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1
Introduction
The question arises on how the location of the UE is tracked and the UE is paged in the “RRC_INACTIVE” i.e. inactive state of NextGen system.  The question is captured as an FFS of the last RAN 2 meeting, that is, “FFS: How CN location updates and RAN updates interact, if needed”. How the location of the UE is tracked in turn affects how the UE is paged. 

This paper proposes an overall view of paging, mobility and location tacking in inactive mode which is designed in the same spirit of the release 14 “signaling reduction “ in order to ensure compatibility when doing interworking between LTE and NR.

The dual view of RAN paging and mobility in signaling “LTE reduction mode” can be found for comparison in tdoc [5].
2
UE location tracking and paging in the “new” state
2.1
RAN controlled location tracking and initiated paging

In inactive state, the current assumption is that “the connection between RAN and Core should be maintained in the “RRC_INACTIVE”. Based on this assumption, one natural option is to allow for the RAN to control the UE location tracking and paging in the “RRC_INACTIVE” which can be done by the gNB that stores the UE context and terminates the NG connection for the UE (which will be referred as ‘serving gNB’). 

For RAN controlled location tracking, the RAN needs to be partitioned into group of gNBs and cells which might be called RAN tracking areas (RTA). This can be viewed as an equivalent of tracking areas (TA) that are used to track the location of an RRC IDLE. Similar to TA, the operator needs to configure RTAs across the whole network and every cell has to broadcast its RTA ID. The serving gNB provides the UE with the list of RTAs that the UE may move without updating its location. If the UE moves out of its list of RTAs, it sends a location update to the RAN which may trigger an serving gNB relocation. 

On the other hand, when the serving gNB receives an MT data, it triggers paging to reach the UE, see Figure 1. The UE is paged through all the cells in its list of RTAs. In case the list of RTAs of the UE includes multiple gNBs, a horizontal Paging over NG4 (inter-gNBs) is necessary. This requires serving gNB to maintain the NG4 relationship with all gNBs of any RTA which it has given to the UEs. In addition, the serving gNB needs to buffer and forward the UE MT data until the serving gNB is relocated. Upon receiving the paging message, the UE responds to the paging and is ready to receive downlink user plane or control plane data with existing RRC configuration..
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Figure 1: Potential RAN initiated paging in the " RRC_INACTIVE "

2.2
Hybrid CN/RAN controlled location tracking and CN initiated paging

As an alternative to the RAN controlled location tracking and initiated paging, we can have a hybrid CN/RAN controlled location tracking and CN initiated paging in a transparent manner to the UE. In this approach, the CN (NGC CP and NGC UP) needs to be aware that the UE is in the “RRC_INACTIVE” if the RAN decides that the paging of the UE needs to be initiated from the CN. The decision to use CN initiated paging may be made when the UE updates its location when it moves out of its list of RTA or during the transition to the “RRC_INACTIVE”. If the UE moves out of the list of RTAs, it sends a location update to RAN which may also trigger the serving gNB relocation. 

When an MT data arrives, the NGC UP sends a notification message to the NGC CP. The NGC CP then sends an NG2-paging to all the gNB in the list of RTAs of the UE, see Figure 2. The gNBs then page the UE over the air. Upon receiving the paging message, the UE proceeds with random acces procedure to respond paging. If the UE initiates the paging response at a gNB other than the serving gNB, the serving gNB initiates an serving gNB relocation. After the relocation is done, the NGC-UP forwards the UE data to the new serving G-NB. This way, data buffering and data forwarding is not required by the old serving gNB.

