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	FIRST CHANGE START


7.3a.3
User Plane CIoT EPS optimizations

The RRC connection established for User Plane CIoT EPS optimization, as defined in TS 24.301 [20], is characterized as below:

-
A RRC connection suspend procedure is used at RRC connection release, the 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 eNB is utilised to resume the RRC connection. In the message to resume, the UE provides a Resume ID to be used by the 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. 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 and 7.3a.3-2, respectively. Note that the description here is only intended as an overview and all parameters are therefore not listed in the message flows.
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Figure 7.3a.3-1: RRC Connection Suspend procedure

1.
Due to some triggers, e.g. the expiry of a UE inactivity timer, the eNB decides to suspend the RRC connection.

2.
The eNB initiates the S1-AP UE Context Suspend procedure to inform the MME that the RRC connection is being suspended.

3.
The MME requests the S-GW to release all S1-U bearers for the UE.

4.
MME Acks step 2.

5.
The eNB suspends the RRC connection by sending an RRCConnectionRelease message with the releaseCause set to rrc-Suspend. The message includes the Resume ID which is stored by the UE.

6.
The UE stores the AS context, suspends all SRBs and DRBs, and enters RRC_IDLE.


[image: image2.emf]UE eNB MME S-GW

Random Access Preamble

Random Access Response

1. RRCConnectionResumeRequest

(resumeID, resumeCause, shortResumeMAC-I)

2. RRCConnectionResume

(NextHopChainingCount)

4. RRCConnectionResumeComplete

5. S1-AP: UE Context Resume Request

7. S1-AP: UE Context Resume Response

6. Modify Bearers

UL data

DL data

3. SRBs and DRBs resumed and AS security re-

established; UE enters RRC_CONNECTED


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

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 eNB. The UE includes its Resume ID, 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 eNB to verify the UE identity.

2.
Provided that the Resume ID exists and the authentication token is successfully validated, the eNB responds with an RRCConnectionResume. The message includes the Next Hop Chaining Count (NCC) value which is required in order to re-establish the AS security.

3.
The UE resumes all SRBs and DRBs and re-establishes the AS security. The UE is now in RRC_CONNECTED.

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 eNB.

5.
The eNB initiates the S1-AP Context Resume procedure to notify the MME about the UE state change.

6.
The MME requests the S-GW to activate the S1-U bearers for the UE.

7.
MME Acks step 5.

An RRC connection can also be resumed in an eNB (the new eNB) different from the one where the connection was suspended (the old eNB). Inter eNB connection resumption is handled using context fetching, whereby the new eNB retrieves the UE context from the old eNB over the X2 interface. The new eNB provides the Resume ID which is used by the old eNB to identify the UE context. This is illustrated in Figure 7.3a.3-3.
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Figure 7.3a.3-3: RRC Connection Resume procedure in different eNB

1.
Same as step 1 in the intra eNB connection resumption.

2.
The new eNB locates the old eNB using the Resume ID and retrieves the UE context by means of the X2-AP Retrieve UE Context procedure.

3.
The old eNB responds with the UE context associated with the Resume ID.

4.
Same as step 2 in the intra eNB connection resumption.

5.
Same as step 3 in the intra eNB connection resumption.

6.
Same as step 4 in the intra eNB connection resumption.

7.
The 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.

8.
The MME requests the S-GW to activate the S1-U bearers for the UE and updates the downlink path.

9.
MME Acks step 7.

10.
After 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 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], PDCP is not used until AS security is activated.

