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1. Introduction
In RAN3 #92 Nanjing meeting, it was confirmed an “Inactive mode” would be supported by NR and in Gothenburg RAN3 #93 Meeting, it was decided to link inactive mode study with LTE light connection WI. In RAN2 #95, following agreements on light connection for LTE were reached:
	1. The functions of a lightly connected UE include:

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

b. Support of RAN initiated paging mechanism.

c. The paging process is controlled by the “anchor eNB”.

d. "Anchor eNB" controlled RAN based paging area.

e. RAN based paging area update mechanism. 

f. RAN based paging area can be configurable as UE specific.

g. The lightly connected UE performs cell reselection based mobility (the same cell reselection mechanism in RRC IDLE).

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

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

j. 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.

k. A UE enters into "lightly connected" by RRC signaling. The details are FFS.

2. The UE specific paging area configuration, defined in term of cell list or new list of paging area ID, shall be supported by dedicated and/or broadcast RRC signaling. Further optimization and down selection can be considered.

3. UE lightly connected is required to notify the network when it moves out of the configured RAN based paging area.

4. The paging area can be configured as one or more cells from RAN2 point of view. The configured cells can come from different eNB.

5. The paging area can be configured as one or more cells from RAN2 point of view. The configured cells can come from different eNB.

6. To take as a baseline that Rel-13 legacy PO/PF calculations are used for the RAN-initiated paging. The input parameters for PO/PF calculation can be changed in necessary.

7. To define a UE ID for paging calculation. Select the UE ID from (a) NAS UE ID (i.e. S-TMSI), (b) Rel-13 UE Resume ID, (c) a new RAN UE ID, (d) IMSI mod x.

8. To define a UE ID conveyed in paging message. Select the UE ID from (a) NAS UE ID (i.e. S-TMSI), (b) Rel-13 UE Resume ID, (c) a new RAN UE ID or (d) IMSI.

9. To discuss the preference of using legacy RRC paging message vs defining a new RRC RAN-initiated paging message for UEs in lightly connected.

10. FFS: To define RAN-based paging DRX cycle which is UE specific.


  About NR inactive state, RAN2 also made agreement during last meeting as below

Agreement

1
One UE has only one NR RRC state at one time.

2
The connection (both CP and UP) between RAN and Core should be maintained in the “new state”

          FFS whether the “new state” can be transparent to Core.

3
For the UE in the “new state”, a RAN initiated notification procedure should be used to reach UE. And the notification related parameters should be configured by RAN itself.

          FFS how the notification will be transmitted (e.g. via a beam, broadcast, etc.)

4. 
For the UE in the “new state”, RAN should be aware whenever the UE moves from one “RAN

          Based notification area” to another. 

          FFS how CN location updates and RAN updates interact, if needed

This paper proposes NR inactive state principles with LTE light connection agreements as reference.

2. RAN Base Notification Area Definition
In order to determine how the RAN should be aware whenever the UE moves from one “RAN based notification area” to another it is first necessary to define the identifier used for the RAN based notification area. A UE may be assigned with a list of RAN based notification area identifiers. 
The following area identifier options are possible:

1. Reuse the CN based notification area ID, e.g., similar to TA in LTE

2. Define a new RAN based notification area ID

3. Reuse the cell ID
The RAN based notification area should have all the gNBs reachable from the gNB anchoring the Core network connection so that paging could be forwarded via Xn interface. If a CN based notification area ID is used, then the gNB will be required to have RAN connectivity (Xn) to all the gNBs advertising the same CN based notification area ID (equivalent to having an X2 interface to all the eNBs in a TA in LTE). This does not seem like a desirable restriction as it restricts how the CN pages the UE in IDLE based on RAN connectivity.

Observation 1: Reuse the CN based notification area ID for the RAN based notification area restricts the CN ability to define which areas share a TA equivalent based on the RAN connectivity and will be a challenge to configure

The choice of defining a new RAN based notification area ID or reusing a similar identifier to the GCI in LTE is based on the following tradeoff
· OTA signalling overhead in broadcasting the RAN based notification area ID
· Uu signalling overhead in assigning the UE a specific RAN based notification area
It is our understanding from the past discussions, e.g. on LTE light connection, that there is a strong desire to achieve as fine granularity of a “UE” paging area as a single cell. This may make sense when the UE is known to hardly move and when the network wants to page the UE in a single cell. It is possible to assign a paging area formed by a group of cells to the UE and page the UE in a single cell based on network knowledge on, e.g. UE mobility. This approach however requires recovery mechanisms such as gradually extending the area where the paging is broadcast, which can cause some delay in paging procedure.

