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Introduction
In last RAN1 NR#1 ad hoc meeting, the following agreements have been achieved on mobility procedure [1].
Agreements:
· The following always-on signals are used for RRM measurement for L3 mobility in IDLE mode:
· NR synchronization signal, or
· NR synchronization signal, and additional DM-RS for PBCH if DM-RS is supported for PBCH, or
· Note: How to use DM-RS for RRM measurement is up to UE implementation
· DM-RS for PBCH if DM-RS is supported for PBCH
· Note that down selection will be needed if DM-RS for PBCH is supported
· For CONNECTED mode RRM measurement for L3 mobility, the following RS can be used if needed, in addition to IDLE mode RS:
· FFS: CSI-RS,
· FFS: RS separately designed from CSI-RS
· Note that possibility of multiplexing of wideband RS in SS block is not precluded
Agreement: 
· The additional RS for mobility if defined can be transmitted on multiple beams.
Additionally, the following agreements are listed on the NR-PBCH design.
Agreement:
· No blind detection of NR-PBCH transmission scheme or number of antenna ports is required by the UE
· For NR-PBCH transmission, a single fixed number of antenna port(s) is supported
· For NR-PBCH transmission, a single one of the following transmission schemes is supported; down-selection will be done in RAN1#88 to one of the following transmission schemes:
· Alt.1: Two antenna port based SFBC
· Alt.2: Two antenna port based precoder cycling
· Alt.3: Single antenna port based transmission scheme 
· For reference signal of NR-PBCH demodulation, down selection will be done in RAN1#88 to one of the following: 
· Alt.1: Synchronization Signal (e.g. NR-SSS)
· Alt.2: Self-contained DMRS 
· NOTE: It does not preclude additional channel estimation aid from synchronization signal.
· Alt.3: MRS multiplexed in an SS block, if MRS is supported in an SS block.
· Numerology: FFS whether NR-PBCH is the same as NR-SSS – decision to be taken at RAN1#88
In this contribution, we would like to discuss our view and preference on the RS for NR mobility measurement for the purpose of down selection.
RS for NR Mobility Measurement
IDLE Mode
In IDLE mode, we prefer to use both NR-SS and DM-RS for PBCH for mobility measurement, when it is supported. Compared to LTE system, introducing more reference signal for mobility measurement can help to guarantee that NR shows better performance than LTE system. Furthermore, based on the agreements on PBCH design, two antenna ports might be supported for PBCH. Also, we noted that when the subcarrier spacing becomes larger, frequency domain reference signal would be necessary for correctly demodulate PBCH. That is, the DM-RS for PBCH may be desirable in this case. 
DM-RS for PBCH might be designed as beam specific, which means that as soon as the UE detects the DM-RS for PBCH, the beam index information will be known by the UE. In this case, the network access delay of that UE would be reduced after mobility measurement.
Therefore, we think that it might be better to introduce a multi-functional DM-RS for PBCH for not only improve the demodulation performance of NR-PBCH but also to enable the 2-port transmission of NR-PBCH as well as assisting the mobility measurement in IDLE mode.
Proposal 1: If DM-RS for PBCH is supported, multi-port DM-RS for PBCH should be used for mobility measurement together with NR-SS for guaranteeing performance in IDLE mode. The number of ports needs to be further studied.
CONNECTED Mode
In CONNECTED mode, our preference is to introduce wideband MRS in addition to CSI-RS for mobility measurement. Our concern here is that the sparsity of CSI-RS in time and frequency domain. Adding MRS will increase the RS density to guarantee the mobility measurement performance. When the MRS is introduced to NR, it might be a better way to multiplex this wideband MRS in an SS block to fulfill the requirement of multi-beam transmission of MRS. Therefore, introducing wideband MRS-1, which is multiplexed in an SS block (more specifically, multiplex with resource location of PBCH), is our preference. When PBCH is not included in an SS block, wideband MRS-1 might be in the same locations as the case that PBCH exists.
Similar as in IDLE mode, beam specific wideband MRS-1 is suggested. For keeping conformance, the suggested beam specific wideband MRS-1 out of the range of SS block in frequency domain can be considered as the extension of DM-RS for PBCH. This proposal for CONNECTED mode might be beneficial for intra-cell mobility, e.g., mobility among beams.
Proposal 2: Beam specific wideband MRS-1, which is multiplexed within the range of an SS block in time domain, should be introduced to NR system for mobility measurement in CONNECTED mode.
Figure 1. Beam specific RS for demodulation of PBCH and mobility measurement


Conclusion
Several benefits are expected by multi-functional RS for NR mobility measurement.
· [bookmark: _GoBack]Flexibly reuse of reference signals
· Guarantee mobility measurement performance
Proposal 1: If DM-RS for PBCH is supported, multi-port DM-RS for PBCH should be used for mobility measurement together with NR-SS for guaranteeing performance in IDLE mode. The number of ports needs to be further studied.
Proposal 2: Beam specific wideband MRS-1, which is multiplexed within the range of an SS block in time domain, should be introduced to NR system for mobility measurement in CONNECTED mode.
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