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Abstract of the contribution:
This contribution discusses the scenarios of RAN paging failure and clarify the need for CN paging. 
1
Introduction
In RRC_INACTIVE, the last serving NG-RAN node keeps the UE context and the UE-associated NG connection with the serving AMF and UPF. If the last serving NG-RAN node receives DL data from the UPF or DL signalling from the AMF while the UE is in RRC_INACTIVE, it pages in the cells corresponding to the RAN-based notification area (RNA) and may send Xn-AP RAN Paging to neighbour NG-RAN node(s) if the RNA includes cells of neighbour NG-RAN node(s). Obviously, this mechanism is based on the assumption that Xn should be available in RNA, otherwise, RAN paging failure could happen in some scenarios. 
The UE is expected to notify the network if it moves out of the configured RNA. However, this cannot cover all potential cases, and the RAN paging failure could cause problems on MT signalling handling. And there is an EN in section 5.3.3.2.5 of TS 23.501:

Editor's note:
How to handle the case of persistent RAN paging failure, e.g. whether to release the N2 connection and notify the AMF so that the AMF shall enter CM-IDLE state is FFS.
This paper attempts to evaluate the scenarios that multiple gNBs are not connected by Xn and clarify the need for CN paging. Based on that it is proposed to fall back to CN paging upon RAN paging failure.
2
Discussion
As per TS 38.300, RAN-based notification area (RNA) covers a single or multiple cells. Also from below text in TS 23.501, the RNA can include all cells in the UE’s Registration Area (RA) allocated by the AMF:

"A UE in RRC Inactive state is paged in cells of the RAN Paging Area that is assigned to the UEs . The RAN Paging Area can be a subset of cells configured in UE's Registration Area or all cells configured in the UE's Registration Area. UE in RRC Inactive state performs Paging Area Update when entering a cell that is not part of the RAN Paging Area that is assigned to the UE."

Hence it is a valid case that a gNB in the RNA has no Xn connected to the serving gNB. If the UE is allocated a RNA that spans across gNBs not connected by Xn, then a moving from one gNB to another gNB while within the same RNA in RRC_INACTIVE state will not be known to the target gNB. In such a case when a downlink data / signaling is received at the serving gNB, it will initiate paging and if the paging fails it cannot forward the paging to other gNBs as there is no Xn connectivity.
RAN paging failure will happen if the UE camps on the area of a gNB without Xn interface with old serving gNB (see Figure 1). Hence, in case of there are multiple gNBs in RNA are not connected by Xn, there are three options for the serving RAN node to handle and the evaluation on them can be summarized in below Table 1.
Table 1
	Option
	Pros
	Cons

	Option#1: RAN does not enable RRC Inactive state if RNA spans across gNB without Xn. 
	Easy handling
	Could not gain from RRC inactive state if the UE has frequent CM state transition

	Option#2: Allocate smaller RNA to make sure all gNBs in the RNA have Xn to the serving gNB

	Successful RAN paging can be guaranteed within the RNA as far as possible
	The smaller RNA will more likely cause frequent inter-gNB mobility (i.e. performing Paging Area Update), during which more RRC/Xn/N2 signalling load will be created and make the UE battery drain

	Option#3: Relying on CN for reaching UE
	Successful RAN paging can be guaranteed within the whole RA as far as possible
	More N2 signalling load will be created
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Figure 1. UE camps on a gNB without Xn interface with old serving gNB
We are totally fine to adopt Option 1 for this case. 
For Option 2, even all gNBs in the RNA are connected via Xn, the RAN paging could still fail in some cases, e.g. in below typical case:
· It is assumed that access barring in RRC Inactive state will be applicable as protection of the network from overload needs to be ensured. The UE will move to CM-IDLE mode and initiate a mobility registration update procedure but it cannot be initiated due to e.g. access barring in the current new cell.

