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1. Introduction
In the t RAN#59 meeting, RAN agreed to initiate a study item ([1]) on communication enhancements for MTC and other mobile data applications. One objective of the study item is:

· UE Power Consumption:

· Solutions to lower UE power consumption (as per the service requirements defined clause in clause 7.1.1 of TS 22.368 and clause 4.3.1 of TS 22.101).

In addition, RAN2 has received an LS [2] from SA2 in RAN#59, which required RAN2 to feedback on solutions described in 23.887 [3] before July 2013 (SA2#98). In this contribution, the RAN impact of the UEPCOP (UE Power Consumption Optimization) solutions described in 23.887 is discussed.
2. Consideration on power consumption optimization
In order to give an in-depth analysis of RAN impact of UEPCOP solutions, the power consumption parts are investigated firstly from RAN aspect.
2.1 Power consumption classification
In this contribution, the power consumption is classified into two categories based on the UE’s RRC states, i.e. power consumption in RRC_IDLE state and power consumption in RRC_CONNECTED state. For each RRC state, the power consumption parts are listed in the Table1.
Table 1 Power consumption classifications
	RRC State
	Power Consumption Parts

	RRC_IDLE
	paging monitoring

	
	measurement

	RRC_CONNECTED
	PDCCH monitoring

	
	DL/UL data reception/transmission

	
	measurement


From Table1, we can see that the influence factors of the power consumption in RRC_IDLE state and RRC_CONNECTED state are different from each other. So the power consumption optimization solutions for different RRC states should be considered separately.
Proposal 1: RAN2 to consider the power consumption optimization solutions for RRC_IDLE state and RRC_CONNECTED state separately.
2.2 Power consumption optimization
How to reduce power consumption is largely dependent on the traffic characteristics of UE, e.g. UEs with different delay requirements will adopt different power consumption optimization solutions. Moreover, power consumption optimization also has a lot to do with the movement speed and channel quality of UE. Combining these with the discussion in section 2.1, we will analyze the possible power consumption optimization aspects in this section.

(1) UE in RRC_IDLE state

For the UE in RRC_IDLE state, waking up and listening for a potential paging message is one major power consuming functionality. Consequently, one intuitive way of power consumption optimization is to extend the paging cycle. However, extended paging cycle increases the packet delay of UE, which means the extended paging cycle solution can't be applied to the UE with delay-sensitive traffic.
On the other hand, measurement in idle state, which is another major power consumption part, can be used to help UE to identify a suitable cell to camped on, i.e. cell reselection. Currently, the measurement requirement for cell reselection is related with the DRX cycle. So, in case the DRX cycle is extended, the more relaxed measurement requirement for the corresponding DRX cycle should be defined for the pursue of power saving.   However, this method will be greatly impacted by UE speed, i.e. the method is more suitable for MTC UEs with low mobility or no mobility.

(2) UE in RRC_CONNECTED state

Blind decoding of PDCCH in both common and UE-specific search space, which is used to acquire the DL/UL scheduling information, consumes a lot of power for UE in connected state. Therefore, decreasing the number of PDCCH decoding can save much power consumption, which is exactly the DRX mechanism wants to reach. Considering the MTC and other mobile data applications may be with the features of delay tolerant (up to several seconds or larger) and infrequent data transmission, we can further reduce the power consumption by enlarging the existing DRX cycle.

For data transmission in RRC_CONNECTED state, power consumption has a close relationship with the channel quality, i.e. better channel quality will consume less power to transmit the same amount of data. Hence, scheduling the UE to transmit when the channel quality is better can reduce the power consumption. However, UE scheduling should be a matter of eNB implementation.

Compared to measurement in idle state, measurement in connected state is more complicated. However, from the view of power consumption, the optimization methods are same as the case of idle state.
3. RAN impact analysis

In the LS [2], SA2 requests RAN2 to provide feedback of the below listed five solutions:

Ch. 7.1.3.1 “Extended DRX in idle mode”;

Ch. 7.1.3.2 “Extending DRX using UE Assistance Information”;

Ch. 7.1.3.5 “Transmission delay until better coverage conditions”;

Ch. 7.1.3.6 “Long DRX cycles in connected mode”; and

Ch. 7.1.3.7 “Factors for determining extended DRX”.

Since the different solutions may have the same RAN impact, a brief classification of these solutions is given first, which is shown in Table2. Based on this classification, the RAN impact of each type solution is given respectively.
Table 2 UEPCOP solutions classification

	Classification
	Solutions

	Extended DRX in idle state
	Ch. 7.1.3.1 “Extended DRX in idle mode”

	
	Ch. 7.1.3.2 “Extending DRX using UE Assistance Information” - idle state part

	Extended DRX in connected state
	Ch. 7.1.3.2 “Extending DRX using UE Assistance Information” - connected state part 

	
	Ch. 7.1.3.6 “Long DRX cycles in connected mode”

	Others
	Ch. 7.1.3.5 “Transmission delay until better coverage conditions”
Ch. 7.1.3.7 “Factors for determining extended DRX”


3.1 Extended DRX in idle state
Just as the analysis in section 2.2, an efficient method to reduce power consumption of UE in idle state is to extend its paging cycle, i.e. DRX in idle state. The RAN impact of adopting extended paging cycle includes:

1. Downlink data reception: The main function of monitor paging is to wake up UE to receive the downlink data. Then the downlink data transmission will be delayed by the extended paging cycles. However, this problem will be solved if relaxed QoS requirements (e.g. delay) can be defined to the specific applications.

