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1	Introduction
In this contribution we discuss the procedures for User Plane CIoT EPS/5GS optimizations and EDT for User Plane CIoT EPS/5GS optimizations with respect to the information provided by AS RAI and whether UE power consumption can be optimized further when AS RAI is provided.
2	Discussion
[bookmark: _Hlk4723545][bookmark: _Hlk32623187]2.1 User Plane CIoT EPS optimizations
[bookmark: _Hlk32758715]The RRC connection established for User Plane CIoT EPS optimization is defined in TS 24.301 [1]. The RRC connection suspend and resume procedures are illustrated in Figures 1 and 2 below, respectively (subclause 7.3a.3 in [2]).



Figure 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. Optionally, for EDT, the message also includes the NextHopChainingCount which is stored by the UE.
6.	The UE stores the AS context, suspends all SRBs and DRBs, and enters RRC_IDLE.



Figure 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.
[bookmark: _Hlk32623143]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.
2.2 EDT for User Plane CIoT EPS Optimization
[bookmark: _Hlk32707986][bookmark: _Hlk1090965]EDT for User Plane CIoT EPS optimizations is defined in TS 24.301 [1]. Early data transmission (EDT) procedure for User Plane CIoT EPS optimization is illustrated in Figure 3 below (subclause 7.3b.3 in [2]).



Figure 3: EDT for User Plane CIoT EPS Optimizations
0.	Upon connection resumption request for Mobile Originated data from the upper layers, the UE initiates the early data transmission procedure and selects a random access preamble configured for EDT.
1.	The UE sends an RRCConnectionResumeRequest to the eNB, including its Resume ID, the establishment cause, and an authentication token. The UE resumes all SRBs and DRBs, derives new security keys using the NextHopChainingCount provided in the RRCConnectionRelease message of the previous connection and re-establishes the AS security. The user data are ciphered and transmitted on DTCH multiplexed with the RRCConnectionResumeRequest message on CCCH.
2.	The eNB initiates the S1-AP Context Resume procedure to resume the S1 connection and re-activate the S1-U bearers.
3.	The MME requests the S-GW to re-activate the S1-U bearers for the UE.
4.	The MME confirms the UE context resumption to the eNB.
5.	The uplink data are delivered to the S-GW.
6.	If downlink data are available, the S-GW sends the downlink data to the eNB.
[bookmark: _Hlk32708469][bookmark: _Hlk32708616]7.	If no further data are expected from the S-GW, the eNB can initiate the suspension of the S1 connection and the deactivation of the S1-U bearers.
8.	The eNB sends the RRCConnectionRelease message to keep the UE in RRC_IDLE. The message includes the releaseCause set to rrc-Suspend, the resumeID, the NextHopChainingCount and drb-ContinueROHC which are stored by the UE. If downlink data were received in step 6, they are sent ciphered on DTCH multiplexed with the RRCConnectionRelease message on DCCH.
· NOTE 1:	If the MME or eNB decides the UE to move in RRC_CONNECTED mode, RRCConnectionResume message is sent in step 7 to fall back to the RRC Connection resume procedure. In that case, the RRCConnectionResume message is integrity protected and ciphered with the keys derived in step 1 and the UE ignores the NextHopChainingCount included in the RRCConnectionResume message. Downlink data can be transmitted on DTCH multiplexed with the RRCConnectionResume message. In addition, an RRCConnectionSetup can also be sent in step 7 to fall back to the RRC Connection establishment procedure.
· NOTE 2:	If neither RRCConnectionRelease nor, in case of fallback, RRCConnectionResume is received in response to RRCConnectionResumeRequest for EDT, the UE considers the UL data transmission not successful.

