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1 Introduction

Recent discussions in RAN2 addressed the topic of early Radio Bearer establishment (or early U-plane transmission). 

The contributions [1], [2] and [3] described examples of early radio bearer establishment procedures, whereby it is possible to start transmiting U-plane data from the UE, before a UE context is available in the E-UTRAN, either with default ([1] and [2]) or specific QoS ([3]).

In all these contributions, the transmission delay for U-plane packets from the LTE_IDLE state is significantly reduced (see [2] and [4]), and the benefit comes from the parallel handling of U-plane and C-plane at transition from LTE_IDLE to LTE_ACTIVE, so as to avoid that the cumulative delay of the C-plane transition also impact U-plane transmission.. 

While [4] and [5] raised some concerns on the complexity, and on security aspects, [6] summarised the principles of early Radio Bearer establishment, and analysed the impacts on the eNB, on the aGW and on the PDCP layer.

[5] also raised some limitations like the use of a default QoS for early transmission and possible inefficiency on the radio interface because the eNB is not aware of UE capabilities.

In this contribution, starting from assumtions on the LTE_IDLE state in the UE and in the network, we explain why we see no need for such kind of restrictions linked with the early establishment of a Radio Bearer.

We hope this document can also help to clarify such concepts as “default SAE Bearer” which were proposed in [2].

2 LTE_IDLE to LTE_ACTIVE transition
We consider here the transition from LTE_IDLE to LTE_ACTIVE from U-plane point of view, without any assumption on the C-plane procedures:
2.1 UE, eNB and aGW in LTE_IDLE state
When the UE is in LTE_IDLE, it is attached to the network, a service context for this UE is available in a MME, there is one PDCP entity in the MME for NAS signalling, zero, one, or more PDCP entities in the UPE, and the security between the UE and the MME/UPE is active. However, there is no context in the E-UTRAN for this UE.

On the UE side, there exist a security context, as many PDCP entities as on the MME/UPE side, the UE is aware of QoS parameter for each bearer using one of the PDCP entity, though there is no radio bearer established. The UE may also have an uplink packet filter, though there is actually no radio bearer established.

2.2 UE, eNB and aGW in LTE_ACTIVE state
In LTE_ACTIVE state, in addition to the contexts and protocol entities listed below, the following need to be setup:
· UE context in eNB (UE cell ID, RRC ciphering/IP, UE capabilities, UE measurement control/reports)

· Radio Bearers and S1 tunnels for the SAE bearers that are allowed service by the MME
· QoS policies for the SAE bearers
While the UE RRC context is purely E-UTRAN related and under E-UTRAN control, the QoS is directly provided from the MME after activation/negotiation with the UE, and the Radio Bearers and S1 tunnels are the transport bearers to carry the active SAE bearers.
2.3 Requirements for U-plane setup
Outside the case of registration procedures (e.g. Tracking Area Update), the UE intiates the transition from LTE_IDLE to LTE_ACTIVE to either activate new services with SIP signalling (new IMS session to another UE/fixed network subscriber/server, VoIP or other) or to directly send some application data for intermittent data flow that were already activated previously (web, games, etc).

In the LTE_IDLE state, using the uplink classification function, the UE is able to associate the uplink data with one of the contexts/negotiated QoS/PDCP entities that already exist, and a peer PDCP entity exist in a UPE that is able to handle data from this UE.
To exchange data with the UPE, the UE needs radio access through the E-UTRAN, an identity for the UPE that E-UTRAN should direct uplink data to, and the identity of the eNB through which the UE is accessing the UPE, to route downlink data. The eNB that is provides radio resources normally allocates them according to QoS information and knowledge of UE capabilities.
2.4 Possibilities for early setup

In a sequential setup procedure, similar to UMTS, the eNB would wait for the response to the Service Request message from the MME before it establishes a Radio Bearer for user data. The benefit of this approach is to ensure that the Core Network accepts to provide service to the UE, and that all service information for the UE is provided by the nodes than handle the NAS/SIP signalling.

