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7.1	Services and Functions
The main services and functions of the RRC sublayer include:
-	Broadcast of System Information related to the non-access stratum (NAS);
-	Broadcast of System Information related to the access stratum (AS);
-	Paging;
-	Establishment, maintenance and release of an RRC connection between the UE and E-UTRAN including:
-	Allocation of temporary identifiers between UE and E-UTRAN;
-	Configuration of signalling radio bearer(s) for RRC connection:
-	Low priority SRB and high priority SRB;
-	For NB-IoT, a new UE dedicated SRB is supported before AS security is activated and only one UE dedicated SRB is supported after AS security is activated;
-	For a NB-IoT UE that supports S1-U data transfer or User Plane CIoT EPS optimization, as defined in TS 24.301 [20]:; or
-	For a NB-IoT UE that supports NG-U data transfer or User Plane CIoT 5GS Optimisation, as defined in TS 24.501 [xx]:
-	One DRB is supported by default and up to two DRBs are supported optionally;
-	For a UE that supports User Plane CIoT EPS optimization, as specified in TS 24.301 [20]:; or
-	For a UE that supports User Plane CIoT 5GS Optimisation, as specified in TS 24.501 [xx]:
-	Suspension/resuming of the RRC connection;
-	Security functions including key management;
-	Establishment, configuration, maintenance and release of point to point Radio Bearers;
-	Mobility functions including:
-	UE measurement reporting and control of the reporting for inter-cell and inter-RAT mobility;
-	Handover;
-	UE cell selection and reselection and control of cell selection and reselection;
-	Context transfer at handover.
-	Notification and counting for MBMS services;
-	Establishment, configuration, maintenance and release of Radio Bearers for MBMS services;
-	QoS management functions;
-	UE measurement reporting and control of the reporting;
-	NAS direct message transfer to/from NAS from/to UE.

	Next change



[bookmark: _Toc12642595]7.3a.3	User Plane CIoT EPS/5GS optimizations
The RRC connection established for User Plane CIoT EPS optimization, as defined in TS 24.301 [20], and User Plane CIoT 5GS Optimisation, as defined in TS 24.501 [xx], areis characterized as below:
-	A RRC connection suspend procedure is used at RRC connection release, the (ng-)eNB may request the UE to retain the UE AS context including UE capability in RRC_IDLE;
-	A RRC connection resume procedure is used at transition from RRC_IDLE to RRC_CONNECTED where previously stored information in the UE as well as in the (ng-)eNB is utilised to resume the RRC connection. In the message to resume, the UE provides a Resume ID (for EPS) or I-RNTI (for 5GS) to be used by the (ng-)eNB to access the stored information required to resume the RRC connection;
-	At suspend-resume, security is continued. Re-keying is not supported in RRC connection resume procedure. The short MAC-I is reused as the authentication token at RRC connection reestablishment procedure and RRC connection resume procedure by the UE. For EPS, the eNB provides the NCC in the RRCConnectionResume message as well. And also the UE resets the COUNT;
-	Multiplexing of CCCH and DTCH in the transition from RRC_IDLE to RRC CONNECTED is not supported;
-	For NB-IoT, a non-anchor carrier can be configured for all unicast transmissions when an RRC connection is re-established, resumed or reconfigured additionally when an RRC connection is established.
The RRC connection suspend and resume procedures are illustrated in Figures 7.3a.3-1/7.3a.3-1a and 7.3a.3-2/7.3a.3-2a, respectively. Note that the description here is only intended as an overview and all parameters are therefore not listed in the message flows.