· Whether RRC Inactive support is homogenous or non-homogenous is still under discussion in RAN2. In case it is non-homogenous then if the UE in RRC inactive state moves out the current RNA and enters a cell served by a gNB which does not support RRC inactive.
In the above case, the RAN paging will finally fail (even after several paging retry) and the serving gNB needs to notify the AMF the RAN paging failure and the AMF shall move the UE to CM-IDLE state. Then Option 3 is needed here. Note that even the UE is expected to have a periodic RAN paging area update with lesser or equal to the periodic mobility registration update timer and the UE will try to notify the network once moves out of the current RNA, the above case cannot be covered.
Then how to implement Option 3, there are two solutions to widen the paging area:
Solution 1: to define a new RAN Paging Relay via the core network procedure (S2-174808) [1]
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Figure 2. RAN Paging Relay via the core network
Description: Old serving RAN sends the N2 Paging message to the AMF and requests the serving AMF to relay the N2 Paging message to the relevant RAN nodes that are in the UE’s Registration Area. RAN provides in the Paging Relay Request UE’s Registration Area assumed to be known in the RAN to ensure that RAN, when paging via Xn, does not page outside UE’s registration area. The AMF that receives the NGAP(NG Application Protocol) Relay Paging Request message, relays the NGAP Paging message toward the relevant RAN nodes according to the Paging scope information, in a multi-cast manner.
Several drawbacks of this solution can be identified:

· As per S2-174808, if the serving RAN node directly perform the CN Relay paging without trying RAN paging, i.e. the serving RAN node includes all the cell IDs / TAs contained in the RAN Paging Area to the serving AMF for relaying the paging to RAN without considering whether some of the cell ids / TAs have Xn with the serving RAN node or not. It will create huge unnecessary N2 signaling in case of the UE could be paged by RAN paging. This will make the CN relay paging is redundant and create huge N2 signaling due to it works in a multi-cast manner.
· It cannot cover a typical scenario mentioned above, i.e. the UE will move to CM-IDLE mode and initiate a mobility registration update procedure but it cannot be initiated due to e.g. access barring in the current new cell.
Solution 2: Fallback to CN paging
This solution typically used in case of the serving RAN node decided to perform the RAN paging but finally the RAN paging fails. However, based on the local policies, the serving RAN node can directly request to fall back to CN paging, e.g. when there are cells served by a gNB without Xn interface in the RNA. For simplicity, Figure 3 and solution description for RAN paging failure case is provided below.
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Figure 3. Fall back to CN paging upon RAN paging failure

Description: The serving RAN node first pages the UE within RAN paging area (RNA) through RAN paging. If paging fails, the old serving RAN node initiates the N2 UE context release procedure towards the Serving AMF, providing a RAN paging failure cause code and paging information (Paged scope, e.g. the cell / TA list information of the areas already paged by the RAN) in the N2 UE context release message. The AMF releases the N2 UE context, moves the UE to the CM-IDLE state and initiates the CN paging according to the paging information provided by the serving RAN node. AMF could utilize this information to avoid repeated paging. Note that unlike Solution 1, here the AMF does not relay the RAN paging but fallback to legacy CN paging. This solution also does not depend on any new N2 procedure. It reuses the existing N2 UE context release procedure with minor modifications.
This method could avoid the N2 signaling load in case of the UE can be paged by RAN paging. It could cover all the scenarios mentions above as the AMF could widen the paging area beyond the RNA. Also the AMF could avoid the repeated paging based on the already paged information provided by the serving RAN node. So far no big drawback of this solution can be identified.
3
Proposal

Based on the discussion and evaluation given in section 2, it proposes:

Proposal#1: Option 3 is needed even if all gNBs in the RNA have Xn connected to the serving gNB.

Proposal#2: In case of persistent RAN paging failure, the RAN notifies the AMF so that the AMF shall move the UE to CM-IDLE state and initiates the CN paging.
2. Proposed text to TS 23.501

                  ***    First Change   ***
5.3.3.2.5
CM-CONNECTED with RRC Inactive state

RRC Inactive state applies to NG-RAN (i.e. it applies to NR and E-UTRA connected to 5G CN).

The AMF, based on network configuration may provide assistance information to the NG RAN, to assist the NG RAN's decision whether the UE can be sent to RRC Inactive state.

Editor's note:
It is FFS if the UE provides indication of support for RRC inactive state on NAS or AS layer.

The "RRC Inactive assistance information" includes:

-
UE specific DRX values.

