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First Change (R3-184327, R3-185296)
[bookmark: _Toc517229140]9.2.2	Mobility in RRC_INACTIVE
[bookmark: _Toc517229141]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 UE-associated signalling from the AMF (except the UE Context Release Command and 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).
Upon receiving the UE Context Release Command message while the UE is in RRC_INACTIVE, the last serving gNB may page 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), in order to release UE explicitly.
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.
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 Assistancet Information to assist the NG-RAN node's decision whether the UE can be sent to RRC_INACTIVE. The RRC Inactive Assistancet 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 RNARAN-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 RNARAN 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 and RRC procedures properly. 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.
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, the receiving gNB performs establishment of a new RRC connection instead of resumption of the previous RRC connection.
[bookmark: OLE_LINK40]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.
[bookmark: _Toc517229143][Unchanged text skipped]
9.2.2.3	RAN-Based Notification Area
A UE in the RRC_INACTIVE state can be configured by the last serving NG-RAN node with an RNA, where:
-	the RNA can cover a single or multiple cells, and shall be contained within the CN registration area; in this release Xn connectivity should be available within the RNA;
-	a RAN-based notification area update (RNAU) is periodically sent by the UE and is also sent when the cell reselection procedure of the UE selects a cell that does not belong to the configured RNA.
There are several different alternatives on how the RNA can be configured:
-	List of cells:
-	A UE is provided an explicit list of cells (one or more) that constitute the RNA.
-	List of RAN areas:
-	A UE is provided (at least one) RAN area ID, where a RAN area is a subset of a CN Tracking Area or equal to a CN Tracking Area. A RAN area is specified by one RAN area ID, which consists of a TAI and optionally a RAN area Code;
-	A cell broadcasts one or morea RAN area IDs in the system information.
NG- RAN may provide different RNA definitions to different UEs but not mix different definitions to the same UE at the same time. UE shall support all RNA configuration options listed above.


Next Change (R3-185136)
[bookmark: _Toc517229147]9.2.2.5	RNA update
The following figure describes the UE triggered RNA update procedure involving context retrieval over Xn. The procedure may be triggered when the UEit moves out of the configured RNA, or at the expiry of a periodic RNA Update timerinvolving context retrieval over Xn:.


[bookmark: OLE_LINK16]Figure 9.2.2.5-1: RNA update procedure with UE context relocation
[bookmark: OLE_LINK18]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, providing the cause value received in step 1.
3.	The last serving gNB provides UE context.
[bookmark: OLE_LINK41]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.
The following figure describes the periodic RNA update procedure for the case when the last serving gNB decides not to relocate the UE context: 


Figure 9.2.2.5-2: Periodic RNA update procedure without UE context relocation
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, providing the cause value received in step 1.
3.	The last serving gNB responds to the gNB with the RETRIEVE UE CONTEXT FAILURE ssage including an encapsulated RRC Connection Release message. The RRC message includes suspend configuration, if the last serving gNB decides to keep the UE in RRC_INACTIVE.
4.	The gNB forwards the RRC Connection Release message to the UE. 

