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1
Introduction

This document is applicable for both agenda items (and shows that those topics are highly related to each other).

We discuss one aspect of RAN paging, i.e. a scheme where the RAN node that keeps the UE Context is responsible for contacting the UE and fails to do so. 

One approach would be to ask the CN to page the UE in a wider scope.
2
Discussion

The introduced scheme is based on the following principles:

-
Main approach for concepts on inactive UEs in LTE and NR follows what has been started in LTE Rel-13 with the introduction of the RRC Resume function also known as “User Plane CIoT Optimisation”: the RAN-CN signalling connection is kept, UE context information is cached in RAN and by that a reduction of overall signalling load is achieved.
-
This principle is further developed by refraining from synchronising NAS and RRC states by means of RAN-CN signalling and by this keeping the CN unaware of mode/state changes within the RAN. This results in retaining the UE in a “CN-Connected” state.
-
With those assumptions, the CN would not be in the position to trigger contacting UEs in (RAN-) inactive state, it would be the RAN, upon reception of DL user data.

-
The serving RAN node, i.e. the RAN node that keeps the UE Context and the RAN-CN signalling connection is allowed to request other non-serving RAN nodes to perform paging on its behalf. The main requirement for the selection of non-serving RAN nodes is the availability of a direct signalling connection from the serving RAN node. Such non-serving RAN nodes are said to be “within the paging scope” of the serving RAN node. This requires that the RAN node knows which registration area the UE is registered in.
-
Non-serving RAN nodes outside the paging scope can only be reached by means of the CN’s assistance. An overall scheme how paging outside the serving RAN nodes paging scope may work is depicted and described below:
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Figure 1: RAN paging with CN assistance

0.
The UE is supposed to be in an RRC inactive/idle state and an CN Connected state.
The Serving RAN node holds the UE Context and is C-Plane connected to the CN and should have knowledge about the UEs registered areas (TAs) in order to determine the RAN paging scope appropriately
The Serving CP CN node is C-Plane connected to the serving RAN node, the UE Context also contains a pointer to the UP resources in the Serving UP CN node.
Not sure what to say about the existence of a UP context in the UP CN node, but at DL user data delivery the UP context needs to be activated.
1.
DL user data triggers the Serving RAN node to contact the UE

2.
The serving RAN node attempts to contact the UE. The flow chart shows a most likely implementation, where first the serving area of the serving RAN node is paged.

3.
The serving RAN node requests (this could happen in parallel to step 2) neighbouring RAN nodes to page the UE. The serving RAN node determines the paging scope based on the CN areas (TAs) the UE is registered and on its own abilities / preference to request neighbouring RAN nodes.
4.
The serving RAN node recognises that the UE is not reachable after a couple of paging attempts within the serving RAN node’s paging scope.

5.
The serving RAN node requests the CN for assistance in paging the UE. It may provide information of the serving RAN node’s paging scope (i.e. where the serving RAN node will take care of further paging attempts on its own), some statistical or historical data collected over time, probably information about the UEs current coverage situation and others. 

Note:
It is beneficial to standardise a clear distribution of functions for this kind of paging:
As long as the UE is regarded to be in a CN connected state, it is always the RAN that triggers very paging attempt, never the CN.
The CN role is to selects the RAN nodes to which Paging shall be sent, based on assistance information received from RAN (including paging attempt count) and probably other information locally available at the CN.
Note:
It may in addition be beneficial to align CN IDLE and CN connected RAN triggered paging principles so that UE is able to receive both CN IDLE and RAN initiated paging in the same slot. The advantage of such alignment is that the network can transition to CN IDLE from CN connected at any time for UEs in RRC inactive state without informing the UE. This alignment is also beneficial for handling error cases where the RAN context of the UE is lost. When the CN is in CN IDLE normal CN IDLE principles should apply.

6.
The CN, based on assistance data from RAN, selects the paging scope for the paging attempt. The CN will not trigger paging repetition on its own.

7a.The Serving RAN node may in the meanwhile continue paging within its own paging scope.

7b.
The CN sends Paging to the selected RAN nodes.

Several results of the paging attempt are possible and outlined:

8a.-11a. UE Context retrieval via RAN internal interface:
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Figure 2: Context Retrieval via RAN internal interface
If the UE was reached in a new RAN node (step 7), and the UE Context can be retrieved from the Serving RAN node (step 9a), the new RAN node establishes a signalling connection to the CN node (step 10a), the UE context in the old Serving RAN node is released upon inter-RAN node signalling, the old signalling connection to the CN is released implicitly.
Note:
Step 9a may very well involve the CN, i.e. the CN may be asked for assistance to retrieve the UE Context.
8b.-12b. UE Context retrieval not possible:
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Figure 3: UE Context retrieval not possible
If the UE was reached in a new RAN node, and the UE Context cannot be retrieved from the Serving RAN node (e.g. the old serving RAN node’s address cannot be resolved), the UE is requested to newly establish a context in the new RAN node, and a new signalling connection to the CN is established (step 10b). The CN recognises the existence of two signalling connection for the same UE (step 11b) and releases the old one (step 12b).
8c.
The UE cannot be reached
If the UE cannot be reached at all, the Serving RAN node may decide to request the CN to release the signalling connection, by which the CN regards the UE to be in CN_IDLE state.
It is further expected, that Paging messages which are relayed via a RAN internal interface or the RAN-CN interface for UEs in inactive state would need to carry any parameterisation that defines the time window within which the UE listens to pagings, which could, depending on the solution, be different from what is defined today in S1AP.

3
Conclusion
It is proposed to agree on the signalling scheme as outlined in chapter 2 and capture it for AI 10.4.1 in TR 38.801 [1] in section 6.1.1.1.1.
For AI 10.4.1, it is also proposed to move the function “Contacting UEs in inactive mode” as captured in section 6.1.1.1  in TR 38.801 [1] to the list of agreed functions:
<<<<<<<<<<<<<<<<<<<< Begin of Changes >>>>>>>>>>>>>>>>>>>>

6.1.1.1
NR RAN functions
NOTE 1:
The further detail of the functionalities needs further study.

NOTE 2: 
NR RAN refers to a RAN supporting NR. It may only consist of NR (standalone NR operation) or it may consist of NR and LTE (tight interworking) or it may consist of NR, LTE and WLAN (tight interworking). 

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 NR 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 LTE by means of data flow aggregation. This function includes at least dual connectivity. Interworking with LTE is supported for collocated and non-collocated site deployments.

-
Multi-connectivity

-
This function provides means for connectivity between an NR node and multiple NR nodes by means of data flow aggregation.

-
LTE-NR handover through LTE-NR interface

-
This function provides means for LTE-NR handover via the direct interface between an eLTE eNB and a NR BS.

-
Contacting UEs in inactive mode (feasibility of UE Inactive mode to be further studied and coordinated with RAN2)

-
This function may be associated with a NR location area management function providing the capability for NR RAN to manage location areas. If it exists, it is FFS whether and how this NR location area management function will be coordinated with LTE and whether and how it will interact with the NG Core location area management.

NR RAN may also include other functions:



-
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).

-
LTE-NR handover via CN

-
This function provides means for LTE-NR handover via CN.

<<<<<<<<<<<<<<<<<<<< End of Changes >>>>>>>>>>>>>>>>>>>>
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