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1. Introduction: Understanding RAN’s RRC inactive mode
In the context of 5G NR, RAN2 has discussed the introduction of an RRC state that allows the UE to move across cells within a RAN paging area without the need to update the connection, i.e. without the need of performing handover. This state is normally referred to as RRC inactive mode in RAN WGs. 

The following are likely characteristics of the RAN design:

· When the UE is in RRC Inactive mode, it is in NAS ECM Connected mode. 

· The UE can move within a “RAN paging area” determined by a (list of) RAN ID(s). This is provided by the eNB, and it assumed the UE is reachable for RAN paging within that area. 

· RAN paging is a reliable procedure, i.e., the anchor RAN node performs RAN paging retransmission and would only declare RAN paging failure after enough tries to assume the UE is either OOC or has moved outside the RAN paging area.

Now, one aspect that needs to be specified is the UE behaviour when it moves outside the assigned “RAN paging area”. 

Since the UE is in ECM connected mode as far as the core network is concerned, and the UE becomes unreachable for RAN paging when the UE steps out of the “RAN paging area”, the more logical approach is that the UE initiates signalling towards the network to update its location and its state. 

There are two potential approaches from system point of view:

1. The UE performs TAU. This approach would not be consistent with NAS state at the CN, as the UE is ECM connected, and would be performing TAU while not changing TAI and in connected mode.

2. The UE performs RRC connection reestablishment, the target RAN node retrieves the UE context from the source RAN node. If there’s no RAN interface between the target RAN node and the source RAN node, the UE context retrieval may be CN assisted. This would look like a handover from CN point of view, which is consistent with the UE ECM state, i.e. ECM Connected Mode.

In both cases, once the RRC connection reestablishment is completed, the target RAN node may keep the UE in RRC connected mode or move to RRC inactive mode with an updated “RAN paging area”.

Therefore, the following principles should apply:

	Principle 1: The UE is always normally reachable for RAN paging while in RRC Inactive mode, while in the “RAN paging area”. 

	Principle 2: If the UE performs cell reselection to a cell that is not in the “RAN paging area” it initiates an RRC procedure (e.g. RRC connection reestablishment) that would produce to move the connection to a new RAN node. 

	Principle 3: The UE does not leave ECM Connected mode as far as the CN is concerned during the procedure of Principle 2, i.e. this procedure looks like a UE handover to CN.


With those principles in mind, the following observations regarding RAN paging can be made: 

	RAN paging failure can occur in two different scenarios:

· Scenario 1: The UE is Out of Coverage. 
· Given RAN paging reliability assumption, this scenario is as infrequent as RLF in RRC connected mode. Note that CN paging does not actually help in this scenario as a UE that is OOC would not receive CN paging either. 
· The RAN will declare RAN paging failure and release the N2 connection moving the UE to ECM IDLE. 
· It is assumed that RAN design will allow the UE in RRC Inactive mode to detect OOC (by missing RAN paging for certain time) and perform RRC recovery procedure (equivalent to RLF recovery for ECM connected mode) when back in coverage.
· Scenario 2: The UE moves outside the “RAN paging area” at the moment the serving RAN node receives DL data. This is equivalent to the UE performing forward handover when DL data is received by RAN node. The UE will initiate a forward handover procedure, and the source RAN node can perform data forwarding to the target RAN node. Note that this race condition event is rare and quickly resolved as the UE immediately starts handover procedure when moving outside the “RAN paging area”. CN paging is not necessary in this scenario.


With the considerations from above the following conclusion can be reached:

	Conclusion 1: CN paging is not necessary as fallback in case of RAN paging failure, as the UE always re-establishes the connection when it becomes not reachable for RAN paging, and data forwarding can be used if necessary.


2.
Solution Proposal for TR 23.799

In this Section we propose a Solution to be captured in TR 23.799 in line with the understanding above.

First Change

6.3.X
Solution 3.X: Solution for System aspects of UE RRC Inactive mode
6.3.X.1
Description
This Solution provides and end-to-end view of the UE and RAN behaviour while the UE is in UE RRC Inactive mode, including set up of UE RRC Inactive, UE behaviour during mobility, and MT data handling (RAN paging).

