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1. Introduction
In the last RAN3 meeting, the basic functionality to support the UE in the RRC-INACTIVE state was agreed. However, we need to consider another functionality to whether the core network is aware of the RRC-INACTIVE state and how the core network assists the gNB to trigger the RAN paging. In this contribution, we examine these issues and then provide our view on it.
2. Discussion

2.1. Core network (CN) awareness for RRC-INACTIVE state

In the last SA2 meeting, the SA2 discussed that from the architecture point of view, the RRC-INACTIVE state applies to NG-RAN. To this end, the SA2 considered several open issues to support the RRC-INACTIVE state from the architecture standpoint [1]. One of these open issues is whether the core network (CN) is aware of the state transition of the UE from the RRC-CONNECTED state into the RRC-INACTIVE state. 

Basically, the RRC-INACTIVE state is defined as the state in which the RRC connection can be released whereas the NG connection between the AMF and NG-RAN is kept alive. Therefore, the AMF cannot know the actual state of the UE, thus considering that the UE remains into the CM-CONNECTED state. As highlighted one below, however, the SA2 thinks that in some cases, the core network needs to know that the UE enters into the RRC-INACTIVE state as follows [1]:
	…
3) Does CN / NAS need to be aware of RRC_INACTIVE state?

- In some cases (still FFS) CN needs to be know when the UE transitions in/out of RRC_INACTIVE
- This will be discussed in case by case basis
…


This is because it may be helpful for the core network to be aware of the state transition into the RRC-INACTIVE state from the signalling amounts point of view and also the energy efficiency point of view. For example, the unnecessary NG signalling can be reduced based on the CN awareness for the RRC-INACTIVE state from the signalling amount points of view. For the UE in the RRC-INACTIVE state, the core network knows that the UE is in the CM-CONNECTED state. Therefore, if needed, the core network just triggers the UE-associated signaling message. The anchor gNB buffers this message and triggers the RAN paging. However, it is possible that the UE in the RRC-INACTIVE state does not receive this message from the anchor gNB because of RAN-initiated paging failure, or it fails to respond to the core network in time for the UE-associated signaling. When supposing that the UE accesses to the new gNB other than the anchor gNB, the UE-associated signaling message is also difficult to be sent from the anchor gNB to the new gNB. Therefore, after the anchor gNB responds to the core network the delivery failure of this message, the core network re-sends this UE-associated signaling messages to the UE via the new gNB. This causes unnecessary NG signalings. However, if the CN is aware of actual RRC state of the UE, it is possible to use this information to decide whether to trigger the UE-associated signalings to the gNB via the NG interface. The core network may hold the transmission of the UE-associated signalings until the UE in the RRC-INACTIVE state returns into the RRC-CONNECTED state by the RAN-initiated paging or it is connected to the core network via the new gNB after the Path switch procedure. Therefore, it is possible to reduce the unnecessary NG signaling from the signalling amount points of view.

Second, from the energy efficiency point of view, it may be also helpful for the core network to know that the UE enters into the RRC-INACTIVE state. As proposed in [2], the new RRC-INACTIVE state may provide UE power efficiency comparable to the CM-IDLE by supporting longer DRX. Different to the light connection in LTE which considers only the normal DRX (i.e., max DRX period is 2.56s), the longer DRX may be applicable to the RRC-INACTIVE state. Therefore, in order to properly configure the related parameters to the NG-RAN, the core network should be aware of the RRC-INACTIVE state. 
However, if the NG-RAN reports to the core network whenever the RRC state of the UE is changed, it seems to increase the signalling interaction between the NG-RAN and CN. Therefore, based on local policy, the communication latency for the UE in RRC-INACTIVE state, and so on, the core network should be selectively aware of the RRC state for the UE.
Proposal 1: The core network should selectively request the report of state change depending on local policy and also the communication latency for the UE in RRC-INACTIVE state.
Proposal 2: RRC state reporting procedure should be defined to support the CN selective awareness for RRC-INACTIVE state.
2.2. Core network assistance to RAN for RRC-INACTIVE state

As shown in [1], one of the open issues for the RRC-INACTIVE state in SA2 is how the core network assists the NG-RAN to handle the UE entering into the RRC-INACTIVE state. Since the NG connection is maintained, the core network just sends the downlink data to the gNB without triggering the PAGING message via the NG interface. Therefore, some UE specific parameters included in the PAGING message cannot be delivered to the gNB. For the UE in the RRC-INACTIVE state, however, the gNB needs to acquire these parameters to trigger the RAN-initiated paging and also find the UE exactly. Therefore, it is needed to design how to provide the assistance information from the core network to the gNB before the UE enters from the RRC-CONNECTED state into the RRC-INACTIVE state. To solve this problem, the SA2 considers that the CN assistance information is provided during the NG-C connection activation with the anchor gNB (i.e., Attach, TAU, service request, handover) as follows [1]:
	…
5) Core network assistance to RAN for RRC_INACTIVE?

