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1   Introduction
SA2 has recently agreed that NG system will support an NGC idle mode.

At the same time solutions to support an inactive mode in connected state have started, whereby the UE remains connected to the same gNB from NG-Core point of view while its mobility is hidden from NG-Core.

This inactive mode triggers paging and mobility tracking questions for which possible solutions are investigated in this paper.

At the same time, this investigation could be correlated with the similar investigation carried out for LTE under the release 14 work item “signaling reduction to enable light connected in LTE”. 

2 Description
Solution 1: RAN Tracking Area based solution  

In solution 1, the operator partitions the network in small RAN Tracking Areas (RTAs). These RAN Tracking areas could be seen as RAN equivalent of Tracking Areas defined for the Core Network for idle mode and can be called RAN Tracking Areas (RTAs). 

In a similar way as CN TAs are managed by an MME in idle mode, an RTA management by gNB can be done whereby the gNB provides the UE with a list of RTAs. Whenever the UE re-selects a cell of a gNB2 outside the coverage of the provided list of RTAs, it sends an RRC Location Update to gNB2 which then triggers an “Anchor gNB relocation” to become the new Anchor gNB. This relocation is described in details in annex A. 

The features associated with solution 1 are:

· Configuration of RTAs across the network by the operator

· Broadcast of RTA ID by all gNBs 

· Management of RTA lists by gNBs (i.e. RTA lists per UE)

· Horizontal Paging over NG4 (inter-gNBs) necessary across multiple RTAs i.e. every anchor gNB needs to maintain NG4 relationship with all gNBs of any RTA which it has given to the UEs

· Data Buffering/Forwarding at MT across gNBs (case MT on non-anchor gNB of RTA list) associated with horizontal paging and therefore across RTAs
· Relocation of Anchor gNB by all gNBs at MO/MT at non-anchor gNB
· Support of RRC Location Update by all UEs and gNBs

· (Multiple) Relocation of anchor gNB triggered at every RRC Location Update (see annex A-1)
The above steps Horizontal paging over NG4, associated Data buffering/forwarding, and Relocation of Anchor gNB at MT are shown in annex A-2.

Solution 2: Hybrid CN-RAN Tracking Area based solution  

In solution 2, the operator partitions the network in small RTAs. Whenever the UE re-selects a gNB2 outside the RTA of the Anchor gNB it sends an RRC Location Update signaling to gNB2. The gNB2 suspends the UE and forwards the Suspend over NG4 to the Anchor gNB which triggers an NG1-C Suspend procedure to the NG CN node. The result of this Suspend procedure is to move the UE into NG CN idle mode. From this point in time idle mode paging is used.

The features associated with solution 2 are: 

· Configuration of RTAs across the network by the operator

· Broadcast of RTA ID by all gNBs 

· Horizontal Paging over NG4 (inter-gNBs) limited within one static RTA (the one of Anchor gNB) but NOT necessary across multiple RTAs i.e. a gNB needs NOT maintain NG4 relationship with gNBs of adjacent RTAs 

· Data Buffering/Forwarding at MT across gNBs (case MT on non-anchor gNB of RTA) associated with horizontal paging and therefore limited to one RTA
· Relocation of Anchor gNB by all gNBs at MO/MT at non-anchor gNB
· Support of RRC Location Update by all UEs and gNBs

· One RRC/NG4/N1-C Suspend procedure associated with first RRC Location Update (see annex A-3)
The above steps Horizontal paging over NG4, associated Data buffering/forwarding, and Relocation of Anchor gNB at MT are shown in annex A-2.
Solution 3: Hybrid CN-Multiple-gNB based solution  

In this solution the RTA concept is not used which avoids the operator to need partitioning its network into RAN Tracking areas. Each gNB simply broadcasts it gNB ID. The Anchor gNB provides the UE with a list of gNB IDs. Whenever the UE re-selects a cell of gNB2 outside the coverage of the provided list of gNBs it sends RRC Location Update to gNB2. The gNB2 suspends the UE and forwards the Suspend over NG4 to the Anchor gNB which triggers an NG1-C Suspend procedure to the NG CN node. The result of this Suspend procedure is to move the UE into NG CN idle mode. 
The features associated with solution 3 are: 

· Broadcast of gNB ID by all gNBs 

· Management of gNB lists by gNB (i.e. gNB list pr UE)

· Horizontal Paging over NG4 (inter-gNBs) limited to a dynamic selection of neighbor gNBs by the anchor gNB

· Data Buffering/Forwarding at MT across gNBs (case MT on non-anchor gNB) associated with horizontal paging therefore limited to a dynamic selection of neighbor gNBs
· Relocation of Anchor gNB by all gNBs at MO/MT

· Support of RRC Location Update procedure by all UE and all gNBs

· One RRC/NG-4/NG1-C Suspend procedure associated with first RRC Location Update (see annex A-3)
The steps Horizontal paging over NG4, associated Data buffering/forwarding, and Relocation of Anchor gNB at MT are shown in annex A-2.
Solution 4: Hybrid CN-gNB based solution  

In this solution the RTA concept is not used which avoids the operator to need partitioning its network into RAN Tracking areas. Each gNB simply broadcasts it gNB ID. Whenever the UE re-selects a cell of a gNB2 different than anchor gNB, the UE sends a RRC Location Update signaling to the gNB2. The gNB2 suspends the UE and forwards a Suspend Request/Location Report over NG4 to the Anchor gNB which triggers an NG1-C Suspend procedure to the NG CN node. The result of this Suspend procedure is to move the UE into NG CN idle mode. 

The features associated with solution 4 are: 

· Broadcast of gNB ID by all gNBs 

· Relocation of anchor gNB by all gNBs at MO/MT (see annex A-4)
· Support of RRC Location Update procedure by all UE and all gNBs

· One RRC/NG-4/NG1-C Suspend procedure associated with first RRC Location Update (see annex A-3)
3 Conclusion and proposals
This paper has proposed several solutions for the handling of paging and mobility in inactive mode.

Proposal: It is proposed to capture these four solutions in the RAN3 TR 38.801 [4] and subsequently proceed with their evaluation.
4 References
[1] RP-160671, Study on NR New Radio Access Technology, NTT DOCOMO

[2] 3GPP TR 23.799, Study on Architecture for Next Generation System, SA2

[3] 3GPP TR 38.913, Study on Scenarios and Requirements for Next Generation Access Technologies, RAN
[4] 3GPP TR 38.801, Study on New Radio Access Technology: Radio Access Architecture and Interface, RAN3
5 Annex A-1: Relocation of Anchor gNB associated with RRC Location Update
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6 Annex A-2: Horizontal Paging and associated data buffering/forwarding at MT together with Anchor GNB relocation 
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7 Annex A-3: RRC/NG4/NG1-C Suspend at RRC Location Update 
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8 Annex A-4: Vertical paging together with Relocation of Anchor GNB at MT after a suspension 
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