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1 Introduction
In RAN1#87, the followings are agreed on the mobility related issues. 

	R1-1613678
WF on Mobility RS
Samsung, MediaTek, NTT DOCOMO, CATT, Qualcomm, Huawei, LGE, Ericsson, Intel

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 




In RAN2#94, the followings are agreed. 
Agreements:


1 NR eNB corresponds to 1 or many TRPs

Agreed requirements


2: 
As baseline, NR shall support a state with network controlled mobility handling and a state with UE controlled mobility.


3: 
For typical NR inter-eNB network controlled mobility, minimise the required measurement configuration to be provided to the UE to configure measurements (e.g. avoid the need to provide detailed 'cell' level information). More detailed information may be provided to address some cases.


4
Minimise context move as a consequence of UE based mobility.
Observation 1 : NR network controlled mobility should minimize measurement configuration to UE.

Observation 2 : Minimize context move as a result of UE based mobility.

In addition, in RAN2#95, the followings are agreed. 
Agreements related to RRC based mobility

RAN2 preference:

1
In connected active we are able to use non-UE specific RS for measurements (UE may not need to be aware whether the RS is UE-specific or non-UE specific)

2
The non-UE specific RS can be found by the UE without much configuration

3
The non-UE specific RS encodes an identity

This contribution discusses IDLE and CONNECTED mode mobility, considering NR RS design of RAN1. 
2 Design Principles for Reference Signals
In the previous RAN2#96 meeting, RAN1 has sent LS questioning RAN2 issues on the RS design options of RAN1. However, it is difficult for RAN2 to discuss all the possible issues and to come up with a unified view, due to the following problems: 
· There are many RAN1 options (9 options from 1-1 to 1-5, and from 2-1 to 2-4)

· Each option’s RS design and UE operations are not clear yet

·   Such as RS signal design, beam design, power, periodicity, 

Moreover, RAN1 is already declared to study on the following issues: 
· Cell coverage in CONNECTED and IDLE
· Overhead of RS resources
· Accuracy of the RS measurement quantity

As mentioned in the above sentences, the specific reference signal design is up to RAN1. Therefore, RAN2 should focus on technical preference in the mobility/system point of view. From the above observations, RAN2 already agreed that non-UE specific RS should be used for in idle mode and connected-active. The remaining issue is additional RS for RRM in connected-active mode. If the additional RS is defined, this RS increase system overhead and needs additional measurement configuration for connected-active mode UE.

Proposal 1: Common non-UE specific RS for RRM (i.e. like CRS concept in LTE) is preferable for both idle and connected-active to minimize system overhead and measurement configuration.
3 RAN2 issues on separating IDLE and CONNECTED mode mobility
In the previous RAN2#94 meeting, we have agreed on IDLE mode mobility as: 

4
Minimise context move as a consequence of UE based mobility.

The intention on the above agreement is to prevent the additional context move as a consequence of UE state transition, and the IDLE mode camping cell of a UE must be the same as the CONNECTED mode serving cell of the UE. 
If there is a case which IDLE mode camping cell and the CONNECTED mode serving cells are different, such UE will go through additional handover when the IDLE to CONNECTED mode state transition occurs. And also, such UE will go through additional cell reselection when the CONNECTED to IDLE mode state transition occurs. 

Such the above unnecessary handover and cell reselection will increase the control plane latency, and damage the UE stability (since such NR UE cannot believe the selected cell to be the same on every state transition).
Therefore, in RAN2 perspective, additional handover and cell reselection on UE state transition must be limited regardless of RS designs, e.g., non-UE specific RS in idle mode and non-UE specific RS + additional RS in connected-active. Therefore, RAN2 could also agree following principle.
Proposal 2: No matter how RSs are designed, RAN2 prefers to have the same IDLE mode camping cell and the CONNECTED mode serving cell.
Proposal 3: Additional handover due to the IDLE to CONNECTED NR UE state transition must be minimized.
Proposal 4: Additional cell reselection due to the CONNECTED to IDLE NR UE state transition must be minimized.
Such the above RAN2 requirements on NR CONNECTED and IDLE mode mobility can be delivered to RAN1 to be considered for their RS designs. 
Proposal 5: Request RAN2 to send LS on RAN1 to consider the above recommendations for RS designs
4 Conclusions
This contribution has reviewed design principles for common RS for multi-beam case and made the following proposals.

Observation 1 : NR network controlled mobility should minimize measurement configuration to UE.

Observation 2 : Minimize context move as a result of UE based mobility.
Proposal 1: Common non-UE specific RS for RRM (i.e. like CRS concept in LTE) is preferable for both idle and connected-active to minimize system overhead and measurement configuration.
Proposal 2: No matter how RSs are designed, RAN2 prefers to have the same IDLE mode camping cell and the CONNECTED mode serving cell.
Proposal 3: Additional handover due to the IDLE to CONNECTED NR UE state transition must be minimized.
Proposal 4: Additional cell reselection due to the CONNECTED to IDLE NR UE state transition must be minimized.

Proposal 5: Request RAN2 to send LS on RAN1 to consider the above recommendations for RS designs