The solution is based on the following understanding of the RAN aspects of RRC Inactive mode:
-
RRC Inactive mode is established using RRC Signalling between UE and the serving RAN node, while the UE is in ECM Connected mode at NAS. 

-
When the UE is moved to RRC Inactive, it receives a “RAN paging area” from the serving RAN node, i.e. a (list of) RAN ID(s) that constitute the RAN paging area. Each cell broadcasts (at least) a RAN ID.

-
The UE monitors RAN paging, without need for any UE initiated RRC signalling while the UE is in the RAN paging area and in RRC Inactive mode. 

-
The UE is considered always reachable for RAN paging while in RRC Inactive mode (barring error cases).
-
When the UE performs cell reselection in RRC Inactive mode, it checks whether it is still within the RAN paging area, i.e. it checks the RAN ID broadcasted by the RAN node and whether it is part of the RAN paging area:

-
If the UE is still within the RAN paging area, it camps on the new cell and monitors RAN paging without any RRC signalling. 

-
If the UE identifies it has selected a cell outside the RAN paging area it initiates an RRC procedure (e.g. RRC connection reestablishment) that would produce to move the connection to a new RAN node.
-
Handling of error cases:

-
If the UE becomes unreachable for RAN paging due to out of coverage for a period of time, the UE will discover the situation and proceed to perform RRC recovery procedure  (equivalent of RLF recovery for ECM connected mode), i.e. initiate RRC connection reestablishment or in case of failure NAS recovery. 
-
If RAN paging fails, the RAN node releases the N2 connection, moving the UE to ECM IDLE. Note that this is as infrequent an event as RLF requiring NAS recovery.
Given the understanding above, the following system behaviour is proposed for each RRC procedure.
Establishing RRC Inactive mode: 
-
The establishment of RRC Inactive mode is performed between UE and RAN node while the UE is ECM connected mode at NAS. The UE remains in ECM Connected mode, and the signalling/data paths towards the RAN node for the UE remain active, i.e. the state of NG2 and NG3 is unchanged. 

NOTE:
It is FFS whether the RAN node needs to notify the CN of expected delay in UE due to e.g. long C-DRX while the UE is in RRC Inactive mode.
Cell reselection within the RAN paging area:
-
When the UE performs cell reselection while in RRC Inactive mode within the RAN paging area, the network is not notified. Therefore, this is transparent to the Core Network.
Cell reselection outside the RAN paging area:

-
The UE performs RRC connection reestablishment to initiate forward handover from RRC inactive mode

-
The target RAN node retrieves the UE context from the source RAN node. 

-
If there is no RAN interface between the target RAN node and the source RAN node, the UE context retrieval may be CN assisted. 

-
The procedure towards the CN is equivalent to a forward handover, which is consistent with the UE ECM state, i.e. ECM Connected Mode, to move the end point of NG2 and NG3 to the target RAN node.
-
Once the RRC connection reestablishment/forward handover is completed, the target RAN node may keep the UE in RRC connected mode or move to RRC inactive mode with an updated RAN paging area.
-
If the source RAN node received downlink data and the UE initiates RRC connection reestablishment/handover procedure, data forwarding from source RAN node to target RAN node applies (same as for regular ECM connected mode handover).
Figure 6.3.X.1-1 provides a call flow for RRC Inactive mode establishment, and handling of mobility outside the RAN paging area. In the example from the figure, it is assumed that RAN node 2 is not in the RAN paging area assigned to the UE by RAN node 1. It is also assumed that RAN node 1 and 2 belong to the same tracking area. In case tracking area update is needed, this can be performed after the procedure in the call flow is completed.
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Figure 6.3.X.1-1: RRC inactive mode mobility handling
1.
Regular RRC connection establishment via RAN node 1 and UE registration. The UE stays in RRC and CN connected mode. During N2 set-up, the CN may provide assistance to RAN node regarding RRC Inactive mode, e.g. whether it is allowed, specific DRX parameters, etc.