Figure 7.3a.3-1: RRC Connection Suspend procedure in EPS


Figure 7.3a.3-1a: RRC Connection Suspend procedure in 5GS
1.	Due to some triggers, e.g. the expiry of a UE inactivity timer, the (ng-)eNB decides to suspend the RRC connection.
2.	In EPS, tThe eNB initiates the S1-AP UE Context Suspend procedure to inform the MME that the RRC connection is being suspended. In 5GS, the ng-eNB initiates the NG-AP UE Context Suspend procedure to inform the AMF that the RRC connection is being suspended.
3.	In EPS, tThe MME requests the S-GW to release all S1-U bearers for the UE. In 5GS, the AMF requests the SMF to suspend the PDU session and the SMF requests the UPF to release the tunnel information for the UE.
4.	MME/AMF Acks step 2.
5.	The (ng-)eNB suspends the RRC connection by sending an RRCConnectionRelease message with the releaseCause set to rrc-Suspend. For EPS, Tthe message includes the Resume ID which is stored by the UE and Ooptionally, for EDT and transmission using PUR, the message also includes the NextHopChainingCount which is stored by the UE. For 5GS, the message includes the I-RNTI and the NextHopChainingCount which are stored by the UE. 
6.	The UE stores the AS context, suspends all SRBs and DRBs, and enters RRC_IDLE.


Figure 7.3a.3-2: RRC Connection Resume procedure in EPS


Figure 7.3a.3-2a: RRC Connection Resume procedure in 5GS
1.	At some later point in time (e.g. when the UE is being paged or when new data arrives in the uplink buffer) the UE resumes the connection by sending an RRCConnectionResumeRequest to the (ng-)eNB. The UE includes its Resume ID (for EPS) or I-RNTI (for 5GS), the establishment cause, and authentication token. The authentication token is calculated in the same way as the short MAC-I used in RRC connection re-establishment and allows the (ng-)eNB to verify the UE identity. For 5GS, the UE resumes SRB1, derives new security keys using the NextHopChainingCount provided in the RRCConnectionRelease message of the previous RRC connection and re-establishes the AS security.
Editor’s note: To be discussed whether to follow EDT or RRC_INACTIVE for resumption of DRBs. In this CR, RRC_INACTIVE procedure is followed.
2.	Provided that the Resume ID (for EPS) or I-RNTI (for 5GS) exists and the authentication token is successfully validated, the (ng-)eNB responds with an RRCConnectionResume. For EPS, Tthe message includes the Next Hop Chaining Count (NCC) value which is required in order to re-establish the AS security.
3.	For EPS, Tthe UE resumes all SRBs and DRBs and re-establishes the AS security. For 5GS, the UE resumes all other SRBs and all DRBs. The UE is now in RRC_CONNECTED.
Editor’s note: To be discussed whether to follow EDT or RRC_INACTIVE for resumption of DRBs. In this CR, RRC_INACTIVE procedure is followed.
4.	The UE responds with an RRCConnectionResumeComplete confirming that the RRC connection was resumed successfully, along with an uplink Buffer Status Report, and/or UL data, whenever possible, to the (ng-)eNB.
5.	For EPS, tThe eNB initiates the S1-AP Context Resume procedure to notify the MME about the UE state change. For 5GS, the ng-eNB initiates the NG-AP UE Context Resume procedure to notify the AMF about the UE state change.
6.	For EPS, tThe MME requests the S-GW to activate the S1-U bearers for the UE. For 5GS, the AMF requests the SMF to resume the PDU session and the SMF requests the UPF to establish the tunnel information for the UE.
7.	MME/AMF Acks step 5.
An RRC connection can also be resumed in an (ng-)eNB (the new (ng-)eNB) different from the one where the connection was suspended (the old (ng-)eNB). Inter (ng-)eNB connection resumption is handled using context fetching, whereby the new (ng-)eNB retrieves the UE context from the old (ng-)eNB over the X2/Xn interface. The new (ng-)eNB provides the Resume ID (for EPS) or I-RNTI (for 5GS) which is used by the old (ng-)eNB to identify the UE context. This is illustrated in Figure 7.3a.3-3/7.3a.3-3a.