The UE sends the RRCConnectionResumeRequest message to the eNB, including its Resume ID, establishment cause, and an authentication token. The UE resumes all SRBs and DRBs, derives new security keys using the NextHopChainingCount provided in the RRCConnectionRelease message of the previous connection and re-establishes the AS security in the case of EDT for User Plane CIoT EPS optimizations. For the case of User Plane CIoT EPS optimizations, Next Hop Chaining Count (NCC) value, which is required in order to re-establish the AS security, is included in the RRCConnectionResume message provided that Resume ID exists, and the authentication token is successfully validated.
[bookmark: _Hlk4723609]For EDT for User Plane CIoT EPS optimizations, user data is ciphered and transmitted on DTCH multiplexed with the RRCConnectionResumeRequest message on CCCH. Considering that it is not possible for the UE to provide an indication in the AS layer similar to the Release Assistance Information in NAS PDU, i.e., NAS RAI, on whether no subsequent DL and UL data transmission is expected, or only a single downlink data transmission (e.g. acknowledgement or response to uplink data) subsequent to this uplink data transmission is expected, RAN2 has agreed to introduce AS RAI.
[bookmark: _Hlk32757694]In the procedures above, one can observe that eNB has to wait for an acknowledgement from the MME regardless of whether the UE indicates AS RAI, which may already imply that no further data are expected from the S-GW and therefore the eNB can initiate the suspension of the S1 connection and the deactivation of the S1-U bearers immediately. The intention of such signalling from the eNB to the MME is mainly informative unless it is possible that further data in the DL may be received from the S-GW. In short, when AS RAI is provided from the UE indicating that no subsequent DL and UL data transmission is expected, or only a single downlink data transmission subsequent to this uplink data transmission is expected, the eNB can release the UE immediately or for the latter case immediately after single downlink data transmission is completed without waiting for the MME to acknowledge prior to the release.

[bookmark: _Toc32833822]If AS RAI is provided from the UE indicating that no subsequent DL and UL data transmission is expected, or only a single downlink data transmission subsequent to this uplink data transmission is expected, the eNB can release the UE immediately.

Similar observation can also be made for the case when connected to 5GC. Please see below for the related procedures (with the change marks based on the latest endorsed version as the discussion is ongoing ) and the highlighted text.
2.3 User Plane CIoT 5GS optimizations
The RRC connection established for User Plane CIoT 5GS optimization is defined in TS 24.501 [3]. The RRC connection suspend and resume procedures are illustrated in Figures 4 and 5 below, respectively (subclause 7.3a.3 in [4]).


Figure 4: 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 5: 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.


2.4 EDT for User Plane CIoT 5GS optimizations
EDT for User Plane CIoT EPS optimizations is defined in TS 24.501 [3]. Early data transmission (EDT) procedure for User Plane CIoT EPS optimization is illustrated in Figure 6 below (subclause 7.3b.3 in [4]).



