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1 Introduction

The intention of this contribution is to give some discussion on the principles for the design of RRC state in NR which also needs further input from RAN2 and SA2, and share some consideration on the new characteristics required by beam forming system for RRC_CONNECTED state, and the paging related issues to the “inactive state”.
2 Design principles for RRC states in NR

In LTE, the WI ”Signalling reduction to enable light connection for LTE” has been approved to improve the UE access latency as well as UE power consumption for all device types. In RAN2#95, some progress has been made on the “WI: Signalling reduction to enable light connection for LTE” and the agreements made can be found as follow:
----------------------------Agreements made in RAN2#95 for LTE_LIGHT_CON-Core ------------------------------------

Agreements:

the functions of a lightly connected UE include:

· S1 connection is kept and active in the “anchor eNB” 

· Support of RAN initiated paging

· The paging process is controlled by “anchor eNB”

· eNB controlled RAN based paging area

· RAN based paging area update mechanism. RAN based paging area can be configurable as UE specific

· Performing cell reselection based mobility, the same cell reselection mechanism in RRC IDLE.

· The UE AS context is kept in both UE and “anchor eNB” side.

· The ECM state is ECM-CONNECTED, from perspective of network. From UE perspective the state is FFS.

· When a "lightly connected" UE is paged (via RAN-initiated paging) or when any MO data/signaling is triggered, the UE will get back to be connected to eNB. The related procedure is FFS.

· A UE enters into "lightly connected" by RRC signaling. The details are FFS.
----------------------------Agreements made in RAN2#95 for LTE_LIGHT_CON-Core ------------------------------------

Since the intention of the WI LTE_LIGHT_CON is quite similar as the intention of the “inactive state” in NR, we propose to take the agreements made in LTE_LIGHT_CON-Core as baseline for the further discussion on the “new RAN controlled state”.

Proposal 1: Take the agreements made in LTE_LIGHT_CON as baseline for the further discussion on the “inactive state”.
In LTE, the NW controlled mobility is used for the UE in RRC_CONNECTED state and the UE based mobility is used for the UE in RRC_IDLE state. In the NW controlled mobility, the mobility will be triggered by the eNB according to the measurement result reported by UE, on the otherwise, in the UE based mobility, the mobility decision will be made by UE itself according to the rule defined in the protocol (i.e. 36.304). Since the dedicated resources can not be used for the UE in “inactive state”, if the NW controlled mobility will be used for the UE in “inactive state”, in order to transfer the measurement result and receive the mobility command, the initial access procedure will be required to re-establish the uplink alignment and beam tracking, which means the UE will be transferred from the “inactive state” to “active”.

In order to save the RRC signaling, mobility delay and power consumption, we think the “state transfer” due to the purpose of mobility should be avoided and the UE based mobility should be used in the “inactive state”.
Proposal 2: For the UE in “inactive state”, the UE based mobility should be used instead of NW controlled mobility.
3 Paging Issues related to the “inactive state”
3.1 How to trigger RAN based paging when DL data comes over CN

The RAN based paging will be introduced due to UE based mobility. In order to reduce the signalling overload both in air interface and 5G CN/RAN interface, UE can move within an area without notifying the network. On the other hand, UE based mobility will lead to the fact that network may not need to track UE in cell level unless cell update procedure is used. Therefore, the RAN may need to support local area RAN paging when DL data arrives at the last serving gNB over the 5G CN/RAN interface and RAN doesn’t know the location of UE.

Proposal 3: The RAN may need to support local area RAN paging when DL data arrives at the last serving gNB over the 5G CN/RAN interface when RAN doesn’t know the location of UE, e.g., without cell update.
3.2 Paging area for RAN based paging

The RAN-based paging area and paging cycle should be configured by NR RAN itself. 
In the “inactive state”, the UE can perform cell reselection similar to idle mode mobility and then informs the network about the switch using an update procedure. However, cell level update procedure will be considered as too frequent, especially when we taking small cell concept into consideration.
Therefore, we propose to have a RAN-based paging area concept, which includes one or more cells. When UE moves outside this area, the RAN area update procedure will be triggered in order to let the RAN knows the current location of UE. This procedure could trigger RAN node relocation or the RAN node can be kept.
Proposal 4: A RAN-based paging area concept is proposed for NR, which includes one or more cells.
If UE moves from gNB1 to gNB2 in the “inactive state” and the last serving gNB is gNB1, if there is no Xn interface between gNB 1and gNB 2, then the paging message can not be forwarded from the last serving gNB1 to gNB 2. Therefore, the assumption for RAN based paging is that the NR RAN needs to trigger the paging of the UE over Uu interface in itself as well as all the gNBs which are connected to it via Xn interface within the RAN-based paging area.
Therefore, the gNBs included in one RAN-based paging area concept shall be connected with each other via Xn interface.
Proposal 5: The gNB s belong to one RAN-based paging area concept shall be connected with each other via Xn interface.

4 Conclusion

Based on the analysis, we have the following observations and proposals:

Proposal 1: Take the agreements made in LTE_LIGHT_CON as baseline for the further discussion on the “inactive state”.
Proposal 2: For the UE in “inactive state”, the UE based mobility should be used instead of NW controlled mobility.
Proposal 3: The RAN may need to support local area RAN paging when DL data arrives at the last serving gNB over the 5G CN/RAN interface when RAN doesn’t know the location of UE, e.g., without cell update.

Proposal 4: A RAN-based paging area concept is proposed for NR, which includes one or more cells.

Proposal 5: The gNBs belong to one RAN-based paging area concept shall be connected with each other via Xn interface.
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