RAN needs to receive at least the following information from the AMF before transitioning a UE from RRC_CONNECTED to RRC_INACTIVE:

- The registration area (TAI list) provided to the UE
- In order to ensure that all the cells in the RAN Paging Area are able to be connected to the current UPFs (c.f. EPC Serving GW) of the UE, the AMF needs to provide the TAI list of the UE to the RAN
- A maximum allowed DRX value
Possibly:

- Some prioritization information (this needs further study, might be useful if there’s RAN paging prioritization in 5G CN)
- Other information is FFS
- Whether all info mentioned above is mandatory to be always included in FFS
The CN assistance information is provided during N2 activation with the (new) anchor gNB(attach, TAU, service request, handover).

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.
…


For the light connection in LTE, it was agreed that the RAN Paging related information is contained in the following messages: INITIAL CONTEXT SETUP REQUEST, UE CONTEXT MODIFICATION REQUEST, HANDOVER REQUEST and PATH SWITCH REQUEST ACKNOWLEDGE messages [3]. Since these messages are already included to the Draft TS 38.413 [4] in last meeting, they can be taken as a baseline for the CN assistance information for the RRC-INACTIVE state.
Proposal 3: The following messages should include the CN assistance information for the RRC-INACTIVE state: INITIAL CONTEXT SETUP REQUEST, UE CONTEXT MODIFICATION REQUEST, HANDOVER REQUEST and PATH SWITCH REQUEST ACKNOWLEDGE messages.
As highlighted one above, the registration area (i.e., TAI list) and a maximum allowed DRX value should be included into the CN assistance information [1]. Based on this information, the anchor gNB configures the UE-specific RAN-based notification area and also triggers the RAN paging properly. 

Observation 1: The registration area (i.e., TAI list) and a maximum allowed DRX value needs to be at least included into the CN assistance information.
The similar functionality is also considered in the light connection of the LTE. As mentioned in [5], the paging information which includes the following information elements is used for the RAN paging in the light connection.
	…
9.2.1.a
Paging Information 
This information element is to be used for RAN initated paging in Light Connection.
IE/Group Name

Presence

Range

IE type and reference

Semantics description

Paging DRX
O
9.2.1.16
UE Identity Index Value

M
9.2.3.10

Extended UE Identity Index Value

O
9.2.3.46

List of TAIs
1
    >TAI List Item
1 .. <maxnoofTAIs>
        >>TAI
M
9.2.3.16
TAU Timer [FFS]
O
9.2.1.c
Range bound

Explanation

maxnoofTAIs

Maximum no. of TAIs. Value is 256.

…


Based on Observation 1 and Table 9.2.1.a in [5], we can see that the TAI list and a paging DRX should be contained to the CN assistance information.
Proposal 4: The TAI list and a paging DRX should be contained to the CN assistance information.
Based on the analysis above, the following proposal is suggested to RAN3:
Proposal 5: It is proposed to agree the text proposal in the appendix of this contribution.
3. Conclusion
In this contribution, we focused on open issues related to the UE in the RRC-INACTIVE state and provided our view on it. The following proposals are kindly suggested to RAN3:
Proposal 1: The core network should selectively request the report of state change depending on local policy and also the communication latency for the UE in RRC-INACTIVE state.
Proposal 2: RRC state reporting procedure should be defined to support the CN selective awareness for RRC-INACTIVE state.
Proposal 3: The following messages should include the CN assistance information for the RRC-INACTIVE state: INITIAL CONTEXT SETUP REQUEST, UE CONTEXT MODIFICATION REQUEST, HANDOVER REQUEST and PATH SWITCH REQUEST ACKNOWLEDGE messages.
Proposal 4: The TAI list and a paging DRX should be contained to the CN assistance information.

Proposal 5: It is proposed to agree the text proposal in the appendix of this contribution.
4. References

[1] S2-172832, “RRC_INACTIVE System architecture aspects”, Qualcomm Incorporated, April, 2017.
[2] S2-171859, “DP: Way forward for RRC-INACTIVE”, LGE, April, 2017.
[3] R3-163238, “Way Forward on Light Connection WI”, Huawei, November, 2016.
[4] R3-171311, “Draft TS 38.413”, Nokia, April, 2017.
[5] R3-170812, “Introduction of light connection in S1AP”, Nokia, February, 2017.
5. Appendix : Text proposal to TS 38.413
This appendix provides the Text proposal to TS 38.413 based on the proposals of this contribution.
----------------Start of the First Change---------------
8.3.1
Initial Context Setup

8.3.1.1
General

This procedure is used to establish a context at the gNB and to establish PDU Sessions between the gNB and the AMF for a given UE. In this procedure, UE context related information held in the AMF is signalled to the gNB. When needed, the AMF signals to the RAN information concerning the PDU Sessions for which resources need to be allocated by the serving gNB.
Editor’s Note:
Above description is based on TR 38.801.
Editor’s Note:
Further details are FFS.
8.3.1.2 
Successful Operation
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Figure 8.3.1.2-1: Initial context setup: successful operation
The AMF initiates the procedure by sending the INITIAL CONTEXT SETUP REQUEST message to the gNB.
If the Paging Information IE is included in the INITIAL CONTEXT SETUP REQUEST message, the gNB shall, if supported, store this information in the UE context and use it for RAN paging if any for the UE in the RRC-INACTIVE state.
8.3.1.3
Unsuccessful Operation

Editor’s Note:
Further details are FFS.