Figure 6: MO-EDT for User Plane CIoT 5GS Optimisations
0.	Upon connection resumption request for Mobile Originated data from the upper layers, the UE initiates the MO-EDT procedure and selects a random access preamble configured for EDT.
1.	The UE sends an RRCConnectionResumeRequest to the ng-eNB, including its I-RNTI, the resume cause, and an authentication token. The UE resumes all SRBs and DRBs, derives new security keys using the NextHopChainingCount provided in the RRCConnectionRelease message of the previous connection and re-establishes the AS security. The user data are ciphered and transmitted on DTCH multiplexed with the RRCConnectionResumeRequest message on CCCH. The UE may indicate AS Release Assistance Information.
2.	The uplink data are delivered to the UPF.
3.	The ng-eNB sends a NG-AP Context Resume Request message to the AMF to resume the connection. If the UE included AS Release Assistance information indicating No further UL/DL higher layer PDU in step 1, ng-eNB may request for immediate transition to RRC IDLE with Suspend.
4.	If the AMF does not receive a request for immediate transition to RRC IDLE with Suspend in step 3 or the AMF is aware of downlink data or signalling pending, the AMF requests the SMF to resume the PDU session. 
5.	The AMF sends a NG-AP Context Resume Response to the ng-eNB. If the AMF receives a request for immediate transition to RRC IDLE with Suspend in step 3 and there is no downlink data or signalling pending, the AMF includes a Suspend indication, and keeps the UE in CM-IDLE with Suspend. 
6.	If the AMF includes Suspend indication in step 5, the ng-eNB proceeds to step 8. If the AMF does not include Suspend indication and the UE included AS Release Assistance information indicating Only a single Downlink Data transmission subsequent to the Uplink transmission in step 1, the ng-eNB may wait for the DL data to arrive, and proceeds to step 7.
7	The ng-eNB initiates the NG-AP UE Context Suspend procedure to inform the AMF that the RRC connection is being suspended. The AMF requests the SMF to suspend the PDU session and the SMF requests the UPF to release the tunnel information for the UE.
8.	The eNB sends the RRCConnectionRelease message to keep the UE in RRC_IDLE. The message includes the releaseCause set to rrc-Suspend, the I-RNTI, the NextHopChainingCount and drb-ContinueROHC which are stored by the UE. If downlink data were received in step 6, they are sent ciphered on DTCH multiplexed with the RRCConnectionRelease message on DCCH.
NOTE 1:	If the MME/AMF or (ng-)eNB decides the UE to move in RRC_CONNECTED mode, RRCConnectionResume message is sent in step 7 to fall back to the RRC Connection resume procedure. In that case, the RRCConnectionResume message is integrity protected and ciphered with the keys derived in step 1 and the UE ignores the NextHopChainingCount included in the RRCConnectionResume message. Downlink data can be transmitted on DTCH multiplexed with the RRCConnectionResume message. In addition, an RRCConnectionSetup can also be sent in step 7 to fall back to the RRC Connection establishment procedure.
NOTE 2:	If neither RRCConnectionRelease nor, in case of fallback, RRCConnectionResume is received in response to RRCConnectionResumeRequest for MO-EDT, the UE considers the UL data transmission not successful.

[bookmark: _Toc32833823]If AS RAI is provided from the UE indicating that no subsequent DL and UL data transmission is expected, or only a single downlink data transmission subsequent to this uplink data transmission is expected, the ng-eNB can release the UE immediately.

[bookmark: _Toc32833824]UE power consumption is not optimized if eNB waits for an acknowledgement from the MME/AMF when UE indicates AS RAI implying that no further data are expected from the S-GW and therefore the eNB can initiate the suspension of the S1 connection and the deactivation of the S1-U bearers immediately.

In [4], there is an Editor’s note in subclause 7.3b.3 which states that the description in the subclause is based on S2-1910765 [5] which was agreed at SA2#135, and further checks and official CR approval in SA2 are needed before finalising the description. SA plenary discussed S2-1910765 in SA#86 and approved the CR in S2-1910765 which introduces the following changes regarding the MO-EDT procedure and AS RAI:

4.8.2.X	Connection Resume in CM-IDLE with Suspend and MO EDT procedure
The Connection Resume with Early Data Transmission procedure is used by the UE to optimise sending user data in a single uplink packet and single uplink followed by single downlink packet cases for a UE in CM-IDLE with Suspend. 