	FIRST CHANGE END


	SECOND CHANGE START


10.1.2.1.1
C-plane handling

The preparation and execution phase of the HO procedure is performed without EPC involvement, i.e. preparation messages are directly exchanged between the eNBs. The release of the resources at the source side during the HO completion phase is triggered by the eNB. In case an RN is involved, its DeNB relays the appropriate S1 messages between the RN and the MME (S1-based handover) and X2 messages between the RN and target eNB (X2-based handover); the DeNB is explicitly aware of a UE attached to the RN due to the S1 proxy and X2 proxy functionality (see section 4.7.6.6). The figure below depicts the basic handover scenario where neither MME nor Serving Gateway changes:
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Figure 10.1.2.1.1-1: Intra-MME/Serving Gateway HO

Below is a more detailed description of the intra-MME/Serving Gateway HO procedure:

0
The UE context within the source eNB contains information regarding roaming and access restrictions which were provided either at connection establishment or at the last TA update.

1
The source eNB configures the UE measurement procedures according to the roaming and access restriction information and e.g. the available multiple frequency band information. Measurements provided by the source eNB may assist the function controlling the UE's connection mobility.

2
A MEASUREMENT REPORT is triggered and sent to the eNB.

3
The source eNB makes decision based on MEASUREMENT REPORT and RRM information to hand off the UE.

4
The source eNB issues a HANDOVER REQUEST message to the target eNB passing necessary information to prepare the HO at the target side (UE X2 signalling context reference at source eNB, UE S1 EPC signalling context reference, target cell ID, KeNB*, RRC context including the C-RNTI of the UE in the source eNB, AS-configuration, E-RAB context and physical layer ID of the source cell + short MAC-I for possible RLF recovery). UE X2 / UE S1 signalling references enable the target eNB to address the source eNB and the EPC. The E-RAB context includes necessary RNL and TNL addressing information, and QoS profiles of the E-RABs.

5
Admission Control may be performed by the target eNB dependent on the received E-RAB QoS information to increase the likelihood of a successful HO, if the resources can be granted by target eNB. The target eNB configures the required resources according to the received E-RAB QoS information and reserves a C-RNTI and optionally a RACH preamble. The AS-configuration to be used in the target cell can either be specified independently (i.e. an "establishment") or as a delta compared to the AS-configuration used in the source cell (i.e. a "reconfiguration").

6
The target eNB prepares HO with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source eNB. The HANDOVER REQUEST ACKNOWLEDGE message includes a transparent container to be sent to the UE as an RRC message to perform the handover. The container includes a new C-RNTI, target eNB security algorithm identifiers for the selected security algorithms, may include a dedicated RACH preamble, and possibly some other parameters i.e. access parameters, SIBs, etc. If RACH-less HO is configured, the container includes timing adjustment indication and optionally a preallocated uplink grant. The HANDOVER REQUEST ACKNOWLEDGE message may also include RNL/TNL information for the forwarding tunnels, if necessary.

NOTE:
As soon as the source eNB receives the HANDOVER REQUEST ACKNOWLEDGE, or as soon as the transmission of the handover command is initiated in the downlink, data forwarding may be initiated.

Steps 7 to 16 provide means to avoid data loss during HO and are further detailed in 10.1.2.1.2 and 10.1.2.3.

7
The target eNB generates the RRC message to perform the handover, i.e. RRCConnectionReconfiguration message including the mobilityControlInformation, to be sent by the source eNB towards the UE. The source eNB performs the necessary integrity protection and ciphering of the message.

The UE receives the RRCConnectionReconfiguration message with necessary parameters (i.e. new C-RNTI, target eNB security algorithm identifiers, and optionally dedicated RACH preamble, target eNB SIBs, etc.) and is commanded by the source eNB to perform the HO. If RACH-less HO is configured, the RRCConnectionReconfiguration includes timing adjustment indication and optionally preallocated uplink grant for accessing the target eNB. If preallocated uplink grant is not included, the UE should monitor PDCCH of the target eNB to receive an uplink grant. The UE does not need to delay the handover execution for delivering the HARQ/ARQ responses to source eNB.

If Make-Before-Break HO is configured, the connection to the source cell is maintained after the reception of RRCConnectionReconfiguration message with mobilityControlInformation before the UE executes initial uplink transmission to the target cell.