2. Timely system information acquisition: Another function of monitor paging is to acquire the notification of system information change, the indication of ETWS and CMAS notification and the notification of EAB parameter change. Then if we extended the paging cycle to a large value (e.g. several minutes or larger), UE can't acquire the updated system information in time although the QoS of UE can be fulfilled. Hence, RAN2 need to discuss the methods of how to acquire timely system information for UE using extended paging cycle, which is the main RAN impact of this solution.

3.2 Extended DRX in connected state
Similar to the solution described in section 3.1, extending the DRX in connected state can further reduce the power consumption. The RAN impact of entering into longer DRX cycles in connected state includes:

1. Timely system information acquisition: same with the case using extended DRX in idle state, the acquisition of updated system information will be delayed.

2. Mobility related signalling overhead: One objective of keeping the UE in connected state for long time is reducing the signalling associated with the RRC state transition. But meanwhile, redundant HO related signalling overhead are introduced to perform HO between different eNBs, which will get worse for UE with medium/high speed. Actually, the tradeoff between mobility related signalling overhead and RRC state transition related signalling overhead has been studied in Rel-11 WI eDDA [5], which indicates that the optimum solution depended on the traffic characteristics (e.g. packet inter arrival time) but without conclusion. Therefore, RAN2 needs to further study this aspect in case of UE running MTC applications (packet inter arrival time may up to several minutes and larger).

3. HO failure rate: UE may miss the HO command due to the radio link failure in the serving cell. The case will get worse when using long DRX cycles. Currently, another Rel-12 WI HetNet is studying on this aspect, i.e. the impact of DRX on HO performance. Therefore, the corresponding work should be left to HetNet WI.

3.3 Others

Aim to reduce the data transmission power, the solution “Transmission delay until better coverage conditions” is proposed. The main impact on RAN of this solution is network should provide the related configuration to UE, including transmission delay timer and signal quality threshold. The remaining should be left to UE implementation.

In the solution “Factors for determining extended DRX”, only some possible factors which may influence the evaluation of other solutions are listed. It's not a real power consumption optimization solution, so the related RAN impact is analyzed together with other solutions.

3.4 Summary
Based on the above discussion, it is observed that an efficient solution to reduce the power consumption in idle/connected state is to extend the corresponding DRX cycle.

Proposal 2: Extended DRX in idle/connected state is an efficient solution of UE power consumption optimization, especially for UEs with delay-tolerant and infrequent data transmission traffic.

If the solutions “extended DRX in idle/connected state” are adopted, RAN2 need to further study the following issues:

1. Which maximum/reasonable DRX value that should be possible to select.

2. How to acquire the timely system information.

3. How to achieve a good balance between mobility related signalling overhead and RRC state transition related signalling overhead for UEs in connected state, especially UEs running MTC applications (packet inter arrival time may up to several minutes and larger).

Proposal 3: RAN2 is respectfully asked to further study the above listed issues if the solutions “extended DRX in idle/connected state” are adopted.

In addition, compared with the analysis in section 2.2, the power consumption optimization solutions with respect to the measurement are not covered by current SA2 solutions.

Proposal 4: RAN2 is respectfully asked to further study the power consumption optimization solutions with respect to the measurement.
4. Conclusions
In this contribution, the UEPCOP solutions and the corresponding RAN impact are discussed and the followings are proposed:

Proposal 1: RAN2 to consider the power consumption optimization solutions for RRC_IDLE state and RRC_CONNECTED state separately.

Proposal 2: Extended DRX in idle/connected state is an efficient solution of UE power consumption optimization, especially for UEs with delay-tolerant and infrequent data transmission traffic.

If the solutions “extended DRX in idle/connected state” are adopted, RAN2 needs to further study the following issues:

1. Which maximum/reasonable DRX value that should be possible to select.

2. How to acquire the timely system information.

3. How to achieve a good balance between mobility related signalling overhead and RRC state transition related signalling overhead for UEs in connected state, especially UEs running MTC applications (packet inter arrival time may up to several minutes and larger).

Proposal 3: RAN2 is respectfully asked to further study the above listed issues if the solutions “extended DRX in idle/connected state” are adopted.

Proposal 4: RAN2 is respectfully asked to further study the power consumption optimization solutions with respect to the measurement.
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