Figure 4.8.2.X-1: Connection Resume in RRC Idle with Suspend with EDT
1.	UE to NG-eNB: RRC message (Resume ID, AS RAI) with UL EDT.
	The UE initiates the transition from RRC IDLE with Suspend state to RRC Connected state, see TS 36.300 [9]. 
	The UE may include AS Release Assistance information indicating:
-	No further Uplink and Downlink Data transmission, or
-	Only a single Downlink Data transmission subsequent to the Uplink transmission.
2.	The NG-eNB deciphers the EDT UL data received from the UE and forwards it to the UPF using the N3 UL TEID in the AS context. 
3.	The NG-eNB sends N2 Resume Request to AMF including Resume cause and N2 SM. 
If the UE included AS Release Assistance information indicating No further Uplink and Downlink Data transmission in step 1, NG-eNB may request for immediate transition to RRC IDLE with Suspend. 
4.	[Conditional] The AMF interacts with SMF to establish the N3 tunnel, except for the case:
-	The AMF receives a request for immediate transition to RRC IDLE with Suspend in step 3, and
-	the AMF is not aware of any downlink data or signalling pending. 
5.	The AMF sends an N2 Resume Response to NG-eNB.
If the AMF received a request for immediate transition to RRC IDLE with Suspend in step 3 and there is no downlink data or signalling pending, the AMF includes a Suspend indication, keeps the UE in CM-IDLE with Suspend and restarts the Periodic Registration Timer unless the Strictly Periodic Registration Timer Indication has been provided to the UE during the previous registration procedure.
Otherwise the AMF sends an N2 Resume Response to NG-eNB after the N3 Connectivity has been established, and moves the UE to CM-CONNECTED. If the AMF knows of mobile terminating data or signalling pending, the AMF may include the Extended Connected Time value to the RAN
6.	[Conditional] RRC procedure
6a. If the AMF included the Suspend indication, the NG-eNB releases the RRC Connection with Suspend. The procedure is complete and following steps are skipped.
6b. If the AMF did not include the Suspend indication, and
· The UE did not include AS Release Assistance Indication or
· The AMF included the Extended Connected Time value,
the NG-eNB sends an RRC Resume message to the UE and the UE moves to CM-CONNECTED and RRC Connected. The procedure is complete, and the following steps are skipped.
6c Otherwise, if the AMF did not include Extended Connected Time value, and the UE included AS Release Assistance information with only a single Downlink Data transmission subsequent to the Uplink transmission, the NG-eNB waits for the DL data to arrive and proceeds to steps 7-10. 
7-9 The NG-eNB releases the N3 connectivity by sending an N2 Suspend Request to AMF including Suspend cause and N2 SM. Steps 2-4 of Connection Suspend procedure in clause 4.8.1.2 is executed.  
10.	[Conditional] NG-eNB to UE: RRC message (with DL data).
	The NG-eNB ciphers received DL data. 
The NG-eNB releases the RRC Connection with Suspend including the DL EDT data. 

The CR [5] was approved in the SA plenary, however the following text has been captured in the meeting report:
“Any RAN WG(s) work/enhancement resulting in potential changes to this CR concept can be handled via additional CR(s) in SA2 in future meetings.”
Considering the benefit that can be achieved from UE power consumption standpoint as discussed above, it would be good to inform SA2 so that eNB can release a UE immediately, i.e., without waiting for an acknowledgement from the MME/AMF if the UE indicates AS RAI implying that no further data are expected from the S-GW.

[bookmark: _Toc37376076]From RAN2 standpoint, it would be beneficial if eNB releases the UE immediately, i.e., without waiting for an acknowledgement from the MME/AMF if the UE indicates AS RAI implying that no further data are expected from the S-GW.

[bookmark: _Toc37376077]Send a LS to SA2 to communicate the evaluation above and take the suggestion into account. Also indicate there is a risk that CN may need to release the UE context in RAN to make the UE reachable for the CN and ask if there is a way to minimize this risk in order to secure that the UE power consumption is the lowest possible.

3	Conclusion
In this contribution we discuss the procedures for User Plane CIoT EPS/5GS optimizations and EDT for User Plane CIoT EPS/5GS optimizations with respect to the information provided by AS RAI and whether UE power consumption can be optimized further when AS RAI is provided. The following observations were made:

Observation 1	If AS RAI is provided from the UE indicating that no subsequent DL and UL data transmission is expected, or only a single downlink data transmission subsequent to this uplink data transmission is expected, the eNB can release the UE immediately.
Observation 2	If AS RAI is provided from the UE indicating that no subsequent DL and UL data transmission is expected, or only a single downlink data transmission subsequent to this uplink data transmission is expected, the ng-eNB can release the UE immediately.
Observation 3	UE power consumption is not optimized if eNB waits for an acknowledgement from the MME/AMF when UE indicates AS RAI implying that no further data are expected from the S-GW and therefore the eNB can initiate the suspension of the S1 connection and the deactivation of the S1-U bearers immediately.

