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1. Introduction
In RAN1 #87 and RAN1 Jan NR AH meeting, the discussions on RRM measurement for L3 mobility in IDLE and CONNECTED mode have been made
Agreements:
· 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}

· Companies are encouraged to bring results and analysis until RAN1-NR 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

· The following impacts resulting from selecting IDLE mode RS option can also be considered for multi-beam case:

· Performance in DL/UL signal reception after RACH before RRC connection, in relation to the associated beams obtained during RACH procedure 

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:

· 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

Agreement: 

· The additional RS for mobility if defined can be transmitted on multiple beams.
Summary of next steps: 

· At least the following aspects need to be further studied for the additional RS for L3 mobility in CONNECTED mode

· To acquire synchronization for RSRP measurement, consider the following options until RAN1#88:

· Option 1: UE uses NR-SS

· Option 2: UE uses the additional RS

· Option 3: UE uses NR-SS and the additional RS

· Maximum number of antenna ports
· Configuration/derivation of mapping/configuration parameters (e.g., number of antenna ports, RE mapping, time locations (periodicity and offset), number of antenna ports, BW, scrambling, etc.)
· Option 1: Cell-specific
· Option 2: Non-UE-specific, e.g., beam-specific, or UE-group-specific 
· Option 3: UE-specific
· Option 4: Combinations of above
· Use of the RS for fine time/frequency tracking and estimation of QCL parameters

· The RS can be turned off.

· Association of time frequency resources with beam(s) if needed

· The RS can be used for PBCH demodulation

· Down-selection from MRS-1, MRS-2, MRS-3 and CSI-RS

Aim for downselection at RAN1#88. 

In our previous contributions, we introduced the two level beam management framework for separating mobility and data transmission. In this contribution, we further discuss the RSs used for the two level mobility
2. Two-level beam design and RSs for mobility
In our previous contributions [1], we proposed the two level beam management framework for mobility and data transmission, where the first level broadcast beams is used in initial access procedure as well as the mobility management therein and the second level data-related beams for CSI acquisition and related data transmission. There are two alternatives from our contribution.
Alt 1: PSS/SSS (Mobility RS) is used for L3 mobility and L1/L2 beam measurement

Alt 2: PSS/SSS is used for L3 mobility, CSI-RS is used for L1/L2 beam measurement
According to the existing agreement, mobility is considered separately for IDLE and CONNECTED mode UEs. For IDLE mode UEs, only L3 mobility will be involved. For CONNECTED mode UEs, L3 mobility accounts for inter-cell mobility while L1/L2 accounts for intra-cell beam switching. 
In RAN1 Jan NR AH meeting, the following agreements on RSs for RRM measurement for L3 mobility in IDLE mode have been made:
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

Considering that for UEs in IDLE mode, only the signals using the minimum bandwidth will be monitored by UE. Therefore, for UEs in IDLE mode, PSS and SSS are naturally suitable for RRM measurement. In this sense, in order to improve the accuracy of RRM measurement as much as possible, the occupied bandwidth of PSS and SSS need to make full use of the whole minimum bandwidth as much as possible. 
Another alternative is to use the additional DMRS for PBCH (if supported) for RRM measurement for L3 mobility in IDLE mode. How to use the received power from different RSs to derive the RSRP of a beam is an open issue. On the other hand, from the current discussion, it is not clear yet that whether PBCH is transmitted in every SS block with the synchronization signals. Therefore, using additional DMRS for PBCH as the RRM measurement can be quite complicated in terms of RSRP derivation and the accuracy of RSRP in different SS blocks might be different. Therefore, we have the following proposal regarding IDLE mode RRM measurement RS: 
Proposal 1: NR synchronization signal is used for RRM measurement for L3 mobility in IDLE mode.
For UEs in CONNECTED mode, the RRM measurement can be over the whole system bandwidth, PSS/SSS is no longer the only choice for mobility measurement in CONNECTED mode. For UEs in CONNECTED mode, beam management is considered for the intra-cell beam switching. According to the current agreement, CSI-RS can be used for beam management. Therefore, it is proposed that CSI-RS can be used for CONNECTED mode RRM measurement for intra-cell beam switching
Considering the L3 mobility in CONNECTED mode is used in inter-cell handover procedure. In this case, the PSS/SSS is still needed for inter-cell measurement. According to the summary of next steps in RAN1 NR AH, further study is needed on whether additional RS is needed for the L3 mobility in CONNECTED mode. 
The pros for UEs in CONNECTED mode to use additional RSs for L3 mobility is that the measurement can be over the whole wideband or over the subbands where RSs can be configured, thus providing more accurate estimation of the inter-cell measurement. However, the cons is that more information exchange is required for the serving cell to configure UE to monitor the target-cell CSI-RS, moreover, the target cell has to configure CSI-RS that covers the whole coverage area which may cause significant overhead.  
Therefore, we have the following proposal regarding the RSs for IDLE and CONNECTED mobility.
Proposal 2: In CONNECTED mode, NR CSI-RS for beam management is used for RRM measurement for L1/L2 beam switching, while NR synchronization signal is used for RRM measurement for L3 mobility.
Following our two-level beam design, there is no linkage between the beamforming weights for broadcast beam and data-related self-contained beam. In other words, the channels in broadcast beam and the channels in data-related self-contained beam cannot share reference signals. Therefore, it is proposed that
Proposal 3: For data transmission, CSI-RS for CSI acquisition is used, which is a separate RS from CSI-RS for beam management.
3. Conclusion
In this contribution, the following proposals are proposed:
Proposal 1: NR synchronization signal is used for RRM measurement for L3 mobility in IDLE mode.

Proposal 2: In CONNECTED mode, NR CSI-RS for beam management is used for RRM measurement for L1/L2 beam switching, while NR synchronization signal is used for RRM measurement for L3 mobility.
Proposal 3: For data transmission, CSI-RS for CSI acquisition is used, which is a separate RS from CSI-RS for beam management.
References
[1] R1- 1612183, “On separating mobility and data transmission”, 3GPP TSG RAN WG1 Meeting #87, Reno, USA, 10th - 14th November 2016.
