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Abstract of the contribution: This contribution discusses how to enhance DRX mechanism to save UE power, especially for MTC devices and Smartphone devices. 
1. Discussion

How to save UE battery power is a significant issue in the study of Smartphone and MTC area, and TR 23.887 section 7.1.2 introduces the following requirements for UE power consumption optimization:
Architecture goals for UE power consumption optimizations include:

1.
Power consumption optimizations for cases when the UE stay in connected mode for long periods.

2.
Solutions for battery consumption efficiency shall not affect the ability to receive mobile terminating communications within an acceptable delay.

Mechanisms such as DRX (Discontinuous Reception) have been developed to reduce UE power consumption, and this mechanism, probably together with certain enhancements, should be the first option to be considered to fulfil the requirements above. DRX has been proved to be a good way to conserve the UE’s battery power, to save the over-the-air resource for both uplink and downlink case, so as to increase the overall system capacity. In the DRX mode, the UE turns off most of its circuitry when there are no packets to be transferred. 
Proposal 1: DRX mechanism or its enhancement should be considered as the prioritized candidate for UE power consumption optimization. 

1.1 Existing DRX mode in LTE

In LTE, DRX mode can be enabled in both RRC_IDLE and RRC_CONNECTED states. In RRC_IDLE state, the DRX is used to control the interval of monitoring paging. During the DRX mode, the UE closes most radio resources only except the time when monitoring paging, performing location update or initiating sending uplink data. 
In RRC_CONNECTED state, the DRX mode is initiated by either the eNodeB or UE if no subsequent packets are detected in predefined period. After that, the UE turns off most of its circuitry, stops all-the-time monitoring, and only wakes up periodically to receive the potential DL packets. The DRX parameter affects how much the UE battery power is saved, e.g. the long DRX cycle allows the UE stay in connected mode for long periods and save more power. 
Normally, as shown in figure 1, when the UE enters the DRX mode, a short DRX cycle is first applied over a predefined time, and a long DRX cycle is enabled after DRX Short Cycle Timer expired.
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Figure1 short/long DRX cycle

1.2 Apply long DRX cycle to MTC devices and smartphones
Long DRX cycle gives UE more chances to reduce its power consumption. Although long DRX cycle may cause extended delay for UE to receive downlink packets, it is useful to apply long DRX cycle to UEs which are not so much sensitive to the delay of data transmission, such as: 
(a) MTC devices with low priority/delay tolerant which implies that MTC applications running on these UEs are delay tolerant;
(b) Smart phones whose data transmission pattern shows low delay sensitivity, such as: bearer QoS implies delay tolerant, or only background data transmission is ongoing.
The long DRX mode can be considered to be applied in the following cases:

· For MTC device access case, if the UE indicates itself with low priority / delay tolerant, the network determines long DRX cycle based on: low priority / delay tolerant indication from UE, and/or the instruction of UE subscription, and/or local policy. For these MTC devices, long DRX can be applied by default; or
· For smart phone access case, the UE indicates the network to request long DRX cycle or eNodeB sends a "long DRX indication" to UE to initiate long DRX cycle. The UE/eNodeB analyzes the data transmission pattern and the requirements of applications, e.g. bearer QoS implies delay tolerant, or only background data transmission is ongoing. When there are multiple bearers, long DRX is enabled only when all the data bearers meet the similar delay sensitivity, and the value of long DRX cycle should be determined by the shortest delay allowed by the QoS. 
The figure 2 below illustrates the procedure for long DRX cycle mode:
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Figure-2 short/long DRX cycle

The long DRX cycle mode is either requested by the UE or indicated by the network, and applied to the UE by default. If the long DRX cycle expires but no packets are detected during the off/sleep time, another long DRX cycle or longer DRX cycle will be applied. Otherwise, the UE will enable active mode to send/receive packets, and after that the UE transits to short DRX cycle. If no packets are detected in the DRX short cycle, the UE then can transit back to the long DRX cycle. When the RRC release timer expires, the eNodeB releases RRC connections and transits the UE to RRC_IDLE state. Subsequently the S1 release procedure may be triggered. 
Proposal 2: Long DRX cycle can be applied by default to MTC devices which are indicated low priority / delay tolerant. For some cases Smartphone can be enabled long DRX e.g. bearer QoS implies delay tolerant, or only background data transmission is ongoing.
2. Proposal
It is proposed to discuss the solution above and approve the following text in TR 23.887 section 7. 
********************************BEGING OF CHANGE******************************
7.1.2
Architectural Requirements