Next Change (R3-184273)
[bookmark: _Toc502484376][bookmark: _Toc502484374]9.2.3	Mobility in RRC_CONNECTED
[bookmark: _Toc502484378][Unchanged text skipped]
9.2.3.2.2	U-Plane Handling
[Unchanged text skipped]
9.2.3.2.x	Data Forwarding
The following description depicts the data forwarding principles for intra-system handover.  
The source NG-RAN node may suggest downlink data forwarding per QoS flow established for a PDU session and may provide information how it maps QoS flows to DRBs. The target NG-RAN node decides data forwarding per QoS flow established for a PDU Session.
If "lossless handover" is required and the target NG-RAN node applies the same QoS flows to DRB mapping for a DRB and if all QoS flows mapped to that DRB are accepted for data forwarding, the target NG-RAN node establishes a downlink forwarding tunnel for that DRB.  
For a DRB for which preservation of SN status applies, the target NG-RAN node may decide to establish an UL data forwarding tunnel.
The target NG-RAN node may also decide to establish a downlink forwarding tunnel for each PDU session. In this case the target NG-RAN node provides information for which QoS flows data forwarding has been accepted and corresponding UP TNL information for data forwarding tunnels to be established between the source NG-RAN node and the target NG-RAN node.
As long as data forwarding of DL user data packets takes place, the source NG-RAN node shall forward user data in the same forwarding tunnel, i.e. 
-	for any QoS flow accepted for data forwarding by the target NG-RAN node and for which a DRB DL forwarding tunnel was established for a DRB to which this QoS flow was mapped at the source NG-RAN node, any fresh packets of this QoS flow shall be forwarded as PDCP SDUs via the mapped DRB DL forwarding tunnel.
-	for DRBs for which preservation of SN status applies, the source NG-RAN node may forward in order to the target NG-RAN node via the DRB DL forwarding tunnel all downlink PDCP SDUs with their SN corresponding to PDCP PDUs which have not been acknowledged by the UE.
-	for DRBs for which preservation of SN status applies the source NG-RAN node either:
-	discards the uplink PDCP PDUs received out of sequence if the source NG-RAN node has not accepted the request from the target NG-RAN node for uplink forwarding or if the target NG-RAN node has not requested uplink forwarding for the bearer during the Handover Preparation procedure; or
-	forwards to the target NG-RAN node the uplink PDCP PDUs received out of sequence if the source NG-RAN node has accepted the request from the target NG-RAN node for uplink forwarding for the bearer during the Handover Preparation procedure.
Handling of end marker packets:
-	The source NG-RAN node receives one or several GTP-U end marker packets per PDU session from the UPF and replicates the end marker packets into each data forwarding tunnel when no more user data packets are to be forwarded over that tunnel.
-	End marker packets sent via a data forwarding tunnel are applicable to all QoS flows forwarded via that tunnel. After end marker packets have been received over a forwarding tunnel, the target NG-RAN node can start taking into account the packets of QoS flows associated with that forwarding tunnel received at the target NG-RAN node from the NG-U PDU session tunnel.

Next Change (R3-184283)
[bookmark: _Toc517229154]9.2.5	Paging
Paging allows the network to reach UEs in RRC_IDLE and in RRC_INACTIVE state, and to notify UEs in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED state of system information change (see subclause 7.3.3) and ETWS/CMAS indications (see subclause 16.4).
While in RRC_IDLE the UE monitors the paging channels for CN-initiated paging; in RRC_INACTIVE the UE also monitors paging channels for RAN-initiated paging. A UE need not monitor paging channels continuously though; Paging DRX is defined where the UE in RRC_IDLE or RRC_INACTIVE is only required to monitor paging channels during one Paging Occasions (PO) per DRX cycle (see 3GPP TS 38.304 [10]). The Paging DRX cycles are configured by the network:
1)	For CN-initiated paging, a default cycle is broadcast in system information;
2)	For CN-initiated paging, a UE specific cycle can be configured via NAS signalling;
3)	For RAN-initiated paging, a UE-specific cycle can be configured via RRC signalling;
-	The UE uses the shortest of the DRX cycles applicable i.e. a UE in RRC_IDLE uses the shortest of the first two cycles above, while a UE in RRC_INACTIVE uses the shortest of the three.
The POs of a UE for CN-initiated and RAN-initiated paging are based on the same UE ID, resulting in overlapping POs for both. The number of different POs in a DRX cycle is configurable via system information and a network may distribute UEs to those POs based on their IDs.
When in RRC_CONNECTED, the UE monitors the paging channels in any PO signalled in system information. In case of BA, a UE in RRC_CONNECTED only monitors paging channels on the active BWP.
Paging optimization for UEs in CM_IDLE: at UE context release, the NG-RAN node may provide the AMF with a list of recommended cells and NG-RAN nodes as assistance info for subsequent paging. The AMF may also provide Paging Attempt Information consisting of a Paging Attempt Count and the Intended Number of Paging Attempts and may include the Next Paging Area Scope. If Paging Attempt Information is included in the Paging message, each paged NG-RAN node receives the same information during a paging attempt. The Paging Attempt Count shall be increased by one at each new paging attempt. The Next Paging Area Scope, when present, indicates whether the AMF plans to modify the paging area currently selected at next paging attempt. If the UE has changed its state to CM CONNECTED the Paging Attempt Count is reset.
Paging optimization for UEs in RRC_INACTIVE: at RAN Paging, the serving NG-RAN node provides RAN Paging area information. The serving NG-RAN node may also provide RAN Paging attempt information. Each paged NG-RAN node receives the same RAN Paging attempt information during a paging attempt with the following content: Paging Attempt Count, the intended number of paging attempts and the Next Paging Area Scope. The Paging Attempt Count shall be increased by one at each new paging attempt. The Next Paging Area Scope, when present, indicates whether the serving NG_RAN node plans to modify the RAN Paging Area currently selected at next paging attempt. If the UE leaves RRC_INACTIVE state the Paging Attempt Count is reset.

