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1. Introduction
At 3GPP RAN1#87 meeting, potential reference signals candidates for RRM measurements for IDLE and CONNETED states have been identified [1]:
· Consider the following signal combinations for inter-cell RRM measurements for CONNECTED and IDLE until RAN1-NR:

· Option 1: Same RS

· Option 1-1: NR-SSS and/or NR-PSS

· Option 1-2: MRS-1 (Multi-port multi-beam reference signal multiplexed in a SS block)

· Option 1-3: MRS-2 (Multi-port multi-beam reference signal not multiplexed in a SS block)

· Option 1-4: MRS-3 (Single/Multi-port single-beam reference signal)

· Option 1-5: NR-SSS and DM-RS for PBCH if DM-RS is supported for PBCH

· 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}
In this contribution, some considerations on NR RS for RRM measurement in IDLE and CONNECTED states will be discussed. 
2. Discussion
In LTE system, RRM measurements are very important for mobility procedure which can be carried out as cell reselection or handover depending on the terminal is in RRC_IDLE or RRC_CONNECTED. Since the UE has different requirements in IDLE and CONNECTED states, e.g. data transmission and latency tolerance, the reference signals used for procedures of cell reselection and handover are different. PSS/SSS will be used to get Cell ID and synchronized to the reselected cell in cell reselection process. For handover, the terminal will measure the received power of CRS and send RSRP measurement report to the network when the measurement fulfils a configurable condition.
For NR, the similar scheme as LTE could be adopted for RRM measurement signals in IDLE and CONNECTED states. The main reason is that the main requirement of the terminal in IDLE mode is cell identity information and the terminal in CONNECTED mode may needs quick handover and continuous data transmission. NR RRM measurement signal solution selection should consider different purposes of reference signals. It should be also considered that signal overhead and RRM measurement performance from both sides of the network and terminals. 
Proposal 1: Different RS should be used for inter-cell RRM measurements for CONNECTED and IDLE states.
2.1 RRM measurements in IDLE mode

In LTE, the transmission period of PSS/SSS is 5ms. In NR, we also assume NR-PSS/NR-SSS is transmitted periodically. The period could be more than 5ms due to the design principle of reducing always-on signals for NR. If the TRP transmits/receives in a single beam similar as LTE, NR-PSS/NR-SSS could be generated based on the cell identity (e.g. Cell ID). For mmWave or multi-beam transmission, NR-PSS/NR-SSS is related to the antenna port/ beam. Even for a single TRP the multi-beam scheme could have a number of beams (e.g. 8 or 16), considering at least 2 or 3 neighbouring TRPs involved in the cell reselection procedure, UE may need to measure more than 10 NR-PSS/NR-SSS to reselect the suitable TRP. To reduce the measurement instances and time during the cell reselection, also take UE power consumption into account, NR-PSS/NR-SSS should not be one-to-one correspondent to each data transmission beam or antenna ports. It is preferred that NR-PSS related to TRP identity and NR-SSS related to a subset of beams or typical subset of antenna ports. The beams for synchronization could be wider than data transmission beams if two-stage multi-beam management scheme is agreed. Subsequently the UE decodes NR-PBCH to obtain the basic set of system information.
Proposal 2: NR-PSS/NR-SSS should be used for RRM measurement in IDLE mode; NR-SSS could be related to wider beams compared to data transmission beams in multi-beam scheme.
2.2 RRM measurements in CONNECTED mode 

To support continuous data transmission during handover procedure, UE should perform RRM measurement based on beam based RS, e.g. MRS. The reason is UE decoding receiving data based on MRS thus using MRS to measure the received RS power is straightforward. It should be further discussed and evaluated whether MRS is multiplexed on a SS block or not based on evaluation results of multiplexing MRS measurement accuracy. 
· MRS multiplexed on a SS block:

· Pros: UE could measure multiple beam-specific RS in one shot detection of MRS SS block; decrease measurement time in handover procedure
· Cons: increase UE complexity on one shot measurement capability and distinction of multiple beams
· MRS not multiplexed on a SS block:
· Pros: UE measures MRS related to one beam at one block accurately and may send one measurement report after one period; no impact on UE complexity
· Cons: the total measurement time may be increased; impact on UE power consumption
In the ultra dense/dense deployment scenarios, the above cons of both multiplexing and non-multiplexing solutions will have more dramatic impacts. The TRP could measure UL reference signal (e.g. SRS) as complementary measurement results and trigger UL based handover. 
Proposal 3: MRS should be used for RRM measurement in CONNECTED mode; whether multiplexing MRS on a SS block or not should be chosen based on careful evaluation. 

Proposal 4: UL RS based measurement can be complementary solution especially in dense or ultra dense deployment scenarios.
3. Conclusion

In this contribution, we discuss some views on RRM measurement for NR mobility. The following proposals can be summarized: 
Proposal 1: Different RS should be used for inter-cell RRM measurements for CONNECTED and IDLE states.

Proposal 2: NR-PSS/NR-SSS should be used for RRM measurement in IDLE mode; NR-SSS could be related to wider beams compared to data transmission beams in multi-beam scheme.
Proposal 3: MRS should be used for RRM measurement in CONNECTED mode; whether multiplexing MRS on a SS block or not should be chosen based on careful evaluation. 

Proposal 4: UL RS based measurement can be complementary solution especially in dense or ultra dense deployment scenarios.
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