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1 Introduction
The present contribution is a re-submission of R2-063237. 

The analysis in Section 13.2 of the RAN TR 25.912 ‎[1] shows that the control plane establishment delay from LTE_IDLE to LTE_ACTIVE can be kept within the 100 ms delay requirement. 
In ‎[3], it was suggested that that user-plane transmission should be possible to commence during the state-transition from LTE_IDLE to LTE_ACTIVE. The primary benefit of this approach is to further reduce the delay of the first few uplink packets, as they can be transmitted in parallel with the control signaling. Different flavors of the original proposal are included e.g. in ‎[4] and ‎[5]. 
This contribution is discussing various issues with early UL data transmission which requires further studies before any conclusion to support it can be taken.

Regardless if early UL data transmission should be supported or not, it is shown that the state transition from LTE_IDLE to LTE_ACTIVE can be done using control plane signaling as opposed to relying on user-plane triggered state-transition. A UP triggered transition would lead to a less clean CP / UP functionality split.

2 Discussion
A UE in LTE_IDLE/RRC_IDLE does not have any RRC connection and the UE is unknown to the eNB. In LTE_ACTIVE/RRC_CONNECTED the UE is known in the eNB and the UE is ready to send and receive user-plane data (over one or several SAE bearers / radio bearers). The state-transition and related control-messages as depicted in ‎[1] are illustrated in Figure 1. 
The proposal in ‎[3] suggests that the UE should be allowed to send and receive (the first few packets of ) data during the state transition from LTE_IDLE to LTE_ACTIVE. The UE would be allowed to send such Early UP packets using the Initial Scheduling Grant in parallel with the first “RRC Connection Request” message. The proposal in ‎[3]  also suggests that the state-transition and related control signaling is triggered by the first Early UP packet arrival to the UPE (not shown in Figure 2). Regardless if early UE data transmission is supported it should however also be technically possible to trigger the state transition using control plane signaling as illustrated in Figure 2, while still using early UL data transmission.  
The Early UP solution was also addressed e.g. in ‎[5], where different flavors of the Early UP transmission where suggested and analyzed. One solution is to route Early UP packets via the MME, while another approach is to store the Early UP packets in the eNB and forward them only after the reception of the “Connection Setup” message over S1. All three alternatives are illustrated in Figure 2.  
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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], where the step-numbering resembles with the original to facilitate easy comparison ).
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Figure 2: Three flavours of Early UP transmission: The “Early UP to UPE” refers to the first proposal in ‎[3], where the first UP packets are forwarded to UPE prior to any Control-Plane signalling. The second two are depicted in ‎[5], where one solution relies on MME forwarding of Early UP packets, and the other relies on e-NB buffering until the S1 routing towards the UPE is established. 
2.1 Delay differences and functional implications
An analysis of the delay of the three Early UP solutions was provided in ‎[5]. Of the Early UP solutions, the delay benefit is most significant with direct forwarding to the UPE, while the MME forwarding and e-NB solutions provide less in return. The analysis in ‎[5] suggests that the delay-gain for the Early UP packets is in the order of 30 ms for the “Direct UP to UPE” solution, while the “MME forwarding” and “eNB buffering” solutions give some 20 ms and 10 ms delay reduction, respectively.  It should be noted however that the delay benefits are for UE oriented connection establishments alone. The solution does not provide gains for    network-oriented connection establishments (paging).
The problem with the Early UP solutions is that they result in additional complexity. It should therefore be carefully judged if the gains of allowing Early UP transmission are justified in the light of the added complexity. Below, we describe a number of issues that arises from the Early UP solutions (see also ‎[7]):     
a.) Resource misuse and security threats in the RAN/CN
In the Early UP solution, the UE is not known to the RAN during the Early UP transmissions. How much, and for how long should the UE be allowed to send user-plane over an eNB to which it is not known? With the Early UP solution, the eNB cannot deny a UE from repeatedly sending UP packets even if the UE is denied service from the CN. Thus, the RAN has limited means to hinder malfunctioning and/or unauthenticated UEs from sending UP packets through it.  
All three Early UP approaches suffer from the issues identified above. In the “MME forwarding” and the “eNB buffering” solutions however, packets from unauthorized UEs can be hindered from reaching the UPE.  
In the direct to UPE solution, added complexity would also be required in the UPE to authenticate the end user based on end user data, which is not required in the other solutions where the MME could inform the UPE that the UE has arrived. 
b.) Link-layer configuration and QoS  
During the Early UP packets, the eNB has no info of the SAE bearers that the UE has configured and the Early packets must thus be transmitted over some “default” bearer (both over the radio and the transport network). Note that the “default” bearer is common to all UEs in the cell irrespectively of subscription or SAE bearer. This means that critical messages (e.g. SIP signaling) would be treated in the same way as less important packets (e.g. keep-alive messages of applications).The RAN cannot make use of the RLC and MAC configuration stored in an UE context, since the UE is unknown to the eNB and the eNB has not yet received any UE context from the MME, c.f. ‎[6]. 
All three Early UP approaches suffer from the radio-related issues. The “eNB buffering” solution would allow for appropriate addressing and QoS in the transport network towards the UPE.    
c.) UE capability
 The eNB has no knowledge of the UE capability, and must therefore schedule the Early UP according to minimum capabilities.
This counts for all Early UP solutions.  

