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1. Introduction
In this contribution, we discuss mobility aspects relevant to RAN1 based on agreements made from previous meetings. The following agreement regarding mobility were made in RAN1 #87 and NR Ad-hoc #1.
	Agreements on Reference Signals and RRM Measurements from RAN1 #87
Consider the following signal combinations for inter-cell RRM measurements for CONNECTED and IDLE until RAN1-NR:
· Option 1: Same RS
· Option 2: Not same RS
· Option 2-1: NR-SSS in IDLE; MRS-{1,2} in CONNECTED
· Option 2-2: NR-SSS in IDLE; NR-SSS and MRS-{1,2} in CONNECTED
· Option 2-3: NR-PSS and/or NR-SSS in IDLE; NR-PSS and/or NR-SSS and CSI-RS in CONNECTED
· Option 2-4: For CONNECTED, RS for IDLE and MRS-{1,2,3}

Agreements on Reference Signals and RRM Measurements from RAN1 NR Ad-hoc #1
· 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
· RSRP(s) can be measured from the IDLE mode RS. 
· One RSRP value is measured from the IDLE mode RS per SS block.
· FFS: UE measures one RSRP value from multiple SS blocks in an SS burst set
· The measured values are referred to “SS-block-RSRP”
· It is RAN1’s understanding that “SS-block-RSRP” may correspond to the “beam quality” in RAN2 agreements in multi-beam case, at least in IDLE mode.
· RSRP(s) can be measured from the additional RS for CONNECTED mobility if such additional RS are defined (note that this is not yet agreed in RAN1)
· FFS: How to derive RSRP value(s) utilizing the antenna ports and resource(s) of the RS
· FFS: Association of the measured qualities in CONNECTED mode to the “beam quality” in RAN2 agreement in CONNECTED mode
· Note: It is up to RAN2 how to derive cell-level quality from the measured value(s) for L3 mobility
· The additional RS for mobility if defined can be transmitted on multiple beams.




Additionally, companies were encouraged to bring results and analysis until the next RAN1-NR Ad-hoc meeting considering at least the following aspects:
· Cell coverage in CONNECTED and IDLE
· Overhead of RS resources (e.g. Number of resource elements, BW used for RS mapping, Resource usage in time)
· Accuracy of the RS measurement quantity
2. Additional RS in CONNECTED mode
The following candidates for the additional RS in CONNECTED mode was listed during RAN1 #87, where 
MRS-1 refers to multi-port multi-beam reference signal multiplexed in a SS block, MRS-2 refers to Multi-port multi-beam reference signal not multiplexed in a SS block, and MRS-3 refers to single/multi-port single-beam reference signal.

· Option 2-1: NR-SSS in IDLE; MRS-{1,2} in CONNECTED
· Option 2-2: NR-SSS in IDLE; NR-SSS and MRS-{1,2} in CONNECTED
· Option 2-3: NR-PSS and/or NR-SSS in IDLE; NR-PSS and/or NR-SSS and CSI-RS in CONNECTED
· Option 2-4: For CONNECTED, RS for IDLE and MRS-{1,2,3}

It should be noted that Option 2-3, CSI-RS is expected to be configured and multiplexed outside of the SS block. Therefore, would constitute as MRS-2 by the definition.  
It should be noted that support of P-1 beam management based on CSI-RS was agreed in RAN1 #87. Given that the exact design for CSI-RS is still undergoing in RAN1 and it is very likely the configurations available for CSI-RS would be very flexible (far more so than LTE). If so, RAN1 should first investigate if CSI-RS defined for P-1 beam management is sufficient for inter-cell RRM measurements or not. For example, as shown in Figure 1, CSI-RS density of 1 RE per PRB with 1 OFDM symbol was able to provide similar RSRP accuracy as RSRP from SSS in low geometry and extremely good RSRP accuracy in high geometry cases. This was evaluated in 4 GHz carrier frequency and with CDL-C channel model with 500 ns RMS delay spread.
[bookmark: _GoBack][image: ][image: ][image: ][image: ]
[bookmark: _Ref474106798]Figure 1. RSRP Accuracy Testing based on SSS and CSI-RS
It should be noted that results in Figure 1 are single shot measurement and additional L1 or L3 filtering will improve accuracy further.
Proposal 1: 
· Propose to make CSI-RS as the additional RS for inter-cell RRM measurements as baseline assumption for RAN1. We can revisit the baseline assumption, when the CSI-RS design for P-1 beam management progress further and investigate whether CSI-RS design would be suitable or not.

From the RSRP accuracy results, it seems that mobility based on SSS may suffice some deployments and CSI-RS may only be needed for certain UEs or cells in particular deployments. If so, it would be beneficial to let UE specific configuration of the CSI-RS for L3 mobility and have this configured separately from CSI-RS used for CQI/PMI/RI measurements.
Proposal 2: 
· CSI-RS for inter-cell RRM measurements should be configured separately from CSI-RS intended CSI reporting.
· CSI-RS for inter-cell RRM measurements should be UE specific configuration

3. Conclusions
	In this contribution, we discussed the various aspects on UE mobility. Our proposals are summarized as below:
Proposal: 
· Propose to make CSI-RS as the additional RS for inter-cell RRM measurements as baseline assumption for RAN1. We can revisit the baseline assumption, when the CSI-RS design for P-1 beam management progress further and investigate whether CSI-RS design would be suitable or not.
· CSI-RS for inter-cell RRM measurements should be configured separately from CSI-RS intended CSI reporting.
· CSI-RS for inter-cell RRM measurements should be UE specific configuration
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