NOTE: The need and possible details of possible CN assistance for RRC Idle mode are to be determined during normative phase.
2.
RRC procedure between the RAN node 1 and UE to move the UE to RRC Inactive mode. The UE receives from RAN node 1 a "RAN paging area", The UE maintains its CN connected mode state, NG2 and NG3 reference points still terminate in RAN node 1.
NOTE:
The details of RRC Inactive mode activation are to be determined by RAN WGs. 

3.
The UE selects RAN node 2, which is outside the RAN paging area.
4.
This triggers the UE to initiate an RRC procedure to update the network on its new location, i.e. the UE initiates RRC connection reestablishment request.
A: Xn-based solution: Applies if the RAN node 2 and RAN node 1 have Xn connectivity.
A.5.
RAN node 2 sends UE context request to RAN node 1.

A.6.
RAN node 1 provides RAN node 2 with UE context.

A.7. 
RAN node 2 completes RRC connection reestablishment with the UE. During this procedure the RAN node 2 decides whether to keep UE in RRC connected mode or RRC inactive mode.
A.8.
RAN node 2 sends Path Switch Request to CP function.

A.9/10.
Modify PDU session request is performed between CP function and UP function to move NG3 termination to RAN node 2.

A11.
CP function sends RRC Path Switch Request ACK to RAN node 2. NG2 now terminates at RAN node 2.

A11.
RAN node 2 requests RAN node 1 to release UE context.

If the RAN node 1 received any DL data before NG3 termination was moved to RAN node 2, direct forwarding can be performed via Xn interface.

B:
NG2 based solution: Applies if the RAN node 2 and RAN node 1 do not have Xn connectivity. 
B5.
If RAN node 2 determines UE context cannot be retrieved directly via Xn, it sends FWD Handover Request message to CP function in the CN, with UE context request message as payload.
B6.
The CP function sends RAN node 1 a FWD Handover request, forwarding the UE content request message. 
B7.
RAN node 1 replies with FWD Handover ACK message with UE context response as payload. 

B8.
The CP functions sends to RAN node 2 a FWD Handover Response message with the UE context received from RAN node 1.
B9/B10.
The CP function and UP function may set-up indirect data forwarding.

B11.
RAN node 2 completes the RRC connection reestablishment procedure towards the UE. During this procedure the RAN node 2 decides whether to keep UE in RRC connected mode or RRC inactive mode.
B12.
RAN node 2 sends FWD handover complete message to CP function in CN. 

B13/14.
Modify PDU session procedure between CP function and UP function to move NG3 termination to RAN node 2. 
B13.
CP functions sends UE context release message to RAN node 1. 
If the RAN node 1 received any DL data before NG3 termination was moved to RAN node 2, indirect forwarding can be performed via UP function in the CN.
6.3.X.2
Solution evaluation

This solution provides a means for the UE to maintain its ECM connected mode in the CN while moving across different RAN paging areas, allowing the UE to always be reachable via RAN paging while in RRC Inactive mode. 

Next Change

8.3
Interim Agreements on Key Issue #3: Mobility management
Interim agreements for CN/NAS state model on Key issue #3 Mobility Management are as follows:

1.
A single MM state model shall be specified consisting of

-
An MM De-registered state, in which the UE is not attached to the network; and

-
An MM Registered state, in which the UE is attached to the network. While MM Registered, the UE may be either:
-
in a CN Idle state, in which the UE may only be tracked at CN location area level and may achieve at least a comparable power efficiency to that of LTE's ECM IDLE state; or

-
in a CN Connected state, in which the UE location is known on the level of the serving RAN node.
2.
NextGen Core shall be able to optimize the MM procedures of a UE within the single MM state model.

3.
RAN2 is expected to define means for a UE in MM Registered CN Connected state not transmitting or receiving data to achieve a comparable power efficiency to that of a UE in CN Idle state.

