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Discussion and Approval
1. Introduction
In RAN3, it is still FFS whether the state transition from RRC_INACTIVE to RRC_INACTIVE or RRC_IDLE without context relocation is supported or not. In this contribution, we examine this issue and then provide our view on it.
2. Discussion
2.1. State transition from RRC_INACTIVE to RRC_IDLE (e.g., when receiving AMF-triggered UE Context Release Command)
It is still FFS whether the last serving gNB performs RAN paging when receiving the AMF-triggered UE Context Release Command message. In the last meeting, it was proposed to adopt the Retrieve UE Context Response with a release indication in addition to releasing UE Context locally without RAN paging [1]. However, there is no agreement on the value of this release indication [2]. In this scenario, the main question seems to be how valuable it would be for the last serving gNB to not only trigger RAN paging towards Xn to find the UE in the RNA, but also inform the new gNB to release the UE if the UE resumes in a new gNB.
Basically, it was agreed that upon receiving the UE Context Release Command in RRC_INACTIVE state, the NG-RAN node shall remove the UE context, reply with UE release Complete. From the RAN3 point of view, therefore, releasing the UE context without RAN paging is a feasible solution. However, in this case, the NAS layer state mismatch issue between UE and AMF becomes inherent. Although this state mismatch between UE and AMF can be handled from RAN2 and SA2 point of view, it should be avoided if possible because it can cause unnecessary signalling and UE power consumption. For example, the UE remains in RRC_INACTIVE state, while the last serving gNB releases the UE NG connection locally and responds to AMF with UE Context Release Complete message. At expiry of periodic RNA update timer, the UE initiates the RRC connection resume procedure. However, since the gNB already removes the UE context, it indicates the UE to fallback to a new RRC connection establishment, thus causing unnecessary signalling. Therefore, to avoid NAS layer state mismatch between UE and AMF, it is also required for the last serving gNB to trigger the RAN paging when receiving the UE Context Release Command message.
Proposal 1: Upon receiving the UE Context Release Command message for the UE in RRC_INACTIVE state, the last serving gNB needs to trigger the RAN paging in order to avoid NAS layer state mismatch.
When the last serving gNB pages the UE in the RNA and the UE responds to RAN paging in a new gNB, the last serving gNB needs to inform the new gNB about the intention of releasing UE to RRC_IDLE. As mentioned above, one potential solution is to introduce an optional indication IE in RETRIEVE UE CONTEXT FAILURE message [1], [2]. Based on this indication which includes only the security context instead of the full UE context, the new gNB can generate a ciphered and integrity protected RRC Release message on SRB1 to move to RRC_IDLE state.

Observation 1: For state transition from RRC_INACTIVE to RRC_IDLE, the last serving gNB can release the UE to move to RRC_IDLE via new gNB without context relocation.
2.2. State transition from RRC_INACTIVE to RRC_INACTIVE (e.g., periodic RNA update without anchor relocation)
In RAN3 #99bis meeting, it was discussed whether to support the periodic RNA update without anchor relocation [3]. The intention of this functionality is to avoid the NGAP Path switch procedure and to trigger the fast state transition to RRC_INACTIVE. After a discussion, it was agreed that from RAN3 point of view, the periodic RNA update without anchor relocation is not supported.
However, in last RAN2 #102 meeting, the RNA update without context relocation is beneficial from RAN2 point of view, and they send to RAN3 a LS that the RAN2 has a preference to support RNAU without context relocation as follows [4]:
	LS from RAN2 to RAN3 [4]:
…
RAN2 has discussed the RAN Area Update (RNAU) procedure in Inactive state and has agreed on the following steps:

1. The UE in Connected state receives a ciphered and integrity protected RRC release message on SRB1 with suspend configuration, I-RNTI, and NCC on SRB1 to move the UE to Inactive state.

2. When RNAU is triggered, the UE in Inactive state sends to the current serving gNB the resume message (i.e. msg3 with RNAU cause value) on SRB0, which also includes a resume MAC-I and I-RNTI .
3. The current serving gNB sends the UE information in msg3 (I-RNTI and resume MAC-I) to the last serving gNB for verification.

4. After UE verification and context re-location, the UE receives the ciphered and integrity protected RRC release message (i.e. msg4) with suspend configuration, I-RNTI, and NCC on SRB1 from the current serving gNB which sends the UE back to Inactive state.

