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1. Introduction
As part of the feasibility study for LTE advanced [1] the following mechanisms have been proposed to reduce the C-plane Idle to Active transition to 50ms:
-
Combined RRC Connection Request and NAS Service Request: combining allows those two messages to be processed in parallel at the eNB and MME respectively, reducing overall latency from Idle mode to Connected mode by approx. 20ms.

-
Reduced processing delays: processing delays in the different nodes form the major part of the delay (around 75% for the transition from Idle to Connected mode assuming a combined request) so any improvement has a large impact on the overall latency.

-
Reduced RACH scheduling period: decreasing the RACH scheduling period from 10 ms to 5 ms results in decreasing by 2.5ms the average waiting time for the UE to initiate the procedure to transit from Idle mode to Connected mode.

In this contribution, Vodafone highlights the use cases which motivate the reduction of the C-plane latency.

2. Use Case Motivating Lower C-Plane latency

2.1 Machine-to-Machine Communication 
For machine-to-machine communication the following applications would benefit from lower C-Plane latency:

Collision Avoidance 

When a car collision happens, it is important that the UE is able to send an indication as quickly as possible to the network in order to alert surrounding cars e.g. within a cell. According to CoCar study in [2], the transition delay from Idle to Connected mode from 300 ms to 3s (for HSPA) is too high to support car to car (C2C) applications. Hence, the conclusion is that all devices with the application activated have to be in connected mode to achieve lower delays e.g. of the order of 100 ms.

However, if the idle to active transition can be reduced to 50ms in LTE, it would be highly desirable to keep the UEs involved in the C2C applications in Idle Mode for the following reasons:

1) UEs in connected mode have to handover between cells and hence this results in increased network signalling load. The signalling load will be particularly high if ALL cars are equipped with such applications e.g. due to regulation.
2) The eNB will have to maintain the contexts of all connected mode UEs and hence eNB processing power has to be dimensioned accordingly. 
With the UE in Idle mode, it can be argued that an extra 50 ms is required for UE to send an indication to the application server about the collision. It then depends on which mechanism the application server relies upon to distribute the message to the relevant UEs e.g. MBMS broadcast, dedicated connection or paging.
Based on a C-plane latency assumption of 100ms (LTE Rel-8), the Co-Car study [2] concluded that the end-to-end delay for the collision avoidance application would be of the order of 300ms assuming that both MT-UE and MO-UE are in Idle mode. The study assumed that and extra 100 ms delay is incurred by the need to page the MT UE before it can connect to the network.
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Figure 1: Collision avoidance application delay components
In LTE Rel-8, the minimum default paging cycle is 320ms which means that on average the paging delay is 160ms.  

By just reducing the C-plane latency to 50 ms, it seems feasible to bring the end to end application delay to less than 300ms which means that such applications can be supported with UEs in Idle mode.

If C-plane latency is reduced from 100ms to 50ms, the end-to-end delay reduction for a collision avoidance application would be reduced by 100ms. Considering a delay budget of 300ms for such applications, this reduction represents a 30% increase in performance. It is therefore proposed that RAN2 specify mechanisms to reduce C-plane latency to 50 ms. 
Proposal 1: Mechanisms for C-Plane latency reduction from 100ms to 50ms should be specified to allow support of time critical applications in an efficient manner
For time critical applications, it might also be necessary to have more aggressive paging cycles e.g. 160ms or even 80ms in order to reduce the end-to-end delay for the collision avoidance application. The consequence of reduced paging cycle is of course increased UE battery consumption. However, assuming the M2M device is powered by the car battery, using lower paging cycles seems feasible. Even though battery usage on the motorway would be higher, the advantage of keeping the UE in Idle mode is the reduced handover signalling load. If a paging cycle of 160ms instead of 320ms is used, the average paging delay would fall to around 80 ms and hence the end-to-end delay of the collision avoidance application would be closer to 200ms than 300ms.
Proposal 2: RAN2 should consider introducing signalling for lower default paging cycles to cater for time critical applications for which UEs are kept in idle mode.

3. Conclusions
In this contribution, the use case of collision avoidance application is used to motivate the need for lower C-plane latency. The following proposals are made:

Proposal 1: Mechanisms for C-Plane latency reduction from 100ms to 50ms should be specified to allow support of time critical applications

Proposal 2: RAN2 should consider introducing signalling for lower default paging cycles to cater for time critical applications for which UEs are kept in idle mode.

RAN2 is kindly requested to evaluate this use case and specify the necessary mechanisms to achieve a C-plane latency of 50ms. 
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