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Introduction

The Qualcomm proposal on Fast Resource Allocation was already presented in [1].  In this document we discuss more in detail the layering and architectural aspects of this proposal.
Discussion

Fast resource allocation

It is one of key requirements for LTE that E-UTRAN shall achieve “Significantly reduced C-plane latency”. The associated delay requirements are very stringent. One important requirement from the layer 3 protocol point of view is the state transition time from the LTE_Idle to the LTE_Active state, which should be less than 100ms.

This section is focused on the proposal of a fast resource allocation scheme that reduces the state transition time from the LTE_Idle to the LTE_Active state.
Current scheme

Since our proposal for the LTE_Idle state is that the RRC context is already stored in the network, it is appropriate to take the state transition from URA_PCH state to CELL_DCH state for the assessment of the current scheme.

The state transition consists of the following elements.

· SIB7 acquisition

· Random Access Procedure

· Processing/decision time in the RNC

· Iub signalling delay

· DPCH synchronization procedure
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Figure 1: State Transition from URA_PCH to CELL_DCH
The listed procedures add up to the total delay until control or user data transfer becomes available. In the following we discuss whether those elements are applicable to the LTE system.
· SIB7 acquisition

It is not clear at the moment if, in LTE, there would be a similar concept to the reception of SIB7 where the UE try to keep updated with interference information. Discussion has been started for UMTS, where efficient way of information delivery will be discussed. We will leave this for further study in this document.
· Random Access Procedure

A random access mechanism will be necessary for the LTE system in which the mobile does not synchronize to the network all the time and try to access at an arbitrary timing. An associated delay is determined by a random access scheme, which has to be left for further study. However it will be advantageous if the amount of data transferred in the scheme is very small.
· Processing/decision time in the RNC

· Iub signalling delay

Whether this is applicable depends on network architecture. The network architecture we propose in this document reflects the current RAN architecture in the sense that there is a controlling node (Anchor node) above E-Node B. There will be an interaction between the Anchor node and the E-Node B at a radio bearer establishment.
· DPCH synchronization procedure

It is expected that some form of synchronisation procedure would be necessary for the UE in a state where it performs DRX and does not maintain a precise synchronization to the network.
Fast up-switching for E-UTRAN

One possible solution to reduce the delay mentioned in the previous section is to allow the E-Node B to allocate dedicated resources to the UE at least for the initial signalling without an intervention of the Anchor node. Radio resources are reserved at the E-Node B so that the E-Node B can immediately assign dedicated resource to the UE. After the resource allocation, the Anchor node can perform the transport bearer setup on the Iub-equivalent interface while the UE is performing a synchronization procedure.
Figure 2 shows signalling flow of the proposed scheme.
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Figure 2: Fast resource allocation
In principle, the Resource Assignment message should achieve the same function as the RRC Connection Setup. In UMTS radio resource is allocated for the initial AS and NAS signalling (SRBs). In LTE it should be further possible that the UE establishes RB for SIP signalling and associated resource should available at the E-Node B. This saves another RAB establishment procedure for SIP signalling.

PDP context for SIP signalling should have been established, most likely when the UE is attached (or registered) to the network. This means that in principle the UE can send an initial message immediately after the completion of the synchronization procedure. It may be beneficial that the UE indicates whether upper layer signalling is necessary for this data transfer connection so that the E-Node B can provide an appropriate grant to the UE.

If the radio bearer configuration (physical channel parameter, RB mapping) for the initial signalling is pre-configured, the resource that should be allocated in Resource Assignment message would be a UE identity, like H-RNTI and E-RNTI. This would enable the Resource Assignment message being very small, which results in faster state transition.
If the setting up of transport resources between E-Node B and Anchor becomes an issue (because it may require more time than the PHY synchronization procedure over the air), it could be investigated if it is appropriate to reserve a pool of transport resources between the E-Node B and the Anchor.  In this way, as soon as the PHY synchronization procedure is completed, the UE would be able to perform signalling with the Anchor, and potentially with the IP Core Network (if the operator decides to allow such approach).

Layering and architectural aspects

The C-Plane protocol termination points for "fast" E-RRC messages are described in Figure 3.
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Figure 3: C-Plane protocols termination point of "fast" E-RRC messages
The function that is performing the fast allocation of E-Node B resources is terminated in the E-Node B.  Since the E-Node B would not be able to verify the message integrity, the functionality of the fast E-RRC would have to be quite limited.  As example, inter-RAT, inter-frequency and inter-Node B reconfigurations should not be allowed with "fast" E-RRC messages, while the typical "fast" message should be used to resume a previously suspended connection, or to bring up the radio resources needed to perform the initial signalling with the Anchor.  The resources would be allocated by the "fast E-RRC" on a temporary basis, and they would be de-allocated by the Anchor if the UE failed subsequent Integrity Protection checks in E-RRC messages (a timer in the anchor could be used for this purpose). 
It can be pointed out that this new layer would have a similar functionality to E-MAC, and in fact, the functions of the "Fast E-RRC" could be integrated in the E-MAC itself.

The C-Plane protocol termination points of "regular" E-RRC messagesg are described in Figure 3.
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Figure 4: C-Plane protocols termination point of the "regular" E-RRC messages
In this case the "fast E-RRC" would be transparent, as all the critical functionalities would be performed by the E-RRC terminated in the Anchor.
Conclusion

The introduction of a "fast E-RRC" layer terminated in the E-Node B (without integrity protection) that can handle some basic resource allocation would speed up the allocation of dedicated radio resources while ensuring that critical radio resource reconfigurations (e.g. inter-RAT, inter-frequency, inter-Node B handover) are controlled by the E-RRC terminated in the Anchor (with integrity protection).
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