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Introduction

RAN2 has agreed that LTE_ACTIVE state consists of two MAC states, namely MAC ACTIVE and MAC DORMANT. RAN2 has also defined the characteristics of both MAC states, and has stated that MAC activity control can be signaling or timer based. In this contribution, new considerations for MAC DORMANT state behavior are described, and a mechanism for MAC state transition is proposed.
Discussion
In this contribution, it is assumed that not only signaling information but also small amount of user data can be exchanged between the eNB and the UE in MAC DORMANT state. MAC states transition is based on traffic volume or buffer status measurement. If both the UE’s downlink and uplink traffic volume are reduced to below respective threshold for a predefined duration, MAC state can be switched from MAC ACTIVE to MAC DORMANT. In MAC DORMANT state, user data can be scheduled periodically in DTX/DRX manner as long as the scheduling results could meet the QoS requirements for all available services of the UE. For mixed services, the DRX cycle should not exceed the maximum delay requirement of the most stringent service. E.g. if VoIP service is included, the DRX cycle should be no more than 20ms. 
Short DRX cycle can be selected for low traffic scheduling in MAC DORMANT state. Persistent scheduling scheme is possible for such cases. L1 synchronization between the eNB and the UE should be maintained to allow instantaneous response in case of being scheduled. If the traffic becomes zero in downlink and uplink for a predefined duration, Long DRX cycle can be selected to preserve UE battery more efficiently. L1 synchronization between the eNB and the UE may not be maintained if long DRX cycle is used. If L1 synchronization is lost, L1 UL synchronization should be performed before scheduling requests for the UE in the uplink, or paging should be firstly performed by the eNB in the downlink. Otherwise eNB can directly control UE’s MAC states transition signaling based or timer based.
In MAC DORMANT state, MAC state should be switched to MAC ACTIVE if the traffic is greater than zero in downlink or uplink when long DRX cycle is used, or if the traffic volume is greater than a respective threshold in downlink or uplink when short DRX cycle is used. 
Figure 1 depicts MAC state transition scenarios. 
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Figure 1: MAC states transition
Conclusion
Based on above description, it is proposed that,
· MAC states transition control can be based on traffic volume or buffer status measurements. Downlink and uplink specific threshold and timer according to QoS requirements are set as trigger conditions; 
· Low traffic services can be scheduled in DTX/DRX manner in MAC DORMANT state as long as the scheduling results can meet the QoS requirements for all available services of the UE; 
1 Text proposal for TR 25.813

5.4.1
RRC protocol states & state transitions

RRC will use the following states in E-UTRAN:

-
LTE_DETACHED:

-
No RRC entity.

-
LTE_IDLE:

-
DRX;

-
Cell re-selection mobility;

-
The UE shall have been allocated an id which uniquely identifies the UE in a tracking area;

-
Some information is stored in UE and network:

- 
IP address, etc;

-
Security association (keys, etc);

-
UE capability information (FFS);

-
Radio Bearers (FFS);

-
no RRC context.

-
LTE_ACTIVE:

-
UE has an E-UTRAN-RRC connection;

-
UE has context in E-UTRAN;

-
E-UTRAN knows the cell which the UE belongs to;

-
Network can transmit and/or receive data to/from UE;

-
Network controlled mobility (handover);

- 
Neighbour cell measurements;

-
State transition decided in eNB;

-
LTE-MAC level:

- 
UE can transmit and/or receive data to/from network;

- 
UE monitors control signalling channel for shared data channel to see if any transmission over the shared data channel has been allocated to the UE;

- 
UE also reports channel quality information and feedback information to eNB;

- 
Activity control (signalling or timer based, TBD…): continuous operation or discontinuous with DRX/DTX factor.

-
RRC C-plane connected (need is FFS):

-
Connected but without User-plane (Radio Bearers…);

-
Cell-reselection;

-
Tracking area;

-
Managed in intermediate RRC server.
The agreed parts are reflected in the following figure:
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Figure 5.4.1: E-UTRAN RRC protocol states

NOTE:
The applicability of the ID unique in Tracking Area (TAID) in LTE_DETACHED is FFS.

The UE context in the aGW will discriminate the 3 states. The UE context in the eNB will only exist in the LTE_ACTIVE state.
5.4.2 MAC protocol states & state transitions
Two MAC states exist in LTE_ACTIVE:

-  MAC ACTIVE
- UE monitors control signaling channel continuously

- UE transmits and/or receives data to/from network continuously
-  MAC DORMANT

- UE monitors control signaling channel discontinuously with DTX/DRX factor
- UE transmits and/or receives data to/from network discontinuously with DTX/DRX factor
- Low traffic services can be scheduled in DTX/DRX manner in MAC DORMANT state as long as the scheduling results can meet the QoS requirements for all available services of the UE;
MAC State transitions: 
-  MAC states transition control can be based on traffic volume or buffer status measurements. Downlink and uplink specific threshold and timer according to QoS requirements are set as trigger conditions; 
MAC protocol states and state transitions are reflected in the following figure:
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Figure 5.4.2: E-UTRAN MAC protocol states
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- UE monitors control signaling channel continuously
- UE transmits and/or receives data to/from network continuously


- UE monitors control signaling channel discontinuously with DTX/DRX factor
- UE transmits and/or receives data to/from network discontinuously with DTX/DRX factor
- Short DRX cycle is used for low traffic scheduling
- Long DRX cycle is used when traffic becomes zero


Both downlink and uplink traffic volume are reduced to below respective thresholds for a predefined duration


- Downlink or uplink traffic volume is greater than respective threshold when short DRX cycle is used, or
- Downlink or uplink traffic volume is greater than zero when long DRX cycle is used



