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Abstract of the contribution: Introduction of a solution reducing the signalling overhead at UE Idle/Connected state transition.
Introduction
SA#67 agreed a new study item on ‘Study on architecture enhancements of cellular systems for ultra low complexity and low throughput Internet of Things’ where one of the objectives is to:
· To support highly efficient handling of frequent and infrequent small data transmissions (e.g. based on the traffic model in TR 45.820) with minimised overhead for system signalling without compromising e.g. security.
The main contributors to the signaling overhead are procedures used in current S1-based EPS architecture required for UE state transition, i.e. at transition between the Idle and the Connected state. This P-CR introduces a solution reducing considerable that said signalling overhead addressing the Key Issues on Frequent and Infrequent data transfer. 
-----------------------------------------First Change--------------------------------------------------------
6
Solutions
6.1
Solution #: UE state transition signalling reduction
6.1.1
Description
Editor's Note:
Describe the solutions. First Sentence should list solution corresponds to which key issue #. Sub-clause(s) may be added to capture details, procedural flow etc. 
6.1.1.1    General
The main contributors to the signaling overhead are procedures used in current S1-based EPS architecture required for UE state transition, i.e. at transition between the Idle and the Connected state.
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Figure 6.1.1.1.1 Legacy connection setup
Figure 6.1.1.1.1 illustrates current S1/EPS architecture based procedures required to establish and tear down a connection in order for the UE to be able to transfer/receive user plane, i.e. procedures applicable at UE Idle/Connected state transition. As can be seen there is a significant signalling overhead on the radio/Uu, S1AP interface. 
In order to reduce the signaling overhead and the associated processing load in the network required by the procedures illustrated above a solution is proposed that is based on the re-use of information from the previous RRC connection for the subsequent RRC connection setup. 
It is proposed that this functionality is supported on a eNB basis, i.e. the resumption of the previously suspended connection is limited to the cells configured on the eNB where that connection was previously suspended. It is furthermore suggested to keep the current paradigm whereby UEs are unaware of the network topology, i.e. UEs unaware of the actual eNBs. To accomplish that task it is suggested to identify an area where a given UE can resume its connection, i.e. a ‘RRC Resume Area’ which may consists of a set of cells. That identity is referred to in this document as ‘RRC Resume Area ID’.
The signalling overhead reduction is realized by introducing two new procedures ‘RRC Suspend’ and ‘RRC Resume’ that are described in sub-clauses 6.1.1.2 and 6.1.1.3.
6.1.1.2   RRC Suspend
The RRC Suspend procedure is used at transition from RRC-Connected to RRC-Idle:

-
the eNodeB and the UE store previous RRC connection related information, e.g. Access Stratum Security Context, bearer related information (incl. RoHC state information) and L2/1 parameters when applicable. The eNB provides the UE with a identifier, referred as ‘Resume ID’, used to address the relevant information stored in the eNB. UE associates the suspension and thus the ‘Resume ID’ with ‘RRC Resume Area’ where the RRC Suspend procedure was executed.
-
Relevant network nodes store  S1-MME UE association and S1-U bearer context related information. This basically means that the S1AP UE Contexts are stored and kept in the eNB and the MME. Additionally, the the eNB stores and keeps the S1-U tunnel addresses. The latter reduces the processing load on the eNB required for establishment of  S1-U bearers.
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Figure 6.1.1.2.1 Suspension of a RRC Connection.
1. Network decides the release the RRC Connection.

2. eNB indicates to MME with a new S1AP message that the UE’s RRC connection is suspended. MME and eNB store the S1AP association and the related UE Contexts. MME considers the UE being in EMM Idle. MME stores the DL TEIDs associated with the UE and eNodeB.
3. The MME sends a Release Access Bearers Request (Abnormal Release of Radio Link Indication) message to the S‑GW that requests the release of all S1-U bearers for the UE.. SGW considers UE being in Idle state.
4. SGW provides a response to the step 3. 
5. MME Acks step 2.
6. eNB suspends the RRC Connection towards the UE. An identifier that is used at subsequent resumption of that suspended RRC Connection can be provided. The UE and the eNB store the related Context information, i.e. RRC configuration, bearer configuration (including RoHC state information), Access Stratum Security Context and L2/1 parameters when applicable. UE EMM layer remains in EMM Connected state while UE RRC layer moves into Idle state.
6.1.1.3 RRC Resume
At the next transition from RRC-Idle to RRC-Connected, previously stored information in the UE as well as in the eNodeB is utilized to establish RRC connection. 
UE provides the previously received ‘Resume ID’ to be used by the eNB to access the stored information required to resume the RRC Connection. Furthermore it provides an Authentication Token used to securely identify the UE. 
Relevant network nodes re-store/re-use S1-MME UE S1AP association and S1-U bearer context related information.
The precondition for the UE to attempt RRC Resume is that it camps on a cell that belongs to the ‘RRC Resume Area (RRC Resume Area ID)’ where UE’s RRC connection has been suspended
Given that the UE EMM layer is in Connected state no Service Request will be issued and thus there is no need for RRC Connection Setup Complete message that is used to carry that message.
The procedure is illustrated in figure 6.1.1.3.1 below.
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Figure 6.1.1.3.1 Resumption of a previously suspended RRC connection.
Steps 1 and 2 are following the legacy procedure when UE accesses the network from RRC Idle state.
3. In msg3, designated here as RRC Connection Resume Request, the UE includes its Resume Id, Authentication Token, Bearer Ind, Establishment Cause). eNB uses Resume Id to associate the UE with the previously stored UE Context.