After discussing and confirming the above procedure with SA3, RAN2 has concluded that the current serving gNB can send msg4 in step-4 only after the current serving gNB receives a new security key from AMF (at the end of path switch procedure). This was necessary to fulfill the 2-hop security requirement from SA3 during RNAU procedure. 

Since waiting for the completion of path switch procedure introduces additional latency and UE power consumption during RNAU procedure, RAN2#102 has agreed on the following:

RAN2 preference for RAN3 to support RNAU without context relocation, under the assumption that there is no major RAN2 impact.
The above agreement implies that the RRC release message in step-4 will be generated by the last serving gNB and delivered by the current serving gNB.
…


The intention of RAN2 for this LS is to avoid additional latency and UE power consumption from waiting for the completion of NGAP Path switch procedure during RNAU. Therefore, the RAN3 needs to support this functionality based on RAN2 agreement.
Proposal 2: It is proposed for RAN3 to support RNAU without context relocation.
As highlighted one above, the RAN2 suggests a potential solution that the RRC Release message with suspend indication will be generated by the last serving gNB and delivered by the current serving gNB to the UE. Based on RRC message delivered via Xn interface, the UE can return to the RRC_INACTIVE state by new gNB.
Observation 2: For state transition from RRC_INACTIVE to RRC_INACTIVE (e.g., during RNAU), the last serving gNB can send the UE back to RRC_INACTIVE state via new gNB.
2.3. Support for state transition from RRC_INACTIVE to RRC_INACTIVE or RRC_IDLE without context relocation
When considering the use cases discussed in Section 2.1 and 2.2, a unified solution can be developed to enable the last serving gNB to move the UE back into RRC_IDLE or RRC_INACTIVE without context relocation when UE in RRC_INACTIVE state accesses a new gNB other than last serving gNB. In both cases, the last serving gNB may be able to select the appropriate RRC state for the UE as shown in Table 1. For example, when receiving the AMF-triggered UE Context Release Command message, state transition from RRC_INACTIVE to the RRC_IDLE is selected by the last serving gNB. During the periodic RNAU, state transition from RRC_INACTIVE to RRC_INACTIVE can be also selected by the last serving gNB as shown in Section 2.2. This means that in these cases, the last serving gNB can decide not to transfer the UE context to the new gNB according to RRC state transition. In addition, the ciphered and integrity protected RRC Release message on SRB1 can be used in both cases. However, only the difference between both use cases is that this RRC Release message should include suspend indication only when to move the UE back to RRC_INACTIVE state.

Table 1: State transition from RRC_INACTIVE to other states
	From
	To
	Msg 4
	Detailed procedure

	RRC_INACTIVE
	RRC_CONNECTED
	RRC Resume message
	Send msg4 and perform Path switch procedure

after Retrieve UE context procedure

	
	RRC_INACTIVE
	RRC Release message with suspend configuration
	(a) Context relocation:
Send msg4 at the end of Path switch procedure

	
	
	
	(b) No context relocation:

Send msg4 after Retrieve UE context procedure

→ Release indication is needed

→ Path switch procedure is skipped

	
	RRC_IDLE
	RRC Release message
	(c) Context relocation:
Send msg4 after Retrieve UE context procedure

→ Release indication is not needed

→ Path switch procedure is not needed

	
	
	
	(d) No context relocation:

Send msg4 after Retrieve UE context procedure

→ Release indication is needed
→ Path switch procedure is skipped


Observation 3: A unified solution can be developed to enable the last serving gNB to move the UE back into RRC_IDLE or RRC_INACTIVE without context relocation.
As shown in Observation 1 and 2, there may be two possible options to support the state transition from RRC_INACTIVE to RRC_INACTIVE or RRC_IDLE without context relocation as follows:
· Option 1: The last serving gNB provides additional indication to inform the new gNB about the intention of moving UE back to RRC_IDLE or RRC_INACTIVE. This indication includes the security context to enable the new gNB to generate a ciphered and integrity protected RRC Release message.
· Option 2: The last serving gNB generates the RRC message and forwards it to UE via new gNB.

