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1 Introduction
Section 13.2 of the RAN TR 25.912 ‎[1] shows an example of a control plane establishment procedure. The analysis in the TR shows that the transition from LTE_IDLE to LTE_ACTIVE can be kept within the 100 ms delay requirement ‎[2] by establishing the control-plane with a three-way handshake between the UE and the network.  
In this contribution, we look further into this control plane activation procedure. In particular, we elaborate on the interplay between AS, NAS and S1 signaling. 
We propose that RAN2 and RAN3 adopt signaling approaches that facilitate parallel execution of AS, NAS and S1 procedures.  
2 Discussion
Figure 1 includes the Control Plane activation procedure as outlined in ‎[1]. As can be seen, the L3 signaling is as a three-way handshake between the UE and the network (“Connection Request” followed by a “Setup”, which is responded to with a “Complete” message).  
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Figure 1: Transition from LTE_IDLE/RRC_IDLE to LTE_ACTIVE/RRC_CONNECTED (the figure is based on Figure 13.1 in TR 25.912 ‎[1]).  

The signaling sketch in Figure 1 lacks many details, but it shows a clear intention to facilitate the state transition from LTE_IDLE/RRC_IDLE to LTE_ACTIVE/RRC_CONNECTED with a single three-way handshake. The transition involves several steps, some of which has been performed sequentially in the current UTRAN. Parallel execution of these steps means that the interplay between the different signaling layers has to be considered carefully. 

As the starting-point, we assume that the UE is in LTE_IDLE, has at least one SAE bearer and a stored context including security associated information. In the infrastructure, all RAN-related context information is stored in the MME. In addition the UPE stores PDCP contexts (security / HC) for ongoing SAE bearers. 
The protocols involved in the exemplified transition include RRC, NAS and S1 signaling protocols: 

· RRC: RRC shall go from RRC_IDLE to RRC_CONNECTED. This implies that an RRC connection between the UE and the eNB need to be established. The eNB shall receive necessary semi-static RAN-related information from the MME, but any dynamic information of the Uu+ configuration need to be (re-)configured by RRC. 
· NAS: The NAS MM-state shall go from LTE_IDLE to LTE_ACTIVE, and the NAS shall respond to the NAS service request. Details of the NAS protocol are outside the scope of the RAN groups.  
· S1: The UE context stored in the MME shall be transferred over the S1 interface. This context shall include information such as UE capabilities, configured SAE Bearers and their QoS parameters, L2 multiplexing information, RRC security parameters etc. The MME shall also configure the connection end-points in the eNB, so that the eNB can route uplink user-plane packets to the correct UPE. 
All three protocols require at least one signaling transaction between the peers. Thus, in order to facilitate the three-way handshake, parallel execution is necessary. This parallel execution is outlined in Figure 2. The numbering below refers to the signaling sequence in the figure.  
1. The UE sends an RRC Connection Request to the eNB. The message carries a NAS Direct Transfer message including an encrypted NAS Service Request message. 

2. The NAS Service Request message is 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 a temporary identifier over S1 by which the UE can be addressed by MME over the S1 interface.  
3. The MME sets up the S1 user-plane from the eNB to the UPE. The S1 message also includes the aforementioned UE context that minimizes the need to transfer such semi-static information over Uu+. The S1 message contains the encrypted NAS Service Accept message. 

4.  eNB forwards the NAS Service Accept message within an RRC Connection Setup message. The RRC connection setup message includes non-static configuration information that the is needed by the UE and eNB and which is  not stored in the UE context. 

5. The UE responds with an RRC Connection Complete message. The UE is now ready to send and receive in LTE_ACTIVE/RRC_CONNECTED. 
In addition, we note that the eNB should confirm the S1 Connection Setup (in 4a, Figure 2), such that the MME can configure the downlink packet routing in the UPE such that DL packets arrive at the right eNB, c.f.  ‎[3]. 
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Figure 2: Transition from LTE_IDLE/RRC_IDLE to LTE_ACTIVE/RRC_CONNECTED (the figure is based on Figure 13.1 in TR 25.912 ‎[1], where the step-numbering resembles with the original to facilitate easy comparison ).  

In order to realize the 3-way handshake, we observe the necessity to facilitate parallel execution of AS, NAS and S1 procedures. NAS messages should therefore be carried as Direct Transfer messages in S1 and RRC messages.  
We note that parallel execution may complicate the resolution of error cases somewhat, as opposed to sequential execution. The error-cases therefore need further attention, in case the RAN groups accept the parallel approach as its working assumption. For example, if the S1 Connection setup is rejected by the eNB, it is then FFS if the eNB, and depending on the rejection cause, should continue with an RRC Connection Setup even if the S1 connection is rejected. 
3 Conclusion and proposal
In this contribution, we provided an analysis of the C-plane activation procedure as outlined in ‎[1]. The outlined 3-way handshake means that several control-plane procedures need to be executed in parallel. We propose that the RAN groups adopt this parallel solution as its working assumption, where NAS messages are embedded as Direct Transfer messages in both S1 and RRC.  
Provided the parallel approach is accepted as the way forward, the error cases, i.e. the situation when the sequence is terminated unsuccessfully, need to be analyzed further. 
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