4. In msg 4, designated here as RRC Connection Resume Complete the network indicates which DRBs are resumed, furthermore it includes the Resume Id and if applicable updated L2/1 parameters.
5. UE and eNB reuse old ‘security keys’.
6. eNB notifies the MME about UE state change in a new S1AP message designated here as S1-AP UE Context Active. MME considers the UE being in EMM Connected. MME identifies that the UE returns at the eNodeB for which MME has stored information about allocated DL TEIDs for the UE.
7. The MME sends a Modify Bearer Request message (eNodeB address, S1 TEID(s) (DL) for the accepted EPS bearers, Delay Downlink Packet Notification Request, RAT Type) per PDN connection to the Serving GW. If the Serving GW supports Modify Access Bearers Request procedure and if there is no need for the Serving GW to send the signalling to the PGW, the MME may send Modify Access Bearers Request (eNodeB address(es) and TEIDs for downlink user plane for the accepted EPS bearers, Delay Downlink Packet Notification Request) per UE to the Serving GW to optimize the signalling. The Serving GW is now able to transmit downlink data towards the UE.SGW considers UE being in Connected state.
8. SGW provides as response to step 7.
9. MME acks step 6.
6.1.1.4  State handling

The relevant state transitions are depicted in the figures 6.1.1.4.1 and 6.1.1.4.2 below.


[image: image4]
Figure 6.1.1.4 1 UE state transition

The purpose of keeping the UE in EMM Connected state while keeping it in RRC Idle state when the RRC connection is suspended is twofold:

-
Avoiding to send Service Request message at the Idle to Connected transition and thus avoiding signalling overhead.

-
Reducing the impacts on the UE NAS layer implementation.

In case the RRC layer in state 2 need to send uplink data,  it verifies if RRC Resume is possible, i.e. whether it camps on a cell that belongs to the RRC Resume Area where its previous RRC connection were suspended and whether access class barring allows the connection.
In case RRC Resume is not possible to be used, the RRC layer needs to take proper action to ensure that the RRC connection is established. RRC layer thus triggers local release of EMM layer, followed by EMM attempt  to establish the connection using legacy means, i.e. trigger RRC Connection establishment and  Service Request (or other relevant EMM procedure).

For the case that RRC receives Paging while in state 2 and RRC Resume is possible, the UE attempts the RRC Resume procedure as described in sub-clause 6.1.1.3. eNB indicates to the MME paging response in the S1-AP UE Context Active message.
For the case that RRC receives Paging while in state 2 that requires interaction with the EMM layer, e.g. CSFB triggered paging and RRC Resume is possible, the RRC layer stores the Paging message, locally releases the EMM layer, and forwards the relevant content of the RRC Paging message to the EMM layer.
For the case that RRC receives Paging while in state 2 and RRC Resume is not possible, it store the Paging message, locally releases the EMM layer, and forwards the relevant content of the RRC Paging message to the EMM layer.

[image: image5]
Figure 6.1.1.4 2 MME UE state transition

In figure 6.1.1.4.2 while EMM is in state 2 the SGW is made aware over S11 interface that the UE is now in Idle but the S1-U bearers are kept. Hence Data arriving at the SGW will trigger a Downlink Data Notification the MME and consequently the MME will page the UE.
6.1.2
Impacts on existing nodes and functionality
Editor's Note:
Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW etc.).
-
MME: support for EMM layer coordination when the new procedures on S1AP are used, i.e. the relevant S1AP procedures triggered by the ‘RRC Suspend’ and ‘RRC Resume’ procedures on the radio interface.
-
eNB: support for storing of UE Context with relevant radio interface parameters as well as S1AP association related parameters when UE has moved into RRC-Idle state by means of new ‘RRC Suspend’ procedure. Support for new procedures to suspend/resume the connection with the UE between the eNB and the UE as well as between the eNB and the MME.

-
UE: support for storing of relevant radio interface when UE has moved into RRC-Idle state by means of new ‘RRC Suspend’ procedure. Support for AS layer coordination when the RRC Suspend and RRC Resume procedure is used.
6.1.3
Solution Evaluation

Editor's Note:
Use this section for evaluation at solution level. Evaluation at key issue level is done in a separate clause.
This solution reduces the signalling overhead required for UE state transition from Idle to Connected in order to have a user plane transaction with the network and back to Idle state. The solution maintains the existing EPS architecture and user plane transfer principles and thus can be used for any RAT that uses S1 or a variance of S1.
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