If Option 1 is adopted, the Release indication contains different context according to use case. During the periodic RNAU, the last serving gNB may provide to new gNB the suspend configuration as well as security context to generate the RRC Release message when to transit the UE back to RRC_INACTIVE state. This suspend configuration is used to suspend the RRC connection, and includes the following IEs [5]:
	Clause 6.2.2 in TS 38.331 [5]:
…
RRCRelease message
-- ASN1START

-- TAG-RRCRELEASE-START

RRCRelease ::=


SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE {




rrcRelease




RRCRelease-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

RRCRelease-IEs ::=

SEQUENCE {


redirectedCarrierInfo



RedirectedCarrierInfo



OPTIONAL,
-- Need N


cellReselectionPriorities


CellReselectionPriorities






OPTIONAL,
-- Need M


suspendConfig





SuspendConfig





OPTIONAL,
-- Need N


deprioritisationReq



SEQUENCE {



deprioritisationType



ENUMERATED {frequency, nr},



deprioritisationTimer



ENUMERATED {min5, min10, min15, min30}


},


lateNonCriticalExtension



OCTET STRING














OPTIONAL,


nonCriticalExtension




SEQUENCE{}















OPTIONAL
}

RedirectedCarrierInfo ::=


CHOICE {


nr








ARFCN-ValueNR,


eutra







ARFCN-ValueEUTRA,


...

}

SuspendConfig ::= SEQUENCE {


resumeIdentity





I-RNTI-Value,


ran-pagingCycle




PagingCycle,


ran-NotificationAreaInfo


RAN-NotificationAreaInfo,


periodic-RNAU-timer



ENUMERATED {ffsValue},


nextHopChainingCount



NextHopChainingCount
}
…


As highlighted one above, several information related to RRC_INACTIVE state is included into suspend configuration. From security point of view, therefore, it seems to be dangerous to deliver the suspend configuration to new gNB whenever periodic RNAU is triggered and the last serving gNB decides to transit the UE back to RRC_INACTIVE state. 
For Option 2, however, the last serving gNB generates the RRC message based on the RRC state transition for the UE. For the AMF-triggered UE Context Release Command message, the last serving gNB can generate the RRC Release message, while it generates the RRC Release message with suspend configuration during the RNAU. Then, this RRC message is deliver to new gNB by using the RETRIEVE UE CONTEXT RESPONSE message as in [6]. Upon reception of this XnAP message, the new gNB just sends the RRC message to the UE. In this option, the security context is not delivered to the new gNB irrespective of the state transition to RRC_INACTIVE or RRC_IDLE. Therefore, from security point of view, Option 2 seems to be safer than Option 1.
Proposal 3: It is proposed for the last serving gNB to generate the RRC message and to forward it to UE via new gNB by the Retrieve UE context procedure.
2.4. Corrections 
In TS 38.300, the detailed procedure for RNA update is described as follows [7]:
	Clause 9.2.2.5 in TS 38.300 [7]:
…
9.2.2.5
RNA update

The following figure describes the UE triggered RNA update procedure when it moves out of the configured RNA involving context retrieval over Xn:
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Figure 9.2.2.5-1: RNA update procedure

1.
The UE resumes from RRC_INACTIVE, providing the I-RNTI allocated by the last serving gNB and appropriate cause value, e.g., RAN notification area update.

2.
The gNB, if able to resolve the gNB identity contained in the I-RNTI, requests the last serving gNB to provide UE Context.

3.
The last serving gNB provides UE context.

4.
The gNB may move the UE to RRC_CONNECTED, or send the UE back to RRC_INACTIVE state or send the UE to RRC_IDLE. If the UE is sent to RRC_IDLE, the following steps are not needed.

5.
If loss of DL user data buffered in the last serving gNB shall be prevented, the gNB provides forwarding addresses.

6./7. The gNB performs path switch.