4.
The network shall be able to control whether a UE in MM Registered/CN Connected state uses handover or cell reselection.
5.
UE and core network shall at least support tracking area list as registration area.
Interim agreements for mobility on demand are as follows:

Interim agreements for mobility on demand aspects related to mobility restrictions are as follows:
1.
The subscription data may include information which can be used to determine the UE mobility restrictions.
2.
UE mobility restrictionsare determined by core network based on information such as UE subscription, UE capabilities, UE location, and/or network policies.
Editor's note:
What UE capabilities, if any, that are used to determine UE mobility restrictions is FFS.
3.
UE mobility restrictionscan be changed due to, e.g., subscription, location, and/or policy change. In addition, UE mobility restrictions can be updated during a mobility management procedure.
4.
Mobility pattern a.k.a mobility level need not be defined as a parameter that is signaled via standardized interface.
5.
The mobility pattern is a concept used by the core network to characterize the expected UE mobility.
6.
The core network can determine mobility pattern based on following information, e.g.:
A.
UE subscription, e.g. the size of mobility restriction area;
B.
Network policies, e.g. the criteria to quantify mobility pattern;
C.
Statistic UE mobility information, e.g. historical/predictable UE moving trajectory; and/or
D.
UE assisted mobility information, including UE location, UE capabilities, etc.
7.
UE mobility pattern can be used by the core network as an input to optimize mobility support provided to the UE, e.g.:
A.
Optimizing the allocating CN registration area list;
B.
Optimizing UE mobility restriction area provided to the UE (if mobility restrictions to be applied for the UE);
C.
Selecting UP functions;
D.
Determining whether to keep the UE in CN_CONNECTED mode;
E.
Determining the CN assisted information to help RAN level paging.
Editor's note:
The details of the CN assistance for RAN paging will be developed in coordination with the RAN WGs
Editor's note:
If per-Node level NG3 tunnel is supported, it is FFS whether UE mobility pattern needs to be considered to determine the tunnel type, i.e. per-Node or per-Session tunnel.
Interim agreements for mobility restrictions are as follows:
1.
For the mobility restriction "area" aspects, the following applies:

A.
The core network may configure an "allowed area", "non-allowed area" and "forbidden area" to a UE. At least a granularity of these areas per the TA level is to be supported.
Editor's note:
Whether finer granularity than per TA level is to be supported is FFS.

B.
In an "allowed area", the UE is permitted to initiate communication (using CP and UP) with the network as allowed by the subscription.
Editor's note:
How allowed area relates to the core network registration area is FFS.
C.
In a "forbidden area", the UE is not permitted to initiate any (neither CP nor UP) communication with the network.
Editor's note:
Whether the UE will respond to core network paging is FFS.
D.
In a "non-allowed area" the UE is not allowed to initiate Service Request or SM signalling to obtain user services, but even in "non-allowed" area, the UE will perform periodic registration update signalling (due to periodic registration update timer expiration) and regular registration update (due to mobility outside of the TAI list).
Editor's note:
Whether the UE will respond to core network paging is FFS.
NOTE 1:
How to minimize registration updates due to mobility within a "non-allowed area" is to be determined during normative phase.
E.
If the UE has been provided with overlapping areas then the following applies for the UE logic:
1.
The evaluation of forbidden area has precedence over the evaluation of allowed area and the non-allowed area.
2.
The evaluation of non-allowed area has precedence over the evaluation of allowed area.
F.
A UE accessing the network for regulatory prioritized services like Emergency services and MPS overrides any "non-allowed area" and "forbidden area" restrictions.
2.
It has been agreed to specify a geographic subscription parameter to restrict the (service) area within which a UE (e.g. for fixed access) may obtain services from the network.
Interim agreements for reachability and MO only are as follows:
1.
Based on UE indicated preferences, UE subscription data and network policies, or any combination of them, the NG CN determines whether MO only mode is applied for the UE and indicates it to the UE during registration signaling. The UE and core network re-initiates (or exits) the MO only mode at subsequent registration signalling.

2.
A UE in MO only mode is characterized by the UE performing periodic registration (with potentially a very long periodic registration timer), but not listening to CN paging.

