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Abstract of the contribution: This contribution analyses the System impacts of RRC inactive mode feature, and proposes a way forward on the system architecture aspects. 
1.
Introduction
1.1
Agreements in RAN2 for RRC inactive mode
The following agreements have been reached in RAN2 regarding RRC inactive as captured in the Draft Report of 3GPP TSG RAN WG2 meeting #96, Section 9.2.2.1 “Inactive state” (to be approved at RAN2#97). 
Agreements

1
DL data in response to UL data should be considered in the development of solution A and B for UL data (2 email discussions above)

2
Study direct downlink data transmission not in response to any UL activity in RRC_INACTIVE without entering to full connected state. This study is a second priority compared to the study of UL data in inactive.

Agreement

1.
RAN2 assumes that UE performs CN level location update when crossing a TA boundary when in inactive (in addition to RAN updates based on RAN areas). 

2. There will be NG Core/CN Location Area code (similar to Tracking Area code) broadcast in system information of an NR Cell.
Agreement

1. RAN based notification area is UE-specific and configurable by the gNB via dedicated signalling

2 There will be a unique global Cell ID broadcast in system information of NR Cell.

Agreements

1
For the inactive state there will be a way to configure the UE with a RAN based notification area that is smaller than a TA.

2
A RAN notification area can cover a single cell or multiple cells

Agreements

1: A UE in the NR IDLE state can perform re-selection to another RAT (entering the IDLE state in that RAT).

2: A UE in the NR INACTIVE state can perform re-selection to another RAT (at least in some cases (GERAN, UTRAN, legacy LTE connected to EPC) the UE enters the IDLE state in that RAT).

FFS target state in the case that LTE is connected to NG Core

1.2
Observations from System architecture perspective
1.2.1 General

The following are agreements regarding RRC Inactive mode / RAN paging from TS 23.799 Section:

…

3.
For RAN paging CN may provide assistance information to AN.

NOTE 4b:
The necessity and the detailed procedure of RAN paging is RAN WG decision.
…

1.
The RAN-level paging maybe triggered by RAN while UE is in CN-CONNECTED mode.
…

4.
The UE reachability detection may be managed by RAN while UE is in CN-CONNECTED mode. When the UE is detected as unreachable at the RAN, the RAN notifies that to the CN.
NOTE 5:
How to do the RAN level reachability detection and notify to the CN in case of UE is unreachable is to be decided by the RAN WG.
…..

Also, to sum up RAN2 agreements (which have SA2 implications):
· The UE is provided with a “RAN notification area” a.k.a as RAN paging area. This is provided by the eNB, and it assumed the UE is reachable for RAN paging within that RAN notification area. 

· The UE performs TAU if outside the registration area (the TAI list).

It can also be assumed that 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 notification area”. 

Since the UE is in CN-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 notification 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 CN-Connected, and would be performing TAU while not changing TAI and in CN-Connected mode.

2. The UE performs RRC connection re-establishment or RAN resume, 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:

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

	RAN assumption 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/RRC resume) that would produce to move the connection to a new RAN node. 

	RAN assumption 3: The UE does not leave RRC connected mode and therefore CN-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.


1.2.2
Proposed way forward
It is clear that all agreements so far in both RAN2 and SA2 are consistent with the agreements for Light RRC connection for E-UTRAN/EPC. In fact, the goals of both E-UTRAN and NR are very similar. There is no reason not to use the light RRC connection design as baseline.

	Proposal 1: Use Light RRC connection system architecture design as starting point for System Architecture handling of RRC Inactive mode. In particular:

· UE mobility in CN-CONNECTED/RRC inactive mode looks like UE handover to core network. 

· Both RAN based (i.e. Xn based) handover and N2 based handover should due to UE mobility in CN-CONNECTED/RRC inactive mode should be described.

· The core network can enable/disable the RRC inactive mode feature.

· The core network provides RAN paging assistance information to RAN node during establishment of N2.

