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1
Discussion
SA2 received an LS from RAN2 in S2-2004804 (R2-2003859) on AS RAI and optimization of release. In this LS RAN2 informs SA2 that UE power consumption can be optimized when eNB releases the RRC connection immediately after successful transmission of the uplink data. This is achieved by avoiding waiting for a response signaling from the AMF/MME, i.e. eNB releases the RRC connection subsequent to step 1 in figure 1 below (TS 23.502, section 4.8.2.4). The addressed scenario is where AS RAI indicates that no further data in UL nor DL is expected.
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Figure 1: Connection Resume in RRC Idle with Suspend with EDT

Current specification injects additional connection time for every transaction, see step 1 to step 6. In context of UE power consumption reduction, the additional connection time is significant as it occurs at each and every transaction and thus must be considered not as a singular event but as accumulated amount of time and thus accumulated additional UE battery power consumption over the UE’s lifetime.
Observation 1: Added connection time at each transaction must be considered as additional power consumption accumulated over UE’s lifetime.
It has been argued that the added connection time s required to ensure that any potential pending downlink transaction can be concluded in this ongoing procedure. However, the EDT functionality has been designed to minimize UE power consumption at MO transmission of single UL packet. Therefore, in vast majority of the transactions there won’t be any downlink transaction pending.
Observation 2: Most of the time the added connection time at each transaction is not needed and won’t be used for any purpose.
Proposal 1: It is proposed to update the relevant procedures so that NG-eNB can release the RRC connection subsequent to reception of the UL data when AS RAI indicates that no further data in UL nor DL is expected.

While it is fair to assume that most of the time there won’t be any downlink transaction pending, the sourcing companies do not preclude this scenario but want to propose a solution that does not waste power and limit battery lifetime as per current specification (see figure 1). The aim of the solution is to enable NG-eNB to prolong the RRC connection only when there is actually downlink transaction pending instead of always, regardless whether any downlink transaction is pending or not. This solution is based on notification sent from AMF to NG-eNB indicating that there is downlink transaction pending in the UE Context Modification message. The NG-eNB considers this information when managing the RRC connection, see figure 2 below (TS 23.502 section 4.2.3.3).
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Figure 2: Network Triggered Service Request

Following includes changes to the step 3b:

If the UE is in CM-IDLE with Suspend, and the AMF determines that the UE is not reachable for paging, the AMF shall send a NGAP UE Context Modification Request including Extended Connected Time value to inform the NG-eNB about pending DL data/signalling unless NG-eNB has already been informed about this earlier during current power saving cycle.
With the change outlined above, NG-eNB becomes aware of any pending downlink transaction and can selectively prolong the connection time only when there is actually a pending transaction so that the downlink transaction can be successfully concluded.
Proposal 2: It is proposed to modify the NGAP, e.g. UE Context Modification Request message, to ensure that NG-eNB is aware of pending downlink transactions and can take that information into the RRC management.
Considerations for EPS

It is noticed that the solutions for MO EDT for CIoT UP optimization in EPS and 5GS are not aligned, see Annex A.  MO EDT for CIoT UP optimization in 5GS enables the NG-eNB to request immediate release subsequent to uplink data transfer in step 3, this is however supported in the solution for EPS. It is therefore proposed to:

- align the solution for EPS with the solution for 5GS;

- add the possibility for further power saving also to the solution for EPS.

Proposal 3: It is proposed to agree on alignment of the MO EDT solution for CIoT UP optimisation for EPS with the solution for 5GS. If accepted, this will be liaised with RAN2 and RAN3 and CR(s) to TS 23.401 will be provided to next SA2 meeting.
3
Proposal
Based on the analysis above, the sourcing companies propose:

 Proposal 1: It is proposed to update the relevant procedures so that NG-eNB can release the RRC connection subsequent to reception of the UL data when AS RAI indicates that no further data in UL nor DL is expected and there is no indication of pending downlink transaction for that UE.

Proposal 2: It is proposed to modify the NGAP, e.g. UE Context Modification Request message, to ensure that NG-eNB is aware of pending downlink transactions and can take that information into the RRC management.
Proposal 3: It is proposed to agree on alignment of the MO EDT solution for CIoT UP optimisation for EPS with the solution for 5GS. If accepted, this will be liaised with RAN2 and RAN3 and CR(s) to TS 23.401 will be provided to next SA2 meeting.
CR to TS 23.502 is provided in S2-2005148 and a response draft LS to RAN2 with RAN3 being added in S2-2005149.
Annex A

Frome TS 36.300:

7.3b.3
MO-EDT for User Plane CIoT EPS/5GS optimisations

MO-EDT for User Plane CIoT EPS optimisation, as defined in TS 24.301 [20], and for User Plane CIoT 5GS Optimisation, as defined in TS 24.501 [91], are characterized as below:

-
The UE has been provided with a NextHopChainingCount in the RRCConnectionRelease message with suspend indication;

-
Uplink user data are transmitted on DTCH multiplexed with UL RRCConnectionResumeRequest message on CCCH;

-
Downlink user data are optionally transmitted on DTCH multiplexed with DL RRCConnectionRelease message on DCCH;

-
The short resume MAC-I is reused as the authentication token for RRCConnectionResumeRequest message and is calculated using the integrity key from the previous connection;

-
The user data in uplink and downlink are ciphered. The keys are derived using the NextHopChainingCount provided in the RRCConnectionRelease message of the previous RRC connection;

-
The RRCConnectionRelease message is integrity protected and ciphered using the newly derived keys;

-
There is no transition to RRC CONNECTED.

The MO-EDT procedure for User Plane CIoT EPS optimisation is illustrated in Figure 7.3b-2.
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Figure 7.3b-2: MO-EDT for User Plane CIoT EPS Optimisation

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 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 RRC connection and re-establishes the AS security. The user data are ciphered and transmitted on DTCH multiplexed with the RRCConnectionResumeRequest message on CCCH. If enabled in the cell, the UE may indicate AS Release Assistance Information.

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.

7.
If no further data are expected, 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.
The MO-EDT procedure for User Plane CIoT 5GS Optimisation is illustrated in Figure 7.3b-2a.
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Figure 7.3b-2a: MO-EDT for User Plane CIoT 5GS Optimisation
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.
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