Figure 7.3a.3-3: RRC Connection Resume procedure in different eNB in EPS



Figure 7.3a.3-3a: RRC Connection Resume procedure in different ng-eNB in 5GS
1.	Same as step 1 in the intra (ng-)eNB connection resumption.
2.	The new (ng-)eNB locates the old (ng-)eNB using the Resume ID (for EPS) or I-RNTI (for 5GS) and retrieves the UE context by means of the X2-AP (for EPS) or Xn-AP (for 5GS) Retrieve UE Context procedure.
3.	The old (ng-)eNB responds with the UE context associated with the Resume ID (for EPS) or I-RNTI (for 5GS).
4.	Same as step 2 in the intra (ng-)eNB connection resumption.
5.	Same as step 3 in the intra (ng-)eNB connection resumption.
6.	Same as step 4 in the intra (ng-)eNB connection resumption.
7.	For EPS, tThe new eNB initiates the S1-AP Path Switch procedure to establish a S1 UE associated signalling connection to the serving MME and to request the MME to resume the UE context. For 5GS, the new ng-eNB initiates the NG-AP Path Switch procedure to establish a NG UE associated signalling connection to the serving AMF and to request the AMF to resume the UE context.
8.	For EPS, tThe MME requests the S-GW to activate the S1-U bearers for the UE and updates the downlink path. For 5GS, the AMF requests the SMF to resume the PDU session and the SMF requests the UPF to create the tunnel information for the UE and update the downlink path.
9.	MME/AMF Acks step 7.
10.	For EPS, aAfter the S1-AP Path Switch procedure the new eNB triggers release of the UE context at the old eNB by means of the X2-AP UE Context Release procedure. For 5GS, after the NG-AP Path Switch procedure the new ng-eNB triggers release of the UE context at the old ng-eNB by means of the Xn-AP UE Context Release procedure.
For a NB-IoT UE that supports Control Plane CIoT EPS optimization and S1-U data transfer or User Plane CIoT EPS optimization, as defined in TS 24.301 [20], and for a NB-IoT UE that supports Control Plane CIoT 5GS Optimisation and NG-U data transfer or User Plane CIoT 5GS Optimisation, as defined in TS 24.501 [xx], PDCP is not used until AS security is activated.
[bookmark: _Toc12642596]
	Next change


7.3x.3	MT-EDT for User Plane CIoT EPS Optimisations
The MT-EDT procedure for User Plane CIoT EPS Optimisations is illustrated in Figure 7.3x-2.


Figure 7.3x-2: MT-EDT for User Plane CIoT EPS Optimisations
1.	Upon arrival of downlink data, the SGW may send the DL data size to the MME for MT-EDT consideration by the MME.
2.	The MME may include the DL data size in the S1-AP PAGING message to assist eNodeB in triggering MT- EDT.
3.	If the data can fit in one single downlink transmission, the eNB includes mt-EDT indication in the Paging message for the UE.
4.	The UE may initiate the MO-EDT procedure for the User Plane CIoT EPS Optimisations as described in subclause 7.3b.3 with the following differences: 
-	In step 0, the UE selects a random access preamble not configured for EDT;
-	In step 1, the UE sends RRCConnectionResumeRequest message with the resume cause mt-EDT and without user data.
[bookmark: _GoBack]-	In step 4, the MME may include the Pending Data Indication in the S1AP UE Context Resume Response message to notify the eNB of further data traffic in excess of that initially signalled in step 2. The eNB may use this indication to decide whether to release the UE .
	Next change



7.3y	Transmission using PUR
7.3y.1	General
Transmission using PUR allows one uplink transmission from RRC_IDLE using a preconfigured uplink resource without performing the random access procedure.	Comment by RAN2-107bis: FFS. Exact definition to be agreed and aligned across CR
Transmission using PUR is enabled by the (ng-)eNB if the UE and the (ng-)eNB support. 
The UE may request to be configured with a PUR while in RRC_CONNECTED mode. The (ng-)eNB decides to configure a PUR that may be based on UE’s request, UE’s subscription information and/or local policy. The PUR is only valid in the cell where the configuration was received.
Transmission using PUR is triggered when the upper layers request the establishment or resumption of the RRC Connection and the UE has a valid PUR for transmission and meets the TA validation criteria as specified in TS 36.xxx [TBD].
Transmission using PUR is only applicable to NB-IoT UEs.
Editor’s note: It needs to be confirmed whether transmission in PUR is supported for 5GC.
7.3y.2		PUR Configuration Request and PUR configuration
The procedure for PUR configuration request and PUR configuration is common to the Control Plane CIoT EPS/5GS optimisations and the User Plane CIoT EPS/5GS optimisations and are illustrated in Figure 7.3y-1.