· The N2 association to the anchor RAN node is not affected when the RAN node moves a UE from RRC Connected to RRC inactive mode.   

Further optimizations can be done on top of this starting point.


The following is a list of possible enhancements to be considered for RRC inactive mode:
1. Handling of long DRX values : 

a. One of the goals of RAN2 for RRC inactive mode is to achieve similar power consumption as in idle mode. This means that if long DRX values are defined for idle mode, they should also be defined for CN-CONNECTED/RRC inactive mode. The CN then needs to know what the long DRX value is, as it may need to adjust NAS timers. It should also be able to provide a range of allowed RAN paging DRX values to be used during RRC inactive mode. 


	Proposal 2: The CN should provide a range of allowed DRX values for RAN paging while in RRC inactive mode. The CN should also be notified when the UE enters RRC inactive and which DRX value for RAN paging is being used.


2. Enabling/Disabling of RRC inactive mode feature:
a. The CN should be able to receive information about the use of RRC inactive mode for a specific UE. Possibilities can be:
i. UE provided preference for RRC inactive and its parameters (NAS negotiation of RRC inactive)
ii. Subscription information.
iii. Application Server request (assuming this is possible via the Network Exposure Function)
	Proposal 3: Allow NAS negotiation of RRC inactive mode enabling and its parameters.


1.2.3
Discussion on CN paging assistance

One proposal provided during study phase was to provide CN paging assistance if RAN paging fails. 

However, the following observations regarding RAN paging can be made, based on the discussion in the previous sections: 

	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. Proposed text to TS 23.501

First Change

5.2
Connection and Mobility Management

…..

5.2.X
CM-CONNECTED with RRC inactive mode
The UE may request a preference for using RRC inactive mode and parameters related to RRC inactive mode, e.g., RAN paging parameters preference.
The AMF may decide, based on the UE provided preference over NAS for RRC inactive and its parameters, network configuration and subscription information, whether to enable or disable the RRC inactive mode feature. 
If the AMF decides to enable RRC inactive mode, the MME shall indicate to the RAN node that it has enabled RRC inactive mode feature by including an RRC inactive mode assistance information whenever radio bearers are established.
The RRC inactive assistance information includes:
-
the UE ID;
-
a range of allowed DRX values for RAN paging while in RRC inactive mode. 
-
the registration area provided to the UE;
-
information regarding paging prioritization.
When the UE is in CM-CONNECTED state, if the AMF has indicated to RRC inactive mode is enabled for the UE, an NR RAN node may decide to move a UE to CM-CONNECTED with RRC inactive mode. The state of the N2 interface is not changed by the UE entering CM-CONNECTED with RAN inactive mode.

The NR (R)AN node shall notify the AMF when UE enters CN-CONNECTED with RRC inactive mode in the following case:

-
The NR (R)AN node has assigned a long DRX value for RAN paging. In that case the NR RAN node provides the DRX value that has assigned to the UE.
When the UE is CM-CONNECTED with RRC inactive mode, the UE may resume the RRC connection at any time. If the UE resumes the connection in a different (R)AN node within the same PLMN, handover procedure is triggered towards the CN.
If a UE is in CM-CONNECTED with RRC inactive mode performs cell selection to GERAN/UTRAN, it shall enter PMM-IDLE state or GPRS STANDBY state and follow idle mode procedures.

Editor’s note: The handling of mobility from NR to E-UTRAN in RRC-INACTIVE is FFS.
In addition, CM-CONNECTED with RRC inactive mode shall enter CM-IDLE mode and follow NAS recovery procedure in the following cases:
-
If the UE camps on a cell that does not indicate support for RRC-INACTIVE;
-
If RRC resume procedure fails,
-
If the UE receives paging from CN (with S-TMSI or IMSI),
-
in any other failure scenario that cannot be resolved in ECM-CONNECTED with light RRC onnection and requires the UE to move to EMC-IDLE mode.
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