8.
The gNB triggers the release of the UE resources at the last serving gNB.
…


RNA update procedure can be used when a periodic RNA Update timer is expired as well as when the UE moves out of the configured RNA. 
Observation 4: RNA update procedure can be used when a periodic RNA Update timer is expired.
As highlighted one above, msg 4 (i.e., RRC Resume or RRC Release) is sent to the UE before the start of the Path switch procedure. According to RAN2 LS [4], however, the new gNB should send msg4 at the end of Path switch procedure for the state transition to RRC_INACTIVE during RNAU. 
Observation 5: The new gNB should send msg 4 at the end of Path switch procedure for the state transition from RRC_INACTIVE to RRC_INACTIVE.
RAN2 also confirms the name of the RRC message as follows:

· RRC Resume request message
· RRC Resume message
· RRC Release message
· RRC Release message with suspend configuration
Based on RAN2 agreement, it is required to modify the name of RRC message in RNA update procedure. 
Observation 6: The name of RRC message in RNA update procedure should be modified based on RAN2 agreement.
In addition, if the RNAU without context relocation is agreeable, the step 6 and 7 can be skipped. 
Observation 7: If the RNAU without context relocation is agreeable, the Path switch procedure can be skipped.
Based on Observations 4-7, therefore, the RNA update procedure in sub-clause 9.2.2.5 of TS 38.300 can be modified as follows:

[image: image2]
Figure 1: RNA update procedure considering no context relocation
The description for the procedure above is given as follows: 
1.  The UE resumes from RRC_INACTIVE, providing the I-RNTI allocated by the last serving gNB and appropriate cause value, e.g., RAN notification area update. 

2.  The gNB, if able to resolve the gNB identity contained in the I-RNTI, requests the last serving gNB to provide UE Context.

3.  The last serving gNB provides UE context. If the last serving gNB decides not to transfer the UE context, it provides the RRC message to the gNB.
4.  The gNB may move the UE to RRC_CONNECTED, or send the UE back to RRC_INACTIVE state or send the UE to RRC_IDLE. 
· If the UE is sent to RRC_CONNECTED, the following steps continue as described in sub-clause 9.2.2.4.1.
· If the UE is sent back to RRC_INACTIVE, step 4 is skipped and step 7a is performed after step 7.
· If the UE is sent to RRC_IDLE, the following steps are not needed.

5.  If loss of DL user data buffered in the last serving gNB shall be prevented, the gNB provides forwarding addresses.
6. /7. The gNB performs path switch.
7a. The gNB sends RRC Release message with suspend configuration to move the UE back to RRC_INACTIVE.

NOTE:
Step 7a exists for RRC_INACTIVE to RRC_INACTIVE transitions.
8.  The gNB triggers the release of the UE resources at the last serving gNB.
NOTE:
For state transitions without context relocation, the gNB does not perform steps 6-8.
Proposal 4: It is proposed for RAN3 to capture the basic call flow in Figure 1 for sub-clause 9.2.2.5 of TS 38.300.
Based on the analysis above, the stage 2 description needs to be modified. 
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 issue related to RRC state transition without context relocation and provided our view on it. The following proposals are kindly suggested to RAN3:

Proposal 1: Upon receiving the UE Context Release Command message for the UE in RRC_INACTIVE state, the last serving gNB needs to trigger the RAN paging in order to avoid NAS layer state mismatch.

Proposal 2: It is proposed for RAN3 to support RNAU without context relocation.
Proposal 3: It is proposed for the last serving gNB to generate the RRC message and to forward it to UE via new gNB by the Retrieve UE context procedure.

Proposal 4: It is proposed for RAN3 to capture the basic call flow in Figure 1 for sub-clause 9.2.2.5 of TS 38.300.
Proposal 5: It is proposed to agree the text proposal in the appendix of this contribution.
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5. Appendix : Text proposal to TS 38.300
This appendix provides the Text proposal to TS 38.300 based on the proposals of this contribution.
----------------Start of the First Change---------------
9.2.2.1
Overview

RRC_INACTIVE is a state where a UE remains in CM-CONNECTED and can move within an area configured by NG-RAN (the RNA) without notifying NG-RAN. In RRC_INACTIVE, the last serving gNB node keeps the UE context and the UE-associated NG connection with the serving AMF and UPF.

If the last serving gNB receives DL data from the UPF or DL signalling from the AMF (except the Reset messages) while the UE is in RRC_INACTIVE, it pages in the cells corresponding to the RNA and may send XnAP RAN Paging to neighbour gNB(s) if the RNA includes cells of neighbour gNB(s).

If the last serving NG-RAN node receives the UE Release Command message from the AMF while the UE is in RRC_INACTIVE, it shall reply with the UE Context Release Complete message. It is up to gNB implementation whether to trigger RAN paging for the purpose of moving the UE into RRC_IDLE.
Upon RAN paging failure, the gNB behaves according to 3GPP TS 23.501 [3].

