3GPP TSG RAN WG2 LTE ad-hoc
Tdoc R2-051740
20-21 June 2005
Sophia-antipolis, France
Source: 

ETRI 
Title: 

State transitions to meet the C-plane latency requirement

Document for:
Discussion 
Agenda Item:
3.3


1. Introduction
During the 3GPP LTE workshop and E-mail discussions, there was discussion on requirements for Evolved UTRA and UTRAN, and we made consensus on most of the 3GPP LTE requirements. 

This contribution considers the connection states, which is one of the fundamental concepts for Evolved UTRA and UTRAN. In addition, we propose the overview of state transition mechanisms for efficient transition of UE states to meet the C-plane latency requirement.

2. Discussion
In the 3GPP LTE requirements document, the definition of the latency is one of the main issues for high-data-rate, low-latency, and packet-optimized LTE system. Figure 6.1 in [1], a simple state transition example was given for describing C-plane latency and good understanding of latency issues. 

Significantly reduced C-plane latency 
a) transition time (excluding downlink paging delay and NAS signalling delay) of less than 100 ms from a camped-state, such as Release 6 Idle Mode, to an active state such as Release 6 CELL_DCH, in such a way that the user plane is established.

b) transition time (excluding DRX interval) of less than 50 ms between a dormant state such as Release 6 CELL_PCH and an active state such as Release 6 CELL_DCH.
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Figure 6.1 An example of state transition [1]
In order to discuss protocol layering and to clarify the requirement related to latency, we need to consider connection states for Evolved UTRA and UTRAN. The work will provide a clear definition of connection states for the packet-optimized LTE system.
2.1 
Scenario #1

Based on the Figure 6.1, the active state and the dormant state can be defined as follows:
· Active state

· Packet traffic data can be transmitted

· Measurement channels for scheduling can be allocated to the UE in uplink and downlink

· Dormant state

· Power consumption is reduced

· Packet traffic data cannot be transmitted

· No uplink activity is possible

As definition above, we can regard the dormant state as Release 6 CELL_PCH. In the dormant state, an UE uses DRX to minimize power consumption and does not keep synchronization on the uplink. Then, the UE should use random access procedures to transit from the dormant state to the active state. Therefore, the random access procedure is a burden to meet the C-plane latency requirement (50 msec) at the radio access, including higher layer and RRC signaling. 
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Figure 1. State transition (Scenario #1)

In order to meet the latency requirement, the random access procedure interval should be short. In addition, an advanced random access scheme should be able to reduce the C-plane latency. The scheme minimizes the probability of contention in cooperation with the UTRAN. 
Furthermore, protocol layering is considered to specify the active state. For this, we propose that the active state consists of two sub-states and MAC layer can manage the sub-states as described in Annex.
2.2 
Scenario #2

By redefining the dormant state concept, we may reduce the C-plane latency. The modified concept of the dormant state is as follows:
· Dormant state 

· Power consumption is reduced, but keep the uplink synchronization
· Packet traffic data cannot be transmitted

· Uplink activities needs to keep synchronization on the uplink
Compared to the scenario #1, this approach requires more power consumption of the UE in the dormant state. However, the C-plane latency requirement can be met easily. 
Also, we can use a state transition channel that carries state transition information and supports the synchronization on the uplink and the downlink to transit from the dormant state to the active state. 
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Figure 2. State transition (Scenario #2)

3. Conclusions

In this contribution, we propose the concept of connection states for Evolved UTRA and UTRAN. As a preliminary mechanism for protocol layering, it is required to discuss further to take a concrete shape. In addition, we propose the state transition mechanisms for efficient transititon of UE states to meet the C-plane latency requirement.
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Annex

A description of Active State

State transition from the dormant state to the active state could be controlled by the RRC. In the active state, the UE is controlled by the MAC layer, and then the radio resources can be managed dynamically by using channel state information and buffer status. 
The active state can be divided into Scheduling-ON and Scheduling-OFF, as shown in Figure 3.
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Figure 3. Active state (Scenario #1)

· Scheduling-ON sub-state
· Packet traffic data can be transmitted

· Measurement channels for  packet scheduling are activated
· Scheduling-OFF sub-state
· Transmission of packet traffic data is suspended
· Measurement channels for packet scheduling are also suspended
When an UE has no transmission activity for a given period, the MAC layer changes sub-state of an UE from Scheduling-ON to Scheduling-OFF. In the Scheduling-OFF sub-state, we can use a state transition channel that carries state transition information. 
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