NOTE:
If Make-Before-Break HO is configured, the source eNB decides when to stop transmitting to the UE.

NOTE:
The UE can be configured with Make-Before-Break HO and RACH-less HO simultaneously.

8
The source eNB sends the SN STATUS TRANSFER message to the target eNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of E-RABs for which PDCP status preservation applies (i.e. for RLC AM). The uplink PDCP SN receiver status includes at least the PDCP SN of the first missing UL SDU and may include a bit map of the receive status of the out of sequence UL SDUs that the UE needs to retransmit in the target cell, if there are any such SDUs. The downlink PDCP SN transmitter status indicates the next PDCP SN that the target eNB shall assign to new SDUs, not having a PDCP SN yet. The source eNB may omit sending this message if none of the E-RABs of the UE shall be treated with PDCP status preservation.

9
If RACH-less HO is not configured, after receiving the RRCConnectionReconfiguration message including the mobilityControlInformation , UE performs synchronisation to target eNB and accesses the target cell via RACH, following a contention-free procedure if a dedicated RACH preamble was indicated in the mobilityControlInformation, or following a contention-based procedure if no dedicated preamble was indicated. UE derives target eNB specific keys and configures the selected security algorithms to be used in the target cell. 

If RACH-less HO is configured, UE performs synchronisation to target eNB. UE derives target eNB specific keys and configures the selected security algorithms to be used in the target cell.

10
If RACH-less HO is not configured, the target eNB responds with UL allocation and timing advance.

10a If RACH-less HO is configured and the UE did not get the periodic pre-allocated uplink grant in the RRCConnectionReconfiguration message including the mobilityControlInfo, the UE receives uplink grant via the PDCCH of the target cell. The UE uses the first available uplink grant after synchronization to the target cell.

11
When the RACH-less HO is not configured and the UE has successfully accessed the target cell, the UE sends the RRCConnectionReconfigurationComplete message (C-RNTI) to confirm the handover, along with an uplink Buffer Status Report, and/or UL data, whenever possible, to the target eNB, which indicates that the handover procedure is completed for the UE. The target eNB verifies the C-RNTI sent in the RRCConnectionReconfigurationComplete message. The target eNB can now begin sending data to the UE.


When the RACH-less HO is configured, after the UE has received uplink grant, the UE sends the RRCConnectionReconfigurationComplete message (C-RNTI) to confirm the handover, along with an uplink Buffer Status Report, and/or UL data, whenever possible, to the target eNB. The target eNB verifies the C-RNTI sent in the RRCConnectionReconfigurationComplete message. The target eNB can now begin sending data to the UE. The handover procedure is completed for the UE when the UE receives the UE contention resolution identity MAC control element from the target eNB.

12
The target eNB sends a PATH SWITCH REQUEST message to MME to inform that the UE has changed cell.

13
The MME sends a MODIFY BEARER REQUEST message to the Serving Gateway.

14
The Serving Gateway switches the downlink data path to the target side. The Serving gateway sends one or more "end marker" packets on the old path to the source eNB and then can release any U-plane/TNL resources towards the source eNB.

15
The Serving Gateway sends a MODIFY BEARER RESPONSE message to MME.

16
The MME confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message.

17
By sending the UE CONTEXT RELEASE message, the target eNB informs success of HO to source eNB and triggers the release of resources by the source eNB. The target eNB sends this message after the PATH SWITCH REQUEST ACKNOWLEDGE message is received from the MME.

18
Upon reception of the UE CONTEXT RELEASE message, the source eNB can release radio and C-plane related resources associated to the UE context. Any ongoing data forwarding may continue.

When an X2 handover is used involving HeNBs and when the source HeNB is connected to a HeNB GW, a UE CONTEXT RELEASE REQUEST message including an explicit GW Context Release Indication is sent by the source HeNB, in order to indicate that the HeNB GW may release of all the resources related to the UE context.
	SECOND CHANGE END
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