The AMF provides to the NG-RAN node the RRC Inactive Assistant Information to assist the NG-RAN node's decision whether the UE can be sent to RRC_INACTIVE. The RRC Inactive Assistant Information includes the registration area configured for the UE, the UE specific DRX, Periodic Registration Update timer, an indication if the UE is configured with Mobile Initiated Connection Only (MICO) mode by the AMF, and UE Identity Index value. The UE registration area is taken into account by the NG-RAN node when configuring the RAN-based notification area. The UE specific DRX and UE Identity Index value are used by the NG-RAN node for RAN paging. The Periodic Registration Update timer is taken into account by the NG-RAN node to configure Periodic RAN Notification Area Update timer.

At transition to RRC_INACTIVE the NG-RAN node may configure the UE with a periodic RNA Update timer value. At periodic RNA Update timer expiry without notification from the UE, the gNB behaves as specified in 3GPP TS 23.501 [3].

If the UE accesses a gNB other than the last serving gNB, the receiving gNB triggers the XnAP Retrieve UE Context procedure to get the UE context from the last serving gNB and may also trigger a Data Forwarding procedure including tunnel information for potential recovery of data from the last serving gNB. Upon successful UE context retrieval, the receiving gNB shall perform the slice-aware admission control in case of receiving slice information and becomes the serving gNB and it further triggers the NGAP Path Switch Request procedure. After the path switch procedure, the serving gNB triggers release of the UE context at the last serving gNB by means of the XnAP UE Context Release procedure.
If the UE accesses a gNB other than the last serving gNB and the last serving gNB decides to keep the UE context, the RRC message is generated by the last serving gNB and forwarded to the UE via the receiving gNB.
In case the UE is not reachable at the last serving gNB, the gNB shall fail AMF initiated UE-associated class 1 procedures if any, and shall trigger the NAS Non Delivery Indication procedure to report the non-delivery of any NAS PDUs received from the AMF for the UE.

If the UE accesses a gNB other than the last serving gNB and the receiving gNB does not find a valid UE Context, gNB performs establishment of a new RRC connection instead of resumption of the previous RRC connection.

A UE in the RRC_INACTIVE state is required to initiate RNA update procedure when it moves out of the configured RNA. When receiving RNA update request from the UE, the receiving gNB triggers the XnAP Retrieve UE Context procedure to get the UE context from the last serving gNB and may decide to send the UE back to RRC_INACTIVE state, move the UE into RRC_CONNECTED state, or send the UE to RRC_IDLE.
----------------End of the First Change---------------
----------------Start of the Second Change---------------
9.2.2.5
RNA update

The following figure describes the UE triggered RNA update procedure when a periodic RNA Update timer is expired or when it moves out of the configured RNA involving context retrieval over Xn:
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Figure 9.2.2.5-1: RNA update procedure

1.
The UE resumes from RRC_INACTIVE, providing the I-RNTI allocated by the last serving gNB and appropriate cause value, e.g., RAN notification area update.

2.
The gNB, if able to resolve the gNB identity contained in the I-RNTI, requests the last serving gNB to provide UE Context.

3.
The last serving gNB provides UE context. If the last serving gNB decides not to transfer the UE context, it provides the RRC message to the gNB.
4.
The gNB may move the UE to RRC_CONNECTED, or send the UE back to RRC_INACTIVE state or send the UE to RRC_IDLE.
· If the UE is sent to RRC_CONNECTED, the following steps continue as described in sub-clause 9.2.2.4.1.
· If the UE is sent back to RRC_INACTIVE, step 4 is skipped and step 7a is performed after step 7.
· If the UE is sent to RRC_IDLE, the following steps are not needed.

5.
If loss of DL user data buffered in the last serving gNB shall be prevented, the gNB provides forwarding addresses.

6./7. The gNB performs path switch.
7a. The gNB sends RRC Release message with suspend configuration to move the UE back to RRC_INACTIVE.

NOTE:
Step 7a exists for RRC_INACTIVE to RRC_INACTIVE transitions.
8.
The gNB triggers the release of the UE resources at the last serving gNB.
NOTE:
For state transitions without context relocation, the gNB does not perform steps 6-8.
----------------End of the Second Change---------------[image: image5.png]
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