Figure 7.3y-1: PUR Configuration Request and PUR Configuration
0.	The UE is in RRC_CONNECTED and PUR is enabled in the cell.
1.	Based on indication from the upper layers, the UE may indicate to the (ng-)eNB that it is interested in being configured with PUR by sending PURConfigurationRequest message providing information about the requested resource (e.g. No. of occurences, periodicity, time offset, TBS, L1 Ack…).
2.	When the (ng-)eNB moves the UE to RRC_IDLE, based on a precedent UE’s request, subscription information and/or local policies, the (ng-)eNB may decide to provide a PUR resource to the UE or to release an existing PUR resource. The (ng-)eNB includes the details of the PUR configuration or a PUR release indication in the RRCConnectionRelease message.
Editor’s note: For the CP solution, FFS whether full configuration is kept in eNB or part of it in MME.
NOTE:	The PUR configuration can be implicitly released at the UE and (ng-)eNB, when the UE accesses in another cell, when PUR is no longer enabled in the cell, or when the PUR resource has not been used for a configured number of consecutive occasions.
[bookmark: _Toc5987645]22	Support for self-configuration and self-optimisation
[bookmark: _Toc5987648]22.3	Self-configuration
[bookmark: _Toc5987657]22.3.2a	Automatic Neighbour Relation Function

The purpose of the Automatic Neighbour Relation (ANR) function is to relieve the operator from the burden of manually managing Neighbour Cell Relations (NCRs). Figure 22.3.2a-1 shows ANR and its environment:


Figure 22.3.2a-1: Interaction between eNB and O&M due to ANR
The ANR function resides in the eNB and manages the conceptual Neighbour Cell Relation Table (NCRT). Located within ANR, the Neighbour Detection Function finds new neighbours and adds them to the NCRT. ANR also contains the Neighbour Removal Function which removes outdated NCRs. The Neighbour Detection Function and the Neighbour Removal Function are implementation specific.
A Neighbour Cell Relation (NCR) in the context of ANR is defined as follows:
An existing Neighbour Relation from a source cell to a target cell means that eNB controlling the source cell:
a)	Knows the ECGI/CGI and PCI of the target cell.
b)	Has an entry in the Neighbour Cell Relation Table for the source cell identifying the target cell.
c)	Has the attributes in this Neighbour Cell Relation Table entry defined, either by O&M or set to default values.
For each cell that the eNB has, the eNB keeps a NCRT, see Figure 22.3.2a-1. For each NCR, the NCRT contains the Target Cell Identifier (TCI), which identifies the target cell. For E-UTRAN, the TCI corresponds to the E-UTAN Cell Global Identifier (ECGI) and Physical Cell Identifier (PCI) of the target cell. Furthermore, each NCR has three attributes, the NoRemove, the NoHO and the NoX2 attribute. These attributes have the following definitions:
-	No Remove: If checked, the eNB shall not remove the Neighbour Cell Relation from the NRT.
-	No HO: If checked, the Neighbour Cell Relation shall not be used by the eNB for handover reasons.
-	No X2: If checked, the Neighbour Relation shall not use an X2 interface in order to initiate procedures towards the eNB parenting the target cell.
Neighbour Cell Relations are cell-to-cell relations, while an X2 link is set up between two eNBs. Neighbour Cell Relations are unidirectional, while an X2 link is bidirectional.
NOTE:	The neighbour information exchange, which occurs during the X2 Setup procedure or in the eNB Configuration Update procedure, may be used for ANR purpose.
The ANR function also allows O&M to manage the NCRT. O&M can add and delete NCRs. It can also change the attributes of the NCRT. The O&M system is informed about changes in the NCRT.