It is worthwhile to note that whether the paging is initiated from the RAN or the CN is transparent to the UE if the UE ID included in the paging is the same in both cases and the UE responds to the paging message in the same way in both cases.
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Figure 2: Potential CN initiated paging in the " RRC_INACTIVE "

2.3
Performance comparison of both approaches

We compare the performance of both the above approaches using signalling overhead and latency. Let M and N denotes the number of cells and gNBs per UE’s list of RTAs. The paging load in the RAN initiated paging is M messages (over radio) + (N-1) messages (over NG4). It is M messages (over radio) + (N+3) messages (over NG2) + 3 message (over NG6) in the CN initiated paging where we added also the two NG2 and two NG6 messages that are required to make the NGC CP and NGC UP be aware that the UE is in the “RRC_INACTIVE”. Thus, if M = 1 and N = 1, i.e. the paging area is restricted to a single cell, the paging load in the RAN initiated paging is 87.5% less than the paging load in the CN initiated paging (1 message vs 8 messages). However, if let say M = 3*19 and N = 19, the percentage of paging signalling reduction is only 8.5 % (75 vs 82 messages). This indicates, the paging load reduction in the RAN initiated paging is only significant when the paging area is small. 

The RAN initiated paging also requires data buffering in the anchor gNB and data forwarding across the NG4 interface during MT transaction and when the RRC connection is reactivated from a gNB other than the anchor gNB. This would be a significant drawback if the UE is moving in a network with restricted NG4 interfaces.

On the other hand, the RAN initiated paging has lower latency than the NGC CP initiated paging. Here, we are referring to the time interval from the arrival of the first MT packet in the NGC UP until it is received by the UE. It should be noted, however, the delay due to DRX might be a rather significant component of such latency. Thus, the additional delay due to the use of CN initiated paging might not be significant if the DRX of the UE is large. 

Based on the above discussions, we make the following proposals.

Proposal 1: Both the RAN initiated and the CN initiated paging should be supported in the “RRC_INACTIVE”. This should be done in a transparent manner to the UE. 

Proposal 2: Both the RAN controlled and hybrid CN/RAN controlled location tracking should be supported in the “RRC_INACTIVE”. This should be done in a transparent manner to the UE.

3
Conclusions
In this paper we provided our view on paging, location tracking and mobility in the new state and came to following proposals:
Proposal 1: Both the RAN initiated and the CN initiated paging should be support in the “RRC_INACTIVE”. This should be done in a transparent manner to the UE. 

Proposal 2: Both the RAN controlled and hybrid CN/RAN controlled location tracking should be supported in the “RRC_INACTIVE”. This should be done in a transparent manner to the UE.

Proposal 3: We propose some corresponding modifications to the RAN3 TR [4] as presented in the annex.

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] R3-162465, Paging and Mobility in Light Connected Mode 
Annex A
6.2
RAN functions description
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 New RAN to support network slicing
-
Tight Interworking with E-UTRA

-
This function enables tight interworking between NR and E-UTRA by means of data flow aggregation. This function includes at least dual connectivity. Interworking with 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.
-
E-UTRA-NR handover through a New RAN interface

-
This function provides means for E-UTRA-NR handover via the direct interface between an eLTE eNB and a gNB.

-
Session Management
-
This function provides means for the NGC to create/modify/release a context in the New RAN associated with a particular PDU session of a UE and the corresponding tunnel between the eNB and the UPGW.
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 or in CN. 

Editor’s Note:
 Work on inactive mode in RAN3 is on hold until respective input is provided from RAN2 or concept work on the WI on "Signalling reduction to enable light connection for LTE" is regarded to be sufficiently mature to be examined for applicability for 5G.

-
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).

-
E-UTRA - NR handover via CN

-
This function provides means for E-UTRA - NR handover via CN.
Note: Support of the E-UTRA - NR HO via CN change (EPC<->NGC) 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

-
E-UTRA-NR inactive mode mobility using a direct interface between an eLTE eNB and a gNB.

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

Editor’s Note:
This approach is pending discussions on “light connection” and respective discussions on paging.

Editor’s Note:
Local Breakout enables UE traffic to breakout locally to the Local Network without traversing a centralised mobile operator’s core network. Whether Local breakout is a RAN function is pending SA2 decision.
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