-
the Registration Area provided to the UE;
-
Periodic Registration Update timer

-
If the AMF has enabled MICO mode for the UE, an indication that the UE is in MICO mode.
The CN assistance information mentioned above is provided by the AMF during N2 activation with the (new) serving NG RAN node (i.e. during Registration, service request, handover) to assist the NG RAN's decision whether the UE can be sent to RRC Inactive state. RRC Inactive is part of RRC state machine, and it is up to the RAN to determine the conditions to enter RRC Inactive state.
Editor's note:
The mechanism to update the CN assistance info to RAN while the UE is CM-CONNECTED e.g. to update the TAI-list is FFS, but it is assumed that protocol functions are available that allow the update of UE Context data at RAN.

When the UE is in CM-CONNECTED state, if the AMF has provided RRC Inactive assistance information, the RAN node may decide to move a UE to CM-CONNECTED with RRC Inactive state.
The state of the N2 and N3 reference points are not changed by the UE entering CM-CONNECTED with RRC Inactive state. A UE in RRC inactive state is aware of the RAN notification area.
The 5GC network is not aware of the UE transitions between CM-CONNECTED with RRC Connected and CM-CONNECTED with RRC Inactive state.
Editor's note:
It is FFS if CN needs to receive notifications from RAN that may be related to RRC state transitions (e.g. related to location accuracy, reachability, etc.). The need for such notifications is to be discussed on case by case basis.

At transition into CM-CONNECTED with RRC Inactive state, the UE applies with a periodic RAN-based Location Area update timer value and the timer is restarted in the UE and in the RAN as defined in TS 38.300 [27].

Editor's note:
The value of the periodic RAN area update timer will be defined together with RAN WGs.

If the periodic RAN-based Location Area update timer expires in RAN, the RAN shall start an RRC release timer. If the RRC release timer expires, the RAN shall notify the AMF and the AMF shall enter CM-IDLE state.

When the UE is in CM- CONNECTED with RRC inactive state, the UE is expected to perform PLMN selection procedures as defined in TS 23.122 [17] for CM-IDLE.

Editor's note:
CT1 will confirm the requirement and details of PLMN selection in RRC-INACTIVE state.
When the UE is CM-CONNECTED with RRC Inactive state, the UE may resume the RRC connection due to:

-
Uplink data pending;

-
Mobile initiated signalling procedure (e.g. periodic registration update);

-
As a response to RAN paging;

-
Notifying the network that it has left the RAN Paging area;

-
Upon periodic RAN update timer expiration.

If the UE resumes the connection in a different NG-RAN node within the same PLMN, the UE AS context is retrieved from the old NG RAN node and a procedure is triggered towards the CN (see TS 23.502 [3]).
In case of persistent RAN paging failure, the RAN shall initiate the N2 UE context release procedure towards the AMF, providing the RAN paging failure cause code and the paged scope information containing the cell / TA list that was last paged by the RAN, so that the AMF moves the UE to CM-IDLE state and initiates the CN paging.

Editor's note:
Whether and how access control/barring applies for UE in CM-CONNECTED with RRC Inactive state is FFS.

If a UE is in CM-CONNECTED with RRC Inactive state performs cell selection to GERAN/UTRAN/EPS, it shall follow idle mode procedures.

Editor's note:
The handling of mobility from NR to E-UTRAN connected in EPC, in RRC Inactive state in RAN is FFS.

In addition, a UE in CM-CONNECTED state with RRC Inactive state shall enter CM-IDLE mode and follow relevant NAS procedure in the following cases:

-
If RRC resume procedure fails,

If the UE receives Core Network paging,

-
If the periodic RAN-based Location Area update timer expires and the UE cannot successfully resume the RRC connection.
-
in any other failure scenario that cannot be resolved in RRC Inactive mode and requires the UE to move to CM-IDLE mode.

Editor's note:
How to handle UE location accuracy when the UE is in CM-CONNECTED with RRC Inactive state is FFS.
*** End of the Changes ***
References

[1] S2-174808. RRC Inactive state – new procedures in TS 23.502. 3GPP SA2#122, June 2017.
3GPP

SA WG2 TD


_1551859954.vsd
Serving RAN node


Non Serving RAN node Without Xn to Serving RAN node


...


Serving AMF


2. N2 Relay Paging Request


3. AMF determines the RAN nodes for the paging relay.


1. RAN Decides to relay paging via the AMF.


4. Paging



_1564232250.vsd