[bookmark: _Toc5987661]
	Next change


[bookmark: _Toc5987670]22.3.4x	Automatic Neighbour Relation Function in NB-IoT
The ANR (Automatic Neighbour Relation) function relies on cells broadcasting their identity on global level, E-UTRAN Cell Global Identifier (ECGI).



Figure 22.3.4x-1: Automatic Neighbour Relation Function in case of NB-IoT

The purpose of SON/ANR reporting in NB-IoT is network optimisation. The measurements are performed when the UE is in RRC_IDLE and reported next time the UE enters RRC_CONNECTED. ANR measurement reporting is not supported when the UE uses the Control Plane CIoT EPS Optimisation.
The function works as follows:
The eNB serving cell A has an ANR function. During connected mode, the eNB can configure the UE to perform measurements on a frequency and read the CGI of the strongest cell if the quality is above a given RSRP threshold. The eNB may use different policies for instructing the UE to do measurements.
1	When releasing the RRC connection, the eNB configures the UE to perform ANR measurements on one or more frequencies. The RRC connection is released and the UE enters RRC_IDLE.
When the UE is in RRC_IDLE and remains camped on the cell from which the ANR measurement configuration was received, the UE performs the ANR measurements requested by the eNB: 
2a	For each of the configured frequency, the UE performs measurements, identifies the strongest cell and stores the cell measurement results for later reporting.
2b	For each of the configured frequency, if the NRSRP of the strongest cell is above the configured threshold, the UE reads the ECGI, the TAC and all available PLMN ID(s) of the related neighbour cell and stores the information for later reporting.
NOTE:	While performing an ANR measurement, the UE performs inter-frequency measurements on the configured frequency regardless of the measurement rules for cell re-selection and the relaxed monitoring measurement rules as specified in TS 36.304 [11.
When the UE establishes or resumes the RRC connection:
3	The UE reports the availability of an ANR report.
When the eNB receives the indication of the ANR report availability, the following sequence may be used whilst UE is in RRC_CONNECTED mode:
4	The eNB requests the UE to provide the report.
5	The UE reports the stored cells and associated information.
When the UE returns to RRC_IDLE, if the UE has indicated the availability of the ANR report, the UE discards the old ANR configuration and ANR report.

[bookmark: _Toc5987683]
	Next change 


22.4.2.x	Connection failure due to Radio Link Failure in NB-IoT 
In NB-IoT, the function of Mobility Robustness Optimization is to detect connection failures due to radio link failure.
Solution for failure scenarios consists of one or more of following functions:
-	Detection of the failure after RRC re-establishment attempt;
-	Detection of the failure after RRC connection setup;
-	Retrieval of information needed for problem analysis.
Triggering of each of these functions is optional and depends on situation and implementation.
Detection of the failure after RRC re-establishment attempt:
UE provides the RLF Report to the eNB after successful RRC connection re-establishment. 
Detection of the failure after RRC connection setup:
In case the RRC connection re-establishment fails or the UE does not perform any RRC connection re-establishment, the UE makes the RLF Report available to the eNB after reconnecting from idle mode. Availability of the RLF Report at the RRC connection setup procedure is the indication that a RLF failure occured and that the RLF Report from this occurence could be obtained by the network. 
Retrieval of information needed for problem analysis
The information needed for detailed problem analysis may be retrieved from both, the UE and the network sides. The information that is collected at the UE is provided to the network with the RLF Report.
The RLF Report from the UE includes the following information:
-	The E-CGI of the last cell that served the UE.
-	The radio measurements of the last cell that served the UE.
-	Time elapsed from the connection failure till RLF Report signalling.

The eNB receiving the RLF Report from the UE may forward the report to the eNB that served the UE before the reported connection failure using the RLF INDICATION message.

	End of changes!
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