Architecture goals for UE power consumption optimizations include:

1.
Power consumption optimizations for cases when the UE stay in connected mode for long periods.
2.
Solutions for battery consumption efficiency shall not affect the ability to receive mobile terminating communications within an acceptable delay.
3.
Solutions should have minimal impact on network entities and UE, and enhancements to existing mechanism should be given priority. 

Editor’s Note: Additional architecture goals for UE power consumption optimizations is FFS.

NOTE 1:
Work in RAN/GERAN and co-operation with RAN and GERAN WGs shall be considered for solutions depending on RAN/GERAN functionality.

NOTE 2:
If this work requires any new or specific solution for small data transmission then it should not define an own solution but take advantage from any common solution for small data transmission.
***********************************NEXT CHANGE**********************************
7.1.3.X
Solution: Long DRX Mode for UE Power Saving

7.1.3.X.1
General
The new requirement of saving UE power for cases when the UE stays in connected mode for long periods, to support MTC and smart phone scenarios is introduced in subclause 7.1.2. As DRX (Discontinuous Reception) mechanism has already been standardized by 3GPP to reduce UE power consumption, the study should give priority to the existing DRX mechanism with necessary enhancements.

To support the requirement, a long DRX cycle can be applied by default to those UEs which are not so much sensitive to the delay of data transmission, e.g. MTC devices with low priority / delay tolerant indication.
The following figure illustrates the basic procedure of applying long DRX cycle, taking LTE access as an example:
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Figure 7.1.3.x.1-1 long DRX cycle procedure

The procedure for long DRX cycle is:

1. 
The long DRX cycle mode is either requested by the UE or indicated by the network, and applied to the UE by default. In following cases the long DRX is determined:

-
For MTC access case, if the UE is indicated with low priority / delay tolerant, the network determines long DRX cycle based on: the "long DRX indication" from the UE, and/or the instruction of UE subscription, and/or local policy; 

-
For smart phone access case, the UE indicates the long DRX cycle request to the network, or the eNodeB instructs the UE to initiate long DRX. The UE/eNodeB determines whether the long DRX is applied based on the analysis of the data transmission pattern and/or the requirements of applications, e.g. if bearer QoS implies delay tolerant, or only background data transmission is ongoing, the long DRX cycle will be applied. When there are multiple bearers, long DRX is only enabled if all bearers meet the similar delay sensitivity, and the value of long DRX cycle should be determined by the shortest delay allowed by the QoS.
2. 
If the long DRX cycle expires and no packets are detected during the off/sleep time, another long DRX cycle or longer DRX cycle will be applied. When the RRC release timer expires, the eNodeB releases RRC connection and transits the UE to RRC_IDLE state. Subsequently the S1 release procedure may be triggered.

3.
If there are packets needed to be transferred in the long DRX cycle off/sleep time, the UE will enable active mode to transmit/receive packets.

-
3.1. 
For sending UL packets, the UE resets DRX mode and transmits packets to the eNodeB. (If UE is in IDLE mode, the UE first requests RRC connection to serving eNodeB.).

-
3.2. 
For receiving DL packets, the UE only monitors the paging message until the DRX cycle expires, and then UE can acquire the DL packets. 
4. 
Following step 3, when the UL/DL packets are transferred successfully, the UE transits to short DRX cycle. If no packets are detected in the DRX short cycle timer period, the UE then transits back to the long DRX cycle.

In DRX mode, the UE can perform cell measurement and location update (e.g. periodic TAU) if needed.
7.1.3.X.2
Impacts on existing nodes and functionality
The UE is impacted.

The RAN nodes are impacted. 

The SGSN/MME, HLR/HSS may be impacted.
7.1.3.X.3
Solution evaluation

Editor's Note:
Use this section for evaluation at solution level. Evaluation at key issue level is done in a separate clause.
**********************************END OF CHANGE*********************************
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