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1 Introduction
At the last few RAN2 meetings, there have been discussions on LTE Active. At the Joint meeting between RAN2, RAN3 and SA2 it was agreed as a working assumption that the UE can be kept in the RRC Active state in a power efficient manner for between 5-10 minutes after the last user plane data transfer. This agreement was necessary due to likely issues with network signalling load and paging load caused by the UE returning to RRC idle quickly after user plane data transmission. If it is not possible to maintain the UE in RRC Active state for this period due to concerns with battery consumption, we will need to re-discuss the working assumptions taken at the Joint meeting.
This paper discusses the LTE RRC Active state and proposes some working assumptions which may be needed to ensure that the UE can be maintained in the RRC Active state in a power efficient manner.
2 The LTE RRC Active state

2.1 General
When the UE is in LTE MM Idle state, the UE is known on a Tracking Area basis and no UE specific information is known by the eNodeB. When the UE is in LTE MME Active state, the UE is known at the eNodeB level by the MME. In this state the eNodeB stores a UE context for the UE and the eNodeB is aware of the cell where the UE is currently located.
It is proposed that there is a one to one mapping between the LTE MM states and the LTE RRC states, so when the UE is in LTE MM Active state the UE has an RRC connection and is in LTE RRC Active state.
The UE enters LTE RRC Active state when it has user plane data or NAS signalling to send or receive. Whilst the UE has data or signalling to transmit or receive the UE stays in LTE RRC Active state. After the UE/eNodeB has finished transferring data or NAS signalling, the UE needs to be kept in a state nearing the power efficiency of the LTE RRC Idle state for between 5 and 10 minutes before returning to the LTE RRC Idle state. When the UE enters LTE RRC Idle mode, the eNodeB informs the MME that the UE is entering LTE MM Idle state.
2.2 The LTE RRC Active model

This is model is described below:
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The critical question is how to design the layers below the RRC layer to be power efficient when the UE is in LTE RRC Active state and there is no user plane Data or NAS signalling to be transferred.
2.3 Design of the Layers below LTE RRC Active mode
2.3.1 Requirements
The UE needs to maintain synchronisation in the downlink in LTE RRC Active and LTE RRC Idle such that the UE can successfully read the scheduling or paging channels.

As the uplink resources are shared between UEs in the time domain, to maintain resource efficiency the UE needs to be synchronised in the uplink before transmitting on a shared channel. 
· To achieve the level of uplink synchronisation required in MAC Active state, the UE would need to periodically transmit to the network such that the timing advance for the UE can be updated. The period of the uplink transmission is proportional to the requirement for uplink synchronisation accuracy.

· In the MAC Idle state there is no need to maintain the Timing Advance with the network and as such there should no need for the UE to periodically transmit to the network.

The couple of the relevant requirements for LTE are:

· The UE is required to be able to move between LTE RRC Idle and LTE RRC Active within 100ms. 

· To simplify the design of the radio layers, by minimising the number of states.
2.3.2 Assumptions of the LTE MAC Idle and LTE MAC Active states

In the MAC Active state it is assumed that:

· The UE will be waking up to receive the Scheduling channel, which occurs very frequently (e.g. once every TTI)
· The requirement for the measurement performance for the UE will require the UE to make measurements of the serving and neighbour cells at a high frequency.

· The UE will be required to periodically transmit to the eNodeB (e.g. once every 100ms), to allow the eNodeB to control the Timing Advance (and possibly the Power) of the UE. 
In the MAC Idle state it is assumed that:

· The UE will be waking up, according to the DRX period of the UE, and receiving its paging occasion on the Paging channel. 
· The requirement for the measurement performance for the UE is likely to be much less demanding than for LTE MAC Active, requiring the UE to optimize its battery performance.
· The transmit power of the UE is not controlled in a UE specific manner by the eNodeB.
· The UE is not required to maintain uplink synchronisation with the network.
2.3.3 Requirements of a “MAC Dormant” sub-state

During the discussions in RAN2 the concept of MAC Dormant sub-state has been discussed. This sub-state is has been named to allow the group to analyse the lower layer requirements of RRC Active state when there is no NAS signalling or User Data to be transferred.
The main question is whether this sub-state is closer to LTE MAC Active state or LTE MAC Idle state?
· As the UE needs to be maintained in this “sub-state” for 10-15 minutes, without any higher layer transmissions with the network, it is assumed that the power efficiency of this sub-state will need to be close to that of LTE RRC Idle state.

· To maintain the power efficiency of the UE and efficiency of the radio resources it is assumed that the UE is not required to periodically transmit in the uplink, aligning with the design of the LTE MAC Idle state.
· It is also assumed that in this “sub-state” the requirement on measurement performance will be somewhere between that of the LTE MAC Active state and that of the LTE MAC Idle state. 
· In this “sub-state” it is assumed that the UE will need to periodically receive a Scheduling or Paging channel, however it is assumed that:
· The period of the reception is expected to be the same or shorter than the period of the DRX cycle in the LTE MAC Idle state, but longer than the period of monitoring of the Scheduling channel in LTE MAC Active state. 

· The UE is expected to be paged/notified using the C-RNTI allocated in the cell, whereas in the LTE MAC Idle state the paging identity is expected to be a identity allocated by the UPE or MME; and in LTE MAC Active state the UE is expected to be notified of a resource allocation using one of the RLC/MAC scheduling identities allocated to the UE.
· If the requirement for time to move from the “sub-state” to LTE MAC Active, due to the reception of paging or notification for downlink NAS/Data, is less than the equivalent requirement to move from LTE MAC Idle state to LTE MAC Active state, then:

· It would be possible to introduce a rule where if the network is paging/notifying using a C-RNTI (i.e. the eNodeB knows that the UE is in a specific cell) then it should allocate a small window in the uplink Shared Channel where the UE should send a small access burst. In this way the access is not contention based and therefore can be minimized. This technique is possible in this case because the UE is known to be in a specific cell, and therefore resource can be reserved in an efficient manner.
2.3.4 Proposed model

After analysing the requirements of the “sub-state” it seems that the requirements are close to the requirements for the LTE MAC Idle state. It is therefore proposed to simplify the model and assume that the “LTE MAC Dormant sub-state” actually be the LTE MAC Idle, possibly with a shorter DRX cycle. This proposal is based on the following assumptions: 
· In the LTE MAC Idle state the UE is pageable with both C-RNTI and the identity allocated by the MME or UPE.

· The structure of a paging channel for LTE Idle mobiles would be a similar design to the channel used to notify mobiles in the “LTE MAC Dormant sub-state”.

· The DRX cycle of a UE in LTE MAC Idle is configurable.
· The measurement performance of a UE in LTE MAC Idle is configurable (possibly directly relating to DRX cycle setting or a parameter in the system information).

This model is illustrated below: 
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3 Conclusion
It is proposed that the working assumption and RAN2 TR be updated to indicate:

· The UE is moved to an optimised configuration of the LTE MAC Idle state whilst maintaining the LTE RRC Connection, when the UE has not needed scheduled resources for a time (e.g. a couple of seconds);
· When the UE enters RRC Idle the configuration of the LTE MAC Idle state may be changed to lengthen the DRX cycle and modify the performance requirements of the lower layers.
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