. a cell idendity PSS+SSS).
2. NR PBCH DM-RS. The NR PBCH-DMRS signals are determined by the UE based on PCI. Used to decode cell specific physical broadcast channel (PBCH).  
3. NR PBCH (MIB). To obtain minimum system information for further cell access and to the determin how to decode further information from cell e.g. SIB. 
4. SIB. To obtain other system information and to the determine whether to access the cell is allowed and how to access. SIB provisioning may done either by additional downlink sweep or scheduled on shared channel.
5. BRS (Beam Reference Signals). Based on the beam configuration information in system information UE is able to determine the operation mode of the cell (single beam/multi beam) in addition to other configuration information such as random access resources. Once UE has obtained information on cell beam configuration such as number of BRS ports and the discovery signal periodicity it is able detect different beams of a cell.

6. RACH. Random access procedure to access the cell on configured resources 

Until step 4 in the figure 1, ideally from UE perspective the reception of SYNC, NR-PBCH (MIB) and possibly SIB would be beam agnostic; UE would not need to know anything about the beam configuration (e.g. number of BRS ports, discovery signal periods etc.) before it has decided to access the cell using random access procedure. This approach would allow similar cell search and initial access procedure until UE decides to access the cell.
Observation 1: Cell search and obtaining minimum system information for initial access should be agnostic to beam configuration
2.2 DL Signals for Mobility Measurements

The illustrated initial acces procedure in Figure 1 provided following downlink signal options for mobility measurements:

· SYNC signal

· PBCH DM-RS
· BRS (Beam Reference Signals)
In NR there is an active discussion on going to define a state with IDLE mode characteristic (as in LTE Idle mode) but the UE context would be maintained at the network. Thus, the UE would be consired as in RRC connected mode but ‘inactive’. Currently this is referred as ‘new state’. In one view the IDLE mode would still be defined in NR but could be seen as intermediate state when UE has no RRC connection (e.g. power on/off) and also during a failure recovery procedure e.g. when reconnecting to network after radio link failure.

In the following chapters we discuss the above signals and their potential use in different RRC states, in Connected and idle/inactive modes.

2.2.3 IDLE/INACTIVE Mode
SYNC Signal

In idle/inactive state, from mobility measurements perspective the detection of synchronization signal and a cell identity is needed:
1. When UE performs initial cell selection when it has no RRC connection (it searches for the strongest cell  to obtain more information such as PLMN ID, Cell ID

2. In UE based mobility when UE performs cell re-selection: detecting neighbouring cells and determining cell quality in inactive/IDLE (RRC connected but inactive, the ‘new state’ in NR) 

As the synchronization signal is the first signal detected by the UE in all above cases it could be beneficial to consider if it could be used for measurements to determine cell quality. As sync signal level is known prior to the detection of NR PBCH-DMRS it could be used to rule out weak candidate cells. Additionally the SYNC signal could be used to determine whether UE initiates (neighbouring) cell search and measurements for cell re-selection. Furthermore SYNC signal reception could be made to be single/multi-beam agnostic [2]. The potential requirements that would be then imposed for the SYNC signal design are FFS.
Observation 2: Using NR Synchronization signal for cell measurements could simplify and streamline mobility procedures.
NR-PBCH DM-RS 
Alternatively, considering the LTE principle for cell measurements, UE would first detect synchronization signal, determine the cell specific reference signals based on physical cell ID and perform RSRP/RSRQ measurements. 
Similar approach could also be applied for NR cell measurements. UE detects synchronization signal, determines necessary cell identity and derives the cell specific NR-PBCH DM-RS signals for cell quality measurements. This leads to further options where the cell measurements could be done from SYNC signal only, PBCH DM-RS only or use both: SYNC + PBCH DM-RS.
In either option, UE would not need to know the beam configuration of a cell so the measurement would be beam agnostic.
Observation 3: NR Cell measurements can be done in beam agnostic manner based on SYNC signal, PBCH DM-RS, or SYNC+PBCH DM-RS
Proposal 1: Consider the use of NR synchronization signal for NR cell measurements in IDLE/inactive mode.
2.2.4 CONNECTED Mode
SYNC Signal / NR PBCH-DMRS 
In connected mode, SYNC signal is used when searching and detecting neighbour cells. As these signals would be transmitted in beam agnostic manner UE is not able to measure individual beam qualities of its serving cell and neighbour cells. 

For neighbour cell measurements it would be beneficial for UE in connected mode to avoid need for reading system information of neighbour cells to be able to obtain more information about the cell. To be able to perform connected mode neighbour cell measurements quickly and efficiently the SYNC signal quality could be used determine whether to obtain further information of that cell. Neighbour cell system information could be provided e.g. via serving cell.
Observation 4: SYNC signal could be used in connected mode mobility measurements
Proposal 2: Consider the use of SYNC signal for mobility measurements in connected mode
Beam Reference Signals
In NR the cell can be covered by multiple TRPs and each TRP may have one or multiple beams. Once the UE has selected a cell for initial access the network needs to have knowledge which beam or beams can be used for communication with UE. Also as UE may move from the coverage of a TRP to another in a cell the communication beams may change. To facilitate the intra-cell mobility, beam specific Beam Reference Signals should be transmitted periodically in a cell. As the signals are beam specific UE is able to measure and detect different beams and feedback this information to network (serving cell).  
Similar mobility procedures should apply for both single beam and multi beam based deployments as on both cases the mobility is based on BRS signals. 
Observation 5: BRS signals can be used for intra-cell mobility measurements in connected mode
BRS signals should be cell specific and could be determined using cell identity. Cell specific and periodical BRS signals could then be used also for inter-cell mobility measurements. When UE detects a cell and identifies it, it may obtain neighbour cell’s beam configuration to perform beam level measurements on BRS signals and report those to serving cell, if configured to do so.   

For inter-cell mobility it would be beneficial to avoid obtaining SIB level system information from the neighbour cell by decoding the broadcast channel. As discussed above the serving cell could potentially provide neighbour cell information based on PCI.
Observation 6: BRS signals can used for inter-cell mobility measurements in connected mode
Proposal 3: Consider the use of BRS signals for intra-cell and inter-cell mobility measurements in connected mode.
3
Conclusions
Following observation were made in this contribution:

Observation 1: Cell search and obtaining minimum system information for initial access should be agnostic to beam configuration

Observation 2: Using NR Synchronization signal for cell measurements could simplify and streamline mobility procedures.

Observation 3: NR Cell measurements can be done in beam agnostic manner on SYNC signal, PBCH DM-RS, or SYNC+PBCH DM-RS
Observation 4: SYNC signal could be used in connected mode mobility measurements
Observation 5: BRS signals can be used for intra-cell mobility measurements in connected mode
Observation 6: Cell specific BRS signals can used for inter-cell mobility measurements in connected mode

Proposals: 
Proposal 1: Consider the use of NR synchronization signal for NR cell measurements in IDLE/inactive mode.
Proposal 2: Consider the use of SYNC signal for mobility measurements in connected mode
Proposal 3: Consider the use of BRS signals for intra-cell and inter-cell mobility measurements in connected mode.
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