Next Change (R3-180586, R3-181466)
[bookmark: _Toc502484388][bookmark: _Toc502484383]9.3	Inter RAT
[Unchanged text skipped]
9.3.2	From 5GC to EPC
[bookmark: _Toc502484392][Unchanged text skipped]
9.3.2.4	Data Forwarding
The inter-System data forwarding follows the following key principles:
-	Only indirect data forwarding is supported.
-	PDU session information at the serving NG-RAN node contains mapping information per QoS Flow to a corresponding E-RAB.
-	At handover preparation, the source NG-RAN node shall decide which mapped E-RABs are proposed to be subject to data forwarding and provide this information in the source-to-target container to the target eNB.
-	The target eNB assigns forwarding TEID/TNL address(es) for the E-RAB(s) for which it accepts data forwarding.
-	A single data forwarding tunnel is established between the source NG-RAN node and UPF per PDU session for which at least data for a single QoS Flow is subject to data forwarding. For the QoS flow(s) accepted for data forwarding, the NG-RAN node initiates data forwarding to the UPF by the corresponding PDU session data forwarding tunnel(s). Then the UPF maps data received from the per PDU session data forwarding tunnel(s) to the mapped EPS bearer(s).
[bookmark: _Toc500714438][bookmark: _Toc500758838]9.3.x	From EPC to 5GC
[bookmark: _Toc500714442][bookmark: _Toc500758842]9.3.x.y	Data Forwarding
The inter-System data forwarding from EPS to 5GS follows the following key principles:
-	Only indirect data forwarding is supported.
-	The target NG-RAN node receives in the Handover Request message the mapping between E-RAB ID(s) and QoS Flow ID(s). It decides whether to accept the data forwarding for E-RAB IDs proposed for forwarding within the source to target container. It assigns a TEID/TNL address for each PDU session for which at least one QoS flow is involved in the accepted forwarding.
-	The target NG-RAN node sends the Handover Request Acknowledge message in which it indicates the list of PDU sessions and QoS flows for which it has accepted the forwarding.
-	The source eNB receives in the Handover Command message the list of E-RAB IDs for which the target NG-RAN node has accepted the forwarding of corresponding PDU sessions and QoS flows.
-	For each E-RAB accepted for data forwarding, the source eNB forwards data to the SGW in the corresponding E-RAB tunnel and the SGW forwards the received data to the UPF in the E-RAB tunnel. Then the UPF maps the data received from an E-RAB tunnel to the corresponding mapped PDU session tunnel. The target NG-RAN node prioritizes the forwarded packets over the fresh packets for those QoS flows which are involved in the accepted forwarding.

