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1 Introduction

LTE is a packet centric system where packet arrivals are in general bursty and dicontinous so that battery saving from DRX operation could be significant. It is also anticipated that UE will stay in the connected mode relative long in LTE system, so that efficient DRX operation for connected mode UE is important. 
This paper first discuss whether DRX operations of UMTS is suitable for LTE, and then proposes basic DRX operations for LTE. 
2 DRX operations for the connected UEs in UMTS
In UMTS, There are two ways of connected UE DRX operations. The first way is to put the connected UE into the xxx_PCH state. 
 
[image: image1.emf]PICH/PCH

RACH/FACH/(HS/E-)DCH

Cell Update DATA transmission/reception

Reconfigure 

to xxx_PCH

PICH/PCH monitoring and 

not paged

PICH/PCH monitoring and 

paged


Fig. 1 DRX operation in xxx_PCH state
In xxx_PCH state, UE wakes up at every paging occasion and monitors PICH/PCH during a raido frame to see whether it is paged or not. If not paged it sleep again until the next paging occasion. If paged it perform RRC procedure to setup transport channel/physical channel. After data trasmission/reception, another RRC procedure is performed to move the UE back to the xxx_PCH state.
xxx_PCH operation requires RRC message exchanges for data reception/transmission, which is a significant drawback to be used in LTE.
In the continuous packet connectivity study item, UE DRX operation is being discussed[1]. The main idea is to configure UE’s active period in such a manner that HSDPA activity and HSUPA activity are synchronized as much as possible. There are 3 modes currently defined.
· DRX mode 2/8 where the UE can be scheduled and is allowed to transmit every 4th subframe. 
· DRX mode 1/8 where the UE is scheduled and is allowed to transmit every 8th subframe.
· DRX mode 1/16 where the UE is scheduled and is allowed to transmit every 16th subframe
It should be noted that the achievable DTX/DRX preriod is at most 60 % because of relatively short duty cycle. It may be possible to increase the figure by defining the DRX mode with long duty cycle, but it would come with the restricting the uplink transmission opportunity. 
Considering that DRX needs to be applied to the services like VoIP or FTP where user data is either frequently generated or the amount of user data is variable, none of the DRX operation currently defined in UMTS seems adequate for the LTE. 
3 DRX operations for the connected UEs in LTE

The below services would be the main candidates for the connected mode DRX operations in LTE. 
· Those services generating small packets regularly, such as VoIP.

· Those services generating delay insenstive bulk packets infrequently, such as FTP.

· Those services generating small packets very rarely, such as presence service. 

Considering the characteristics of the above services, followings shouled be possible in the new DRX scheme. 

· Data transmission/reception during DRX operation should be done without RRC signaling.

· DRX cycle length should be able to long enough for better battery power saving.
· The amount of data transmitted within a DRX cycle should be able to be different cycle by cycle. For exmaple, DRX for FTP service should allow to increase the amount of data each DRX cycle.
Figure 2 shows the proposed DRX structure. 
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Fig. 2 proposed DRX structure

Active Period is the period during when a UE’s transmitter/receiver is turnned on and Sleep Period is the period during when a UE’s transmitter/receiver is turnned off. DRX cycle length is the time distance between the consecutive active period start positions.
Followings are proposed DRX operations.
· DRX cycle length is determined by the network, considering the QoS requirements of the service activated in the UE.

· Active period start positions should be unambiguously identified by both UE and ENB. This could be achieved by sharing the same paramters and formula between both parties as in UMTS.
· At active period start position, UE monitors L1/L2 control channel during predefined time interval to see whether there is incoming data destined to it or not.

· Active period length could be variable depending on the amount of data to be transmitted during the DRX cycle.
· Active period end position could be explicitly signaled by ENB or implicitly assumed after inactivity of the predefined time interval.

· Uplink data transmission can be initiated anytime during the sleep period.
· Active period due to uplink data transmission ends when the uplink transmission is completed.

4 Conclusion

It is proposed to take the DRX structure and operations as the starting point for the discussion and  replect agreeable parts in the TS. 
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