However, in the case of LTE, because the security association between the UE and the UPE, and the bearer contexts, are already available, if the UE provides the missing information to the eNB (UPE identity, QoS), the eNB could establish radio resources and immediately tunnel user data to the UPE.
From security point of view, we would like to remind the following aspects/impacts, that were already described in [6]:

· a UE that has no security association to a UPE cannot send successfully send any data beyond the UPE

· a UE that has no security association to a UPE could in principle cause some load on that UPE, if it provides a valid UPE address

· a UE that would obey mobility order from a fake eNB could suffer from denial of service, but this case seems rather unlikely, and the fake eNB can not break any security procedure for that UE
After the C-plane procedure is complete, and the UE context is retrieved in the eNB from the MME, if this UE context happen to contradict the information received from the UE, the eNB could re-configure the radio bearers, release some of them or establish new ones.

As a consequence, a UE that would provide QoS parameters that do not match the MME/UPE choice would potentially receive better service from the E-UTRAN than it should. But this gain for a “unsincere” UE would only happen for a very short duration.

2.5 Specific aspects
We have not designed in detail a procedure, but we think the following questions should be considered:
SAE Bearer/PDCP in the UE in LTE_IDLE:

When the UE goes from LTE_ACTIVE to LTE_IDLE, are all the PDCP entities kept in the UE and the MME/UPE ? We may consider keeping only a subset that enable to separate SIP/application signalling (higher priority) from other type of data (web browsing, email, etc).

In our understanding, the set of PDCP entities that would be preserved has some similarity to the concept of “default SAE bearer” which is described in [2]. 

Initial U-plane packet:
In the description of section 2.4, we only have considered transmission of user plane data after the setup of a radio bearer. In [1], the first uplink data packet is sent together with the initial L3 message, with no QoS information and only the UPE ID. In order to early establish a radio bearer with specific QoS,  the QoS parameters shall be transmitted at the same time. However, the exact procedure should be determined.
Information sent from UE to eNB for early radio bearer establishment:

These information clearly include the UPE ID and list of (SAE bearer ,QoS) that are preserved in LTE_IDLE, so essentially NAS information. However, AS-level information, such as UE capabilities, or a subset of the UE capabilities, may be useful for radio bearer establishement. 
It is possible to fully specify what information the UE will provide at initial access for early radio bearer establishement, or the UE could store an information container from the network, which the UE does not need to understand. This second option would provide flexibility for extensions, or for implementation-specific optimisation, that use a certain subset of UE capabilities.

As for the maintenance of this information while the UE is moving, it needs updating together with the Tracking area update procedure.
Service accept/reject:

According to [4], service reject may occur frequently, which could lead to a situation where a SIP packet is allowed to go through and initiate call setup, while the UE is in fact denied the possibility to send the SIP packet. Or if a TCP SYN is sent but the UE is denied service.
While we understand the issue that may in principle occur, we think would like to better understand in what sort of situation the rejection of SIP signalling would occur. Is it a one-time only rejection (temporary failure), or is it a more permanent situation ?
If the CN wants to deny certain types of services to certain users on a permanent basis, a possible option could be to do this sort of filtering already at eNB level, based on the QoS information provided from the UE at initial access. This could be a way to anticipate the rejection in the eNB.
3 Conclusion
In this document, based on the analysis of what is setup for U-plane at LTE_IDLE to LTE_ACTIVE transition, we show the possibility that the establishment of Radio Bearers for U-plane is initiated by the eNB before it has received the UE context from the MME.

This could be applied to any Radio Bearer, whatever the associated QoS.

We propose to discuss the assumptions presented here, and to try to clarify the options, and assess the level of complexity.

Given the experience of UMTS, we recommend that the possibility of early setup of Radio Bearers is very seriously considered in RAN2. It is probably relatively easy to enable this procedure now, while optimisations at a later stage could be more complex and bring less benefits. 
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