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1. Introduction
In RAN2 [1][2], it was agreed that an idle UE camps on the best cell. However, how to derive cell level qualities based on measurements is still to be studied. 
In RAN1 [3], it was agreed that an NR-SS is defined, consisting of at least NR-PSS and NR-SSS, where NR-PSS is used at least for initial synchronization to the cell and NR-SSS is used for at least partial cell ID detection. An NR-PBCH is also defined.
A structure including SS block, SS burst and SS burst set was also agreed. NR-SS and/or NR-PBCH can be transmitted within an SS block.
NR supports cell-level mobility based on DL cell-level measurement (e.g. RSRP for each cell) for idle mode UEs. RAN1 should study the following DL signals for these cell-level RRM measurements:
· 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

In this contribution, we further discuss the DL signals for cell-level RRM measurements, based on the SS block/burst framework.
2. DL Signals For Idle-mode Cell-level RRM measurements
RAN1 should define signals for idle-mode cell-level RRM measurement, in order to support cell-level idle mode mobility, for example according to the options listed above.
Idle mode mobility in LTE is based on the cell-level signals PSS/SSS and CRS. The time/frequency density of CRS is based on requirements for connected mode UEs. However, the detection and measurement requirements for idle UEs are much more relaxed than for connected mode UEs. Hence, idle UEs can choose to use just a small subset of the available CRS for measurements. In situations with only idle UEs in a cell, the dense transmission of PSS/SSS and CRS results in unnecessarily high network power consumption and interference.
In NR, the always-on DL signals assumed by idle UEs should be minimized. Hence, the design of the always-on cell-level DL signals should be based on the detection and measurement requirements for idle mode UEs in NR. The design parameters include transmission period(s), bandwidth and frequency domain density.
It is clear that a synchronization signal (NR-SS) will be defined in NR. It should be designed to meet the SS-related requirements such as
· cell search UE complexity and power consumption, 
· cell search performance (latency, error probabilities, etc),
· synchronization accuracy,
· the number of cell IDs.
Similarly, a separate DMRS for NR-PBCH (if defined) should be optimized for the delivery of NR-PBCH. The DL signal for idle-mode cell-level RRM measurement, on the other hand, should fulfill requirements on RRM measurement accuracy. It can be noted that a signal optimized to meet SS-related requirements can be quite different from a signal optimized to meet the RRM measurement requirements, e.g. LTE PSS/SSS vs LTE CRS. Hence, we propose the following design approach:
1. NR-SS is optimized for SS-related requirements, e.g. cell search, synchronization, cell IDs, but not for RRM measurements. DMRS for NR-PBCH (if defined) is optimized for PBCH-related requirements.
2. NR-SS and/or DMRS for NR-PBCH is used for idle-mode RRM measurement if NR-SS and/or NR-PBCH can also meet the requirements for idle-mode RRM measurements.
3. If not, an always-on mobility RS, optimized for RRM measurements, is introduced. 
Proposal 1: NR-SS is optimized for SS-related requirements, e.g. cell search, synchronization, cell IDs, but not for RRM measurements. DMRS for NR-PBCH (if defined) is optimized for PBCH-related requirements, but not for RRM measurements.
Proposal 2: NR-SS and/or DMRS for NR-PBCH is used for idle-mode RRM measurement if NR-SS and/or DMRS for NR-PBCH can also meet the requirements for idle-mode RRM measurements. If not, an additional always-on mobility RS, optimized for RRM measurements, is introduced.
If an additional always-on mobility RS is introduced, then it should be cell-specific, i.e. associated with the same cell ID as the corresponding NR-SS, and be transmitted together with the NR-SS. It would be beneficial if the mobility RS (if introduced) could use the same RS used for connected mode L3 mobility, such as a first-level RS for measurement of large-scale channel properties [4][5]. This could allow the sparse mobility RS for idle to be a subset of the more frequently transmitted RS used for connected mode L3 mobility.