On the other hand, if the RAN notification area is fixed to a single cell by the standard and the notification area for the UE has to be relatively large, e.g. the similar size as today’s Tracking Area, it leads to higher signalling overhead in assigning UE specific paging area.

It is therefore our proposal to define a new RAN based notification area ID that is flexible enough to cover different deployment and paging strategy options for NR inactive mode.

Proposal 1:
A RAN based notification area is identified by a new RAN based notification area identity

Proposal 2:
The RAN based notification area identifier is broadcasted in system information of a cell.
Proposal 3:
The area identified by a single RAN based notification area identity can cover a single cell or multiple cells. 
Proposal 4: 
UE shall be assigned with a list of RAN based notification area identities before entering inactive mode.
3. Conclusion
In this contribution, we discussed the inactive mode UE in NR and propose:
Proposal 1:
A RAN based notification area is identified by a new RAN based notification area identity

Proposal 2:
The RAN based notification area identifier is broadcasted in system information of a cell. 
Proposal 3:
The area identified by a single RAN based notification area identity can be as small as one or several cells. 
Proposal 4: 
UE shall be assigned with a list of RAN based notification area identities before entering inactive mode.
4. Proposed TP

========================================================
6.1.1 RAN-CN functional split
6.1.1.1Functions for New RAN
NOTE 1:
The further detail of the functionalities needs further study.

Functions similar to E-UTRAN as listed in TS 36.401 [3]
-
Transfer of user data

-
Radio channel ciphering and deciphering

-
Integrity protection

-
Header compression

-
Mobility control functions:

-
Handover

-
Inter-cell interference coordination

-
Connection setup and release

-
Load balancing

-
Distribution function for NAS messages

-
NAS node selection function

-
Synchronization
-
Radio access network sharing

-
Paging 

-
Positioning
Functions specific for New RAN:

-
Network Slice support

-
This function provides the capability for NR RAN to support network slicing
-
Tight Interworking with LTE

-
This function enables tight interworking between NR and evolved E-UTRA by means of data flow aggregation. This function includes at least dual connectivity. Interworking with evolved E-UTRA is supported for collocated and non-collocated site deployments.
-
Multi-connectivity
-
This function provides means for connectivity between an New RAN node and multiple New RAN nodes by means of data flow aggregation.
-
evolved E-UTRA-NR handover through a New RAN interface
-
This function provides means for evolved E-UTRA-NR handover via the direct interface between an eLTE eNB and a NR BS.
Editor’s Note:
How to cover options 3/3a is FFS.
-
Session Management
-
This function provides means for the NG-Core to create/modify/release a context in the New RAN associated with a particular PDU session of a UE.
New RAN may also include other functions:

-
Contacting UEs in inactive mode (feasibility of UE Inactive mode to be further studied and coordinated with RAN2)
-
In the inactive mode, the UE context is stored in RAN and UP data is buffered in RAN. 
-
Direct services support (further study related with D2D, coordinate with RAN1, RAN2)

-
This function provides communication whereby UEs can communicate with each other directly
-  Interworking with non-3GPP systems 
- This function provides interworking between NR and Non-3GPP RAT (e.g. WLAN).

-
evolved E-UTRA/E-UTRA - NR handover via CN
-
This function provides means for evolved E-UTRA/E-UTRA - NR handover via CN.
Note: Support of the E-UTRA - NR HO via CN function depends on progress in SA2. When discussing solutions to support this function, RAN3 needs to consider factors such as adaptation of the source RAN/CN to the target RAN/CN

-
evolved E-UTRAN-NR inactive mode mobility using a direct interface between an eLTE eNB and an NR BS.

-
This function provide means for UE mobility in a RAN controlled inactive mode between NR and evolved E-UTRAN using a direct interface between an eLTE eNB and an NR BS for context fetching and paging.

Editor’s Note:
This approach is pending discussions on “light connection” and respective discussions on paging.
6.1.1.1.1
Support for a UE operational mode during periods of no traffic [FFS RAN2]
The RAN3 impact of a UE operational mode during periods of no traffic should be explored in the Next Generation Systems and New Radio (NR) work. Upon reception of DL data, New RAN could notify the UE by paging in a RAN based notification area defined by a list of RNAI (RAN based notification area ID). RNAI identifies an area with one or multiple cells. UE is assigned with a list of RNAIs before entering inactive mode.
========================================================
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