d.) Routing of first packets 
The Early UP packets must be routed to the correct UPE. The UE must therefore know the destination UPE of the Early UP packet, so that the eNB can route it correctly. This adds to the complexity of Tracking Area Update procedures as well as the UE implementation. The Early UP packets must also include sufficient SAE Bearer information, such that the UPE can forward the Early UP packets to the correct ciphering engine and SAE Bearer end-point. Special care might also be needed to route the packet to the correct APN in case the UE supports multiple APNs (e.g. multiple IP addresses). Particular error-cases could also arise if the connection is rejected after the transmission of the Early UP packets.  

This problem is relevant for the “Early UP to UPE” solution. 
e.) MME/UPE split 
The Early UP solution, in particular as proposed in ‎[3], may hinder a clean MME (control plane) and UPE (user plane) split in the Core Network, see also ‎[7]. Following the approach in ‎[3], the state-transition and subsequent control signaling would be triggered by the first UP packet arriving to the UPE. However, for other procedures like Attach and Tracking area update the MME would need to be involved in the signaling (e.g. to select UPE).  From the eNB point of view these procedures are the same, i.e. an unknown UE initiates transmission, and it would therefore be beneficial if these procedures are handled in the same way.

This problem is particularly relevant for the “Early UP to UPE” solution, but also partly relevant for the “MME forwarding” solution.  
2.2 Analysis
As also found in ‎[5], the “Early UP to UPE” solution result in largest gains but also considerable complexity issues. Since the approach prevents a clean MME/UPE split in the CN, we do not find the solution acceptable.  

The “MME forwarding” solution is cleaner, as the state-change is triggered and executed by regular control signaling. The routing of UP packets through the MME is, however, a somewhat questionable approach particularly in case the UPE and MME are not co-located. 

Of the Early UP solutions, the “eNB buffering” solution is cleanest both in terms of an UP/CP split and in the sense that any UP transmission to the CN can be hindered for UEs that are denied service. Routing of Early UP packets in the TN to the UPE could be handled without special treatment. Additional complexity is mainly restricted to RAN, since the Early UP transmission over the Uu+ is not visible over the S1 to the CN.  As already noted in ‎[5], however, the delay gains of the “eNB buffering” solution is somewhat questionable. 
We therefore suggest that RAN2 adopts a working assumption that user-plane packets can only be transmitted after completing the control-plane signaling of the state change to LTE_ACTIVE, until the impacts of Early UP transmission has been studied more. This approach facilitates a clean UP/CP split, better resource control of eNB resources, simpler protocols and implementations. This regular approach also fulfils the delay requirements set by ‎[2].
3 Conclusion and proposal
We propose that RAN2 adopts a clean solution, where the uplink user-plane is commenced only after finalizing the state-transition from LTE_IDLE to LTE_ACTIVE, as its working assumption. User-plane activity should take place in the LTE_ACTIVE state. 
Regardless if early UL data transmission should be supported or not, we find that the state transition from LTE_IDLE to LTE_ACTIVE shall be executed using control plane signaling as opposed to relying on user-plane triggered state-transition.
It is FFS if the performance gains obtained by allowing early user plane transmission can be justified, given the increased complexity, possible error cases, and security implications
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