Proposal 3: An additional always-on mobility RS, if introduced, should be cell-specific and be transmitted together with the NR-SS.
Proposal 4: An additional always-on mobility RS, if introduced, should use the same RS as for connected mode L3 mobility.
In order to design and evaluate NR-SS and possibly an additional mobility RS, the corresponding idle mode requirements should be considered. Therefore, it is proposed that RAN1 sends an LS to RAN4 to ask for guidance on these requirements.
Proposal 5: RAN1 sends an LS to RAN4 to ask for idle-mode detection and RRM measurement requirements in NR.
3. Idle mode Mobility based on SS Burst Sets
It has been agreed that NR supports an SS burst set signal structure, containing one or more SS bursts, which are made up of SS blocks. Our companion contribution [6] further discusses SS burst sets and SS bursts. One use case for using SS bursts with multiple SS blocks is to support beam sweeping of DL signals. In order to support long DRX cycles for idle UEs, DL signals used by idle UEs should be concentrated to SS blocks, which are included in SS bursts and SS burst sets.
Proposal 6: Idle mode mobility is based on DL signals in SS blocks. 
If an additional mobility RS is introduced for idle mode RRM measurements, it should be transmitted in SS blocks and SS burst sets, together with NR-SS. This would enable the same single-beam or multi-beam transmission of mobility RS as for NR-SS.
Proposal 7: An additional always-on mobility RS, if introduced, is transmitted in SS blocks/bursts/burst sets, supporting single-beam and multi-beam transmission of mobility RS.
A UE may obtain multiple RRM measurement results for a cell transmitting multiple SS blocks, for instance one result per SS block. In the case of beam sweeping, the different results correspond to different DL beams. In this case, the idle UE should camp on the cell with the strongest/best SS block.
Proposal 8: For cells with multiple SS blocks in an SS burst, e.g. if beam sweeping is used, the idle UE camps on the cell with the strongest/best SS block.
Adjacent SS blocks in an SS burst could also be used for DL signal repetition (on the same beam), in addition to beam sweeping, for coverage extension. How idle UEs could exploit such repetition should be further studied. Possible approaches include blind detection of repetition level and repetition level indication in NR-PBCH.
Proposal 9: RAN1 studies idle mode mechanisms to exploit DL signal repetition (on the same beam) in adjacent SS blocks, such as blind detection and indication in NR-PBCH.
4. Conclusions
The following was proposed above: 
Proposal 1: NR-SS is optimized for SS-related requirements, e.g. cell search, synchronization, cell IDs, but not for RRM measurements. DMRS for NR-PBCH (if defined) is optimized for PBCH-related requirements, but not for RRM measurements.
Proposal 2: NR-SS and/or DMRS for NR-PBCH is used for idle-mode RRM measurement if NR-SS and/or DMRS for NR-PBCH can also meet the requirements for idle-mode RRM measurements. If not, an additional always-on mobility RS, optimized for RRM measurements, is introduced.
Proposal 3: An additional always-on mobility RS, if introduced, should be cell-specific and be transmitted together with the NR-SS.
Proposal 4: An additional always-on mobility RS, if introduced, should use the same RS as for connected mode L3 mobility.
Proposal 5: RAN1 sends an LS to RAN4 to ask for idle-mode detection and RRM measurement requirements in NR.
Proposal 6: Idle mode mobility is based on DL signals in SS blocks. 
Proposal 7: An additional always-on mobility RS, if introduced, is transmitted in SS blocks/bursts/burst sets, supporting single-beam and multi-beam transmission of mobility RS.
Proposal 8: For cells with multiple SS blocks in an SS burst, e.g. if beam sweeping is used, the idle UE camps on the cell with the strongest/best SS block.
Proposal 9: RAN1 studies idle mode mechanisms to exploit DL signal repetition (on the same beam) in adjacent SS blocks, such as blind detection and indication in NR-PBCH.
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