Based on the discussion above we propose the following:

Proposal 1	From RAN2 standpoint, it would be beneficial if eNB releases the UE immediately, i.e., without waiting for an acknowledgement from the MME/AMF if the UE indicates AS RAI implying that no further data are expected from the S-GW.
Proposal 2	Send a LS to SA2 to communicate the evaluation above and take the suggestion into account. Also indicate there is a risk that CN may need to release the UE context in RAN to make the UE reachable for the CN and ask if there is a way to minimize this risk in order to secure that the UE power consumption is the lowest possible.
 
[bookmark: _In-sequence_SDU_delivery]4	References
[bookmark: _Ref174151459][bookmark: _Ref189809556]3GPP TS 24.301: "Non-Access-Stratum (NAS) protocol for Evolved Packet System (EPS); Stage 3", 16.3.0, 2019 Dec 20..
TS 36.300, Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2, 16.0.0, 2020 Jan 08.
3GPP TS 24.501: "Non-Access-Stratum (NAS) protocol for 5G System (5GS); Stage 3", 16.3.0, 2019 Dec 20.
R2-1916567, “Running CR on 36.300 for NB-IoT_v5”, RAN2#108, Reno, NV, US, 18 - 22 November 2019.
[bookmark: _Hlk22305966]S2-1910765, “MO EDT for User Plane CIoT 5GS Optimization”, Qualcomm Incorporated, Sony, Samsung, SA2#135, Split, Croatia, 14-18 October 2019.


	4/4	
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


Microsoft_Visio_Drawing7.vsdx
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



image3.emf
UE eNB MME S-GW

Random Access Preamble

Random Access Response

1. RRCConnectionResumeRequest

(resumeID, resumeCause, shortResumeMAC-I)

+ Uplink data

8. RRCConnecionRelease

(releaseCause), resumeID, NCC)

+ Downlink data

2. S1-AP: UE Context Resume Request

 3. Modify Bearer

7. Modify Bearer

7. S1 Suspend procedure

4. S1-AP: UE Context Resume Response

5. Uplink data

6. Downlink data


Microsoft_Visio_Drawing9.vsdx
UE
eNB
MME
S-GW
Random Access Preamble
Random Access Response
1. RRCConnectionResumeRequest
(resumeID, resumeCause, shortResumeMAC-I)
+ Uplink data
8. RRCConnecionRelease
(releaseCause), resumeID, NCC)
+ Downlink data
2. S1-AP: UE Context Resume Request
3. Modify Bearer
7. Modify Bearer
7. S1 Suspend procedure
4. S1-AP: UE Context Resume Response
5. Uplink data
6. Downlink data



image4.emf
UE ng-eNB AMF SMF/UPF

1. ng-eNB decides to suspend the RRC connection

2.NG-AP: Suspend Request

4. NG-AP: Suspend Response

5. RRCConnectionRelease

(releaseCause, resumeIdentity, 

NCC)

3. PDU Session update and 

N4 session modification

6. UE AS context stored and 

SRBs and DRBs suspended; UE 

enters RRC_IDLE

UL data

DL data


Microsoft_Visio_Drawing4.vsdx
UE
ng-eNB
AMF
SMF/UPF
1. ng-eNB decides to suspend the RRC connection
2.NG-AP: Suspend Request
4. NG-AP: Suspend Response
5. RRCConnectionRelease
(releaseCause, resumeIdentity, NCC)
3. PDU Session update and N4 session modification
6. UE AS context stored and SRBs and DRBs suspended; UE enters RRC_IDLE
UL data
DL data



image5.emf
UE ng-eNB AMF SMF/UPF

Random Access Preamble

Random Access Response

1. RRCConnectionResumeRequest

(I-RNTI, resumeCause, shortResumeMAC-I)