NOTE 2:
Even for periodic registration the UE needs to ensure that the UE is properly registered.

3.
The core network does not attempt to page a UE in MO only mode and hence the UE is only reachable from the core network when the UE initiates communication during the time the UE stays in CN connected mode.

Editor's note:
For a UE in CN idle, it is FFS whether MT data is stored/buffered in the core network, and whether additional functionality e.g. equivalent to an active time is required.

4.
For a UE in MO only mode the core network determines the frequency of periodic registration.

NOTE 3 :
The network may need to track the device e.g. due to the need to track a stolen UE. The UE behavior and configuration from the network when tracking is needed is FFS.
Interim agreements for Mobility Management Parameters and their usage:
1.
Table 8.3-1 shows a guidance on what Mobility Management parameters are to be specified, how they are determined, used and by which entity.

Table 8.3-1
	Parameter Name
	Content
	Example Possible values (*)
	How/Where is used, who provides value and which procedures are affected by parameter (*)

	Mobility Pattern

(a.k.a. UE Mobility Level in some solutions)
	Expected UE mobility. 
	-
TBD
	-
Provided by:

-
Subscription assisted (e.g. via Mobility Restriction), Policy Function assisted, optionally UE assisted, Statistics captured in CN.

-
Used in:

-
Any decision where mobility pattern might be useful.

-
Affects triggering of procedure:

-
FFS.

	UE Mobility Restriction 
	Defines different types of allowed communication per area.
	-
Allowed: Signaling/Data

-
Non-allowed: MM Signaling only without Service Request. EMC and MPS is allowed.

-
Forbidden: only EMC and MPS is allowed.
	-
Provided by:

-
CN to UE and RAN in connected mode.

-
Input possible from SDM and possibly adjusted by NG PCF

-
Used in:

-
UE to apply allowed type of communication

-
CN and RAN to enforce.

-
Affects triggering of procedure:

-
Service request and SM signaling,

-
MM signaling.

	UE Reachability

(Paging and idle mode parameters, MO only)
	When, Where and How the UE needs to become reachable for MT data or NW originated CP procedures.
	-
When: Paging windows, No UE reachability (MO only).
	-
Provided by:

-
UE may indicate preference, CN provides to UE and RAN final values

-
Used in:

-
UE, CN and RAN.

-
Affects triggering of procedure:

-
Regular TAU.

-
Paging

	UE Registration Keep-Alive Timer – Periodic TAU.
	Timer for UE to update registration if no signaling has occurred.
	-
0 (no need for keep-alive) to months?
	-
Provided by:

-
CN to UE (UE may request preference)

-
Used by:

-
UE to trigger registration keep-alive.

-
CN to implicitly detach after safeguard time

-
Affects triggering of procedure:

-
Periodic TAU.

	(*):
These columns are meant as guidance and to reach a common understanding. The detailed interim agreements of each parameter are captured separately in this section.


Interim agreements on paging area management:

1. Depending on MM state, CN paging or RAN paging may be used.
-
CN paging is used when the UE is in CN IDLE mode.

-
RAN paging is used when the UE is in CN CONNECTED mode and RRC Inactive mode.
2.
At least for CN paging, existing Tracking Area concept should be baseline of NG system.

Editor's note:
The applicability of cell list for CN paging area handling is FFS.

3.
For RAN paging, CN may provide assistance information to AN during establishment of NG2.
4. The RAN paging area is assumed to be provided to the UE by the serving RAN node and is transparent to CN. 

5. Mobility of the UE outside the RAN paging area triggers connected mode mobility procedure towards the CN to redirect the NG2/NG3 termination to target RAN node.

NOTE: 
The core network aspects of RAN paging and RRC Inactive mode apply only if RAN WGs define the RAN aspects. The detailed RAN procedures for RAN paging are RAN WG decision
Interim agreements for UE reachability management are as follows:


1.
Upon successful registration, the network may keep the UE in CN-CONNECTED mode.
2.
The NW decides on which mobility procedure (e.g. paging) should be used or not based on received preferences from the UE on requested features, and also based on subscription and local policy.
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