Next Change (R3-184322)
[bookmark: _Toc517229188]15.3	Self-configuration
[bookmark: _Toc517229189]15.3.1	Dynamic configuration of the NG-C interface
[bookmark: _Toc517229190]15.3.1.1	Prerequisites
The following prerequisites are assumed:
-	An initial remote IP end point to be used for SCTP initialisation is provided to the NG-RAN node for each AMF the NG-RAN node is supposed to connect to.
[bookmark: _Toc517229191]15.3.1.2	SCTP initialization
NG-RAN establishes the first SCTP (IETF RFC 4960 [23]) using a configured IP address.
NOTE: 	The NG-RAN node may use different source and/or destination IP end point(s) if the SCTP establishment towards one IP end point fails. How the NG-RAN node gets the remote IP end point(s) and its own IP address are outside the scope of this specification.
[bookmark: _Toc517229193][Unchanged text skipped]
15.3.2	Dynamic Configuration of the Xn interface
[bookmark: _Toc517229194]15.3.2.1	Prerequisites
The following prerequisites are necessary:
-	An initial remote IP end point to be used for SCTP initialisation is provided to the NG-RAN node.
[bookmark: _Toc517229195]15.3.2.2	SCTP initialization
NG-RAN establishes the first SCTP (IETF RFC 4960 [23]) using a configured IP address.
NOTE: 	The NG-RAN node may use different source and/or destination IP end point(s) if the SCTP establishment towards one IP end point fails.
Void.

Next Change (R3-183625, R3-184430)
[bookmark: _Toc517229213]16.3	Network Slicing
[bookmark: _Toc517229219][Unchanged text skipped]
16.3.4	Signalling Aspects
[bookmark: _Toc517229220]16.3.4.1	General
In this sub clause, signalling flows related to the realization of network slicing in the NG-RAN are given.
[bookmark: _Toc517229221]16.3.4.2	CN Instance and NW Slice Selection
RAN selects the AMF based on a Temp ID or assistance information provided by the UE.




Figure 16.3.4.2-1: AMF instance selection
In case a Temp ID is not available, the NG-RAN uses the assistance information provided by the UE at RRC connection establishment to select the appropriate AMF instance (the information is provided after MSG3 of the random access procedure). If such information is also not available, the NG-RAN routes the UE to one of the configured default AMF instances.
The NG-RAN uses the list of supported S-NSSAI(s) previously received in the NG Setup Response message when selecting the AMF with the assistance information. This list may be updated via the AMF Configuration Update message.
[bookmark: _Toc517229222]16.3.4.3	UE Context Handling
Following the initial access, the establishment of the RRC connection and the selection of the correct AMF, the AMF establishes the complete UE context by sending the Initial Context Setup Request message to the NG-RAN over NG-C. The message contains the Allowed NSSAI and additionally contains the S-NSSAI(s) as part of the PDU session(/s) resource description when present in the message. Upon successful establishment of the UE context and allocation of PDU session resources to the relevant NW slice(/s) when present, the NG-RAN responds with the Initial Context Setup Response message.




Figure 16.3.4.3-1: Network Slice-aware Initial Context Setup
[bookmark: _Toc517229223]16.3.4.4	PDU Session Handling
When new PDU sessions need to be established or existing ones modified or released, the 5GC requests the NG-RAN to allocate/release resources relative to the relevant PDU sessions by means of the PDU Session Resource Setup/Modify/Release procedures over NG-C. In case of network slicing,One S-NSSAI information is added per PDU session, so NG-RAN is enabled to apply policies at PDU session level according to the SLA represented by the network slice, while still being able to apply (for example) differentiated QoS within the slice.
NG-RAN confirms the establishment/modification/release of the resources for a PDU session associated to a certain NW slice by responding with the PDU Session Resource Setup/Modify/Release Response message over the NG-C interface.




