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1 Introduction  
A UE going from LTE_IDLE to LTE_ACTIVE needs S1 connectivity, which shall be established during the state transition. This is evident, since a UE in LTE_IDLE is not known in the E-UTRAN, while a UE in LTE_ACTIVE is known in an eNB and the UE is ready to send and receive data. However, little has yet been agreed on the relevant S1 connection establishment procedures. In this contribution, we outline an approach for this S1 connection management.  We propose to capture the necessary steps to facilitate this S1 connection setup in the RAN3 TR ‎[3].   
2 Discussion
The TS 36.300 ‎[4] defines that a UE  in LTE_ACTIVE  has (at least) one IP address. This means that the UE should be ready to send and receive data over its SAE bearers, and consequently that a UE in LTE_ACTIVE needs S1 connectivity both in a control- and user-plane sense. S1-C is needed for S1 control signaling and forwarding of NAS over S1, while transport bearers over S1-U are needed for carrying user-plane traffic over configured SAE bearers.  We have not identified any reasons for maintaining stand-alone S1 control-plane or S1 use-plane connectivity for UEs in LTE_ACTIVE, except during transient states. 
Conclusion 1: We propose RAN3 to agree that both S1 control-plane and S1 user-plane connectivity is established for UEs in LTE_ACTIVE. 
Figure 1 includes the UE initiated Control Plane activation procedure as outlined in ‎[1]. The present illustration assumes the UE is in LTE_IDLE in the beginning of the sequence. While the exact RRC procedures are pending decisions in RAN2, it is evident that the control plane activation procedure will result in a “NAS Service Request” following after, or appended with the RRC Connection Request message. 
In the following, we focus on the S1 Connection Setup sequence triggered by this NAS Service Request. The sequence of relevance for S1 is illustrated in Figure 2. 
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Figure 1: Transition from LTE_IDLE to LTE_ACTIVE (the figure is based on Figure 13.1 in TR 25.912 ‎[1]). In the present contribution, we focus on the S1 aspects of the state change indicated by the dashed square.   
As a starting-point, we assume that the UE is in LTE_IDLE, it has at least one SAE bearer and a stored context, where the context includes at least security information for PCDP and RRC ciphering and integrity protection. In the infrastructure, relevant context information is stored in the MME. In addition, the UPE stores PDCP contexts (for security / HC) of configured SAE bearers.  
During the state-transition, the following aspects have influence on the S1 signaling: 
· The UE context stored in the MME shall be transferred over the S1 interface. This context shall include information like UE capabilities, configured SAE Bearers and their QoS parameters,   RRC security parameters etc. 
· The MME shall provide the uplink connection end-points identifiers to the eNB, so that the eNB can route uplink user-plane packets to the correct UPE. We assume here that the MME stores the connection UPE connection identifiers of configured SAE bearers. The eNB needs to respond with downlink end-point identifiers carrying configured SAE bearer traffic needed for downlink user-plane routing from the UPE to the correct eNB.  
Clearly, the first bullet is closely associated with control information for Radio Bearer setup, while the second bullet is for establishing S1 connectivity for the user-plane. Note that the solution for S1 control-plane addressing is still open ‎[6] and not discussed further in this contribution. See ‎[7] for a comparison of the alternatives. Here, we therefore focus on the S1 user-plane establishment. 
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Figure 2: Illustration of the S1 setup procedure. The S1 user-plane setup is initiated from the MME as a response to the NAS request. Arrows indicate when the S1 user-plane is available for the uplink and downlink, respectively.  

Below, we describe the necessary procedures with reference to the signal sequence numbering in Figure 2:  
1. The NAS Service Request is transparently forwarded to the MME responsible for the UE. The NAS message is transferred in an S1 container.  The UE is not yet identified in the eNB. The eNB creates a temporary context for the UE and uses an identifier over S1 by which the UE can be addressed by the MME over the S1 interface, c.f.. ‎[6]and ‎[7]. Note that the S1 Initial UE Message can carry any NAS message for a UE that lacks S1-C connectivity, such as Tracking Area Update or initial Attach.  
2. In response to the NAS message, the MME configures the S1 user-plane from the eNB to the UPE. The S1 message includes the aforementioned UE context that minimizes the need to transfer semi-static information over Uu interface. Following the agreement of ‎[5] to carry NAS messages in S1 containers, the S1 message can contain an encrypted NAS message for further forwarding over the Uu.  Note that the S1 Context Setup message shall include the UPE connection end-point identifiers of relevant transport bearers. This means that the S1 user-plane is ready for uplink transmission over configured SAE bearers after processing of this signal. 
3. The eNB responds by confirming the S1 Context Setup message to the MME. The message shall also include eNB connection end-point identifiers of relevant transport bearers, such that the UPE can route downlink data to the correct eNB. 

4. The eNB connection identifiers are forwarded to the UPE. After the reception of this signal at the UPE, the DL S1 user-plane is ready. Note that this part is outside RAN3 scope (c.f.  ‎[2]). 
From the steps described above, we draw the following conclusions of relevance for S1-C and S1-U: 

Conclusion 2: A procedure for “Initial UE message” for transparent forwarding of NAS messages must be supported over the S1 control plane. 

Conclusion 3: The S1-U configuration is initiated by the MME. The request of S1-U connectivity shall include uplink connection end-point identifiers towards the UPE. 

Conclusion 4: The successful response to the S1-U configuration request shall include downlink eNB connection end-point identifiers of configured S1-U transport bearers.
While we focused the present contribution on the state-transition from LTE_IDLE to LTE_ACTIVE, we note that the conclusions above are also applicable to the following cases: 
Initial Attach: The same procedure over S1 applies, the only difference being that the UE has no connectivity to any MME or UPE. This means that the eNB will choose the MME, and the MME needs to allocate resources from a UPE before it requests for S1-U connection(s). 
SAE bearer setup: In this case, the UE already has both S1-C and S1-U connectivity and the MME is requesting to add another transport bearer for carrying the traffic of a new SAE bearer. 
3 Conclusion and proposal
From the analysis above, we propose that RAN3 agrees on the following bullets related to S1 connection handling to be captured in Section 7.2 of the RAN3 TR ‎[3]: 
· Both S1 control-plane and S1 user-plane connectivity shall be established for UEs in LTE_ACTIVE. Stand-alone S1 control-plane connectivity is only possible during transient states. 
· A procedure for “Initial UE message” shall be supported by the S1 Control Plane protocol. 
· A procedure for S1 Context Setup initiated by the MME shall be supported. The request shall include UPE connection end-point identifiers of the transport bearers requested for S1-U. 
· The successful response from the eNB to the S1 Context Setup request shall include eNB connection endpoint identifiers of configured S1-U transport bearers. 
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