8.3.1.4
Abnormal Conditions

Editor’s Note:
Further details are FFS.
----------------End of the First Change---------------
----------------Start of the Second Change---------------
8.3.4
UE Context Modification

8.3.4.1
General

The purpose of the UE Context Modification procedure is to partly modify the established UE Context.
Editor’s Note:
Further details are FFS.
8.3.4.2 
Successful Operation
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Figure 8.3.1.2-1: Initial context setup: successful operation
The AMF initiates the procedure by sending the UE CONTEXT MODIFICATION REQUEST message to the gNB.
If the Paging Information IE is included in the UE CONTEXT MODIFICATION REQUEST message, the gNB shall, if supported, store this information in the UE context and use it for RAN paging if any for the UE in the RRC-INACTIVE state.

8.3.4.3
Unsuccessful Operation

Editor’s Note:
Further details are FFS.

8.3.4.4
Abnormal Conditions

Editor’s Note:
Further details are FFS.
----------------End of the Second Change---------------
----------------Start of the Third Change---------------
8.4.2
Handover Resource Allocation

8.4.2.1
General

The purpose of the Handover Resource Allocation procedure is to reserve resources at the target gNB for the handover of a UE.

Editor’s Note:
Further details are FFS.
8.4.2.2
Successful Operation
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Figure 8.4.2.2-1: Handover resource allocation: successful operation

The AMF initiates the procedure by sending the HANDOVER REQUEST message to the target gNB.

After all necessary resources for the admitted PDU Session Resources have been allocated, the target gNB shall generate the HANDOVER REQUEST ACKNOWLEDGE message.
If the Paging Information IE is included in the HANDOVER REQUEST message, the target gNB shall, if supported, store this information in the UE context and use it for RAN paging if any for the UE in the RRC-INACTIVE state.
Editor’s Note:
Further details are FFS.
8.4.2.3
Unsuccessful Operation
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Figure 8.4.2.3-1: Handover resource allocation: unsuccessful operation

If the target gNB does not admit at least one PDU Session Resource, or a failure occurs during the Handover Preparation, it shall send the HANDOVER FAILURE message to the AMF with an appropriate cause value.

Editor’s Note:
Further details are FFS.
8.4.2.4
Abnormal Conditions

Editor’s Note:
Further details are FFS.
----------------End of the Third Change---------------
----------------Start of the Fourth Change---------------
8.4.4
Path Switch Request

8.4.4.1
General

The purpose of the Path Switch Request procedure is to request the switch of a downlink GTP tunnel towards a new GTP tunnel endpoint.
Editor’s Note:
Further details are FFS.
8.4.4.2
Successful Operation
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Figure 8.4.4.2-1: Path switch request: successful operation

The gNB initiates the procedure by sending the PATH SWITCH REQUEST message to the AMF.

After all necessary updates including the UP path switch have been successfully completed in the 5GC for at least one of the PDU Session Resources included in the PATH SWITCH REQUEST, the AMF shall send the PATH SWITCH REQUEST ACKNOWLEDGE message to the gNB and the procedure ends.
If the Paging Information IE is included in the PATH SWITCH REQUEST ACKNOWLEDGE message, the eNB shall, if supported, store this information in the UE context and use it for RAN paging if any for the UE in the RRC-INACTIVE state.
Editor’s Note:
Further details are FFS.
8.4.4.3
Unsuccessful Operation
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Figure 8.4.4.3-1: Path switch request: unsuccessful operation

If the 5GC fails to switch the downlink GTP tunnel endpoint towards a new GTP tunnel endpoint for all PDU Session Resources, the AMF shall send the PATH SWITCH REQUEST FAILURE message to the gNB with an appropriate cause value.
Editor’s Note:
Further details are FFS.
8.4.4.4
Abnormal Conditions

Editor’s Note:
Further details are FFS.
----------------End of the Fourth Change---------------
----------------Start of the Fifth Change---------------
9.2.2.x
Paging Information
Editor’s Note:
Further details FFS.

This IE is to be used for RAN paging for the UE in the RRC-INACTIVE state.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Paging DRX
	O
	
	<ref>
	
	-
	

	List of TAIs
	
	1
	
	
	-
	

	>TAI List Item
	
	1 .. <maxnoofTAIs>
	
	
	-
	

	      >>TAI
	M
	
	<ref>
	
	-
	


----------------End of the Fifth Change---------------
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