Figure 16.3.4.4-1: Network Slice-aware PDU Session Resource Setup/Modify/Release
[bookmark: _Toc517229224]16.3.4.5	Mobility
To make mobility slice-aware in case of Network Slicing, S-NSSAI is introduced as part of the PDU session information that is transferred during mobility signalling. This enables slice-aware admission and congestion control.
Both NG and Xn handovers are allowed regardless of the slice support of the target NG-RAN node i.e. even if the target NG-RAN node does not support the same slices as the source NG-RAN node. An example for the case of active mode mobility across different Registration Areas, is shown in Figure 16.3.4.5-1 for the case of 5GC involved handover and in Figure 16.3.4.5-2 for the case of Xn based handover.




Figure 16.3.4.5-1: Active mode CN basedinvolved mobility across different Registration Areas




Figure 16.3.4.5-2: Active mode Xn based mobility across different Registration Areas

Last Change (R3-184145)
[bookmark: _Toc517229238]Annex X (informative):
I-RNTI Reference Profiles
The I-RNTI provides the new NG-RAN node a reference to the UE context in the old NG-RAN node. How the new NG-RAN node is able to resolve the old NG-RAN ID from the I-RNTI is a matter of proper configuration in the old and new NG-RAN node.
Table X-1 below provides some typical partitioning of an 40bit I-RNTI, assuming the following content:
-	UE specific reference: reference to the UE context within a logical NG-RAN node
-	NG-RAN node address index: information to identify the NG-RAN node that has allocated the UE specific part
NOTE:	RAT-specific information may be introduced in a later release, containing information to identify the RAT of the cell within which the UE was sent to RRC_INACTIVE. This version of the specification only supports intra-RAT mobility of UEs in RRC_INACTIVE.
-	PLMN-specific information: information supporting network sharing deployments, providing an index to the PLMN ID part of the Global NG-RAN node identifier.
Table X-1: I-RNTI reference profiles
	Profile ID
	UE specific reference
	NG-RAN node address index 
(e.g., gNB ID, eNB ID)
	RAT-specific information
	PLMN-specific information
	Comment

	1
	20 bits 
(~1 million values)
	20 bits
(~1 million values)
	N/A
	N/A
	NG-RAN node address index may be very well represented by the LSBs of the gNB ID.
This profile may be applicable for any NG-RAN RAT.

	2
	20 bits 
(~1 million values)
	16 bits
(65.000 nodes)
	N/A
	4 bits (Max 16 PLMNs)
	Max number of PLMN IDs broadcast in NR is 12.
This profile may be applicable for any NG-RAN RAT.

	3
	24 bits
(16 million values)
	16 bits
(65.000 nodes)
	N/A
	N/A
	Reduced node address to maximise addressable UE contexts.
This profile may be applicable for any NG-RAN RAT.
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NG Initial Cxt Setup Response

NG Initial Cxt Setup Request (S-NSSAI per PDU session)

Preconditions:

RRC Connection Establishment

CN Instance Selection

Provisional policies may be applied

UE slice access 

confirmed, policies 

updated if necessary
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can be established for given 

NW Slice (in case of 

establishmnet/modify
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Handover Required 

UE in active mode with n slices 

configured at NAS-level and with 

m PDU Sessions active at AS level

gNB2 in Registration Area 2

Handover preparation from 

gNB1 to gNB2 triggered

Handover Command 

Handover Request (PDU 

Session+ S-NSSAI List) 

Handover Request Ack (list of 

accepted and failed PDU 

Session+ S-NSSAI) 

Tracking Area Update (alignment of slices supported in the new RA between UE and network)

Handover Execution 
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gNB1 in Registration Area 1 AMF UE

1. Handover Request

 (PDU Session + S-NSSAI List)

UE in active mode with n slices 

configured at NAS-level and with 

m PDU Sessions active at AS level

gNB2 in Registration Area 2

Slice aware handover 

preparation from gNB1 to gNB2 

triggered

7. Registration Area Update (alignment of slices supported in the new RA between UE and network)

4. Handover Execution 

3. Handover Request Ack (List of accepted 

and rejected PDU Session + S-NSSAI) 

5. Path Switch Request

6. Path Switch Request Ack 

2. Admission 

Control 
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