2. RRCConnectionResume

4. RRCConnectionResumeComplete

5. NG-AP: Resume Request

7. NG-AP: Resume Response

UL data

DL data

6. PDU Session update and 

N4 session modification

3. UE enters RRC_CONNECTED.


Microsoft_Visio_Drawing61.vsdx
UE
ng-eNB
AMF
SMF/UPF
Random Access Preamble
Random Access Response
1. RRCConnectionResumeRequest
(I-RNTI, resumeCause, shortResumeMAC-I)
2. RRCConnectionResume 
4. RRCConnectionResumeComplete
5. NG-AP: Resume Request
7. NG-AP: Resume Response
UL data
DL data
6. PDU Session update and N4 session modification
3. UE enters RRC_CONNECTED.



image6.emf
UE ng-eNB AMF SMF

Random Access Preamble

Random Access Response

1. RRCConnectionResumeRequest

(I-RNTI, resumeCause, shortResumeMAC-I)

+ Uplink data + AS RAI 

3. NG-AP: UE Context Resume Request

(Immediate Supend Indication (optional))

 4. PDU Session Update and N4 session modification

5. NG-AP: UE Context Resume Response

(Suspend indication))

2. Uplink data

7. NG-AP: UE Context Suspend procedure 

6. Downlink data

8 RRCConnectionRelease

(releaseCause, I-RNTI, NCC)

+ Downlink data

UPF

 7. PDU Session Update and N4 session modification


Microsoft_Visio_Drawing11.vsdx
UE
ng-eNB
AMF
SMF
Random Access Preamble
Random Access Response
1. RRCConnectionResumeRequest
(I-RNTI, resumeCause, shortResumeMAC-I)
+ Uplink data + AS RAI
3. NG-AP: UE Context Resume Request
(Immediate Supend Indication (optional))
4. PDU Session Update and N4 session modification
5. NG-AP: UE Context Resume Response
(Suspend indication))
2. Uplink data
7. NG-AP: UE Context Suspend procedure
6. Downlink data
8 RRCConnectionRelease
(releaseCause, I-RNTI, NCC)
+ Downlink data
UPF
7. PDU Session Update and N4 session modification



image7.emf
NG-eNB Serving AMF UE

1. RRC message w EDT

CM-IDLE w Susp. CM-IDLE w Susp.

3. N2 Resume Req

SMF UPF

5. N2 Resume Resp

2. UL data

6a. RRC release 

6c. DL data

4. Establish N3 connectivity

6b. RRC connection estbalishment

7. N2 Suspend Req

9. N2 Suspend Resp

8. Release N3 connectivity

10. RRC release (DL data) 


oleObject1.bin
NG-eNB


Serving AMF


UE


1. RRC message w EDT


CM-IDLE w Susp.


CM-IDLE w Susp.


3. N2 Resume Req


SMF


UPF


5. N2 Resume Resp


2. UL data



image1.emf
UE eNB MME S-GW

1. eNB decides to suspend the RRC connection

2. S1-AP: UE Context Suspend Request

4. S1-AP: UE Context Suspend Response

5. RRCConnectionRelease

(releaseCause, resumeIdentity, 

NCC (optional))

3. Release Access Bearers

6. UE AS context stored and 

SRBs and DRBs suspended; UE 

enters RRC_IDLE

UL data

DL data


Microsoft_Visio_Drawing6.vsdx
UE
eNB
MME
S-GW
1. eNB decides to suspend the RRC connection
2. S1-AP: UE Context Suspend Request
4. S1-AP: UE Context Suspend Response
5. RRCConnectionRelease
(releaseCause, resumeIdentity, NCC (optional))
3. Release Access Bearers
6. UE AS context stored and SRBs and DRBs suspended; UE enters RRC_IDLE
UL data
DL data



