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1 Introduction
In this paper we provide an evaluation on the pros and cons of the solutions for UE lower power consumption optimizations listed in the SA2 LS[1].
Besides, some additional proposals for UE power consumption optimizations are presented for discussion.
2 Scenarios
Based on the objectives of this study item [2], UE low power consumption optimizations should be considered for the following scenarios:
· Traffic involving extremely infrequent small data transfers: 

Example: smart meters which may send report with interval of hours;

· Traffic involving lightly infrequent small data transfers: 

Example: mobile data applications running on smartphones, e.g. IM traffic, background traffic.
For both the above scenarios the impacts of mobility should be considered as well.
3 Discussion on possible solutions
In this section, we first evaluate the solutions investigated by SA2, identifying the impacts to RAN. 
Then we also provide some additional proposals for discussion and decision.
3.1
Evaluation on SA2 proposed solutions
The solutions for UE power consumption optimizations listed in the SA2 LS can be grouped into 3 main areas:

· Extended DRX in idle mode (proposals 7.1.3.1, 7.1.3.2 in TR23.887 v0.8.0)
· Transmission delay until better coverage conditions (proposal 7.1.3.5 in TR23.887 v0.8.0)
· Long DRX cycles in connected mode: (proposals 7.1.3.2, 7.1.3.6 in TR23.887 v0.8.0)
Table 3-1 summarizes the pros, cons and the impacts to RAN of the above 3 approaches.
Table 3-1 Evaluation of existing SA2 solutions
	
	Pros
	Cons
	Impacts to RAN

	Extended DRX in idle mode
	· Small impacts to RAN

· Low complexity


	· Increased latency of MT call, not fit for delay sensitive applications
	· May need negotiation between UE and the network for identifying the capability of supporting extended DRX cycles
· May need to support negotiation of extended DRX cycles
· May need to indicate the eNB’s support for extended DRX to the CN nodes

	Long DRX cycles in connected mode
	· Small impacts to RAN

· Low complexity


	· May cause extra HO signalling when the terminal is in high mobility.
· Unfit for delay sensitive  applications
· The num of connected UE may increase greatly, the eNB needs to keep more radio bearers/increase PUCCH occupation
	· Extend the current long DRX cycle values
· Should evaluate the impacts due to the introduction of extended long DRX value 

	Transmission delay until better coverage conditions
	· Easy to achieve
· Small impacts to RAN or no impacts to RAN (leave it to UE implementation)

	· Unfit for delay sensitive  applications/devices
· When the coverage conditions remain bad due to some long-time reasons, the devices may fail to work for an unacceptable long time.

	· UE need to run a ‘delay timer’ 
· UE need to be configured with a signal quality threshold.
· UE may need to introduce a policy to avoid falling to unable-to-work status while detecting the bad coverage condition continuing for a long time.
· The delay timer and signal quality threshold could be configured via OMA DM configuration or it can be an UE defined value


From above evaluations, it seems clear that all 3 solutions mainly aim to specific MTC applications or MTC devices, i.e. characterized by delay tolerance or low mobility, but they cannot well solve the requirements from other mobile data applications running on smartphones.
Regarding the solution ‘Long DRX cycles in connected mode’, past discussion during the R11 eDDA WI already showed that it’s not easy to find a good trade-off between power saving and extra HO signaling overhead. Besides, if the eNB selects a longer DRX cycle instead of releasing the UE/ MTC devices, the number of connected UEs/MTC devices may increase considerably, so that the eNB has to maintain a large number of radio bears/contexts and PUCCH assignments. The potential impacts on RAN performance when adopting this solution should be carefully evaluated
The solution ‘Transmission delay until better coverage conditions’ does have power saving benefit compared with transmission under bad coverage condition, but the benefit depends on the signal quality threshold setting, i.e. the power saving benefit is bigger with higher threshold, and meanwhile higher threshold may lead to a very long delay time which may not be easy to accept by the user. This solution could be considered as a UE implementation solution. 
Proposal 1: Take the above analysis into account when providing feedback on the SA2 proposed solutions.
Proposal 2: The potential impacts on RAN performance when extending the long DRX cycle length in RRC connected mode should be carefully evaluated.
3.2
Potential enhancements for UE power consumption optimization
In this section some additional enhancement for UE power consumption optimization are suggested.
1. Better exploit the delay tolerant feature, e.g. UE/eNB should buffer delay tolerant data
When in RRC idle mode or RRC connected mode and the UE or the network detect the arrival of delay tolerant data, the UE/network could buffer the data and delay its transmission until one of the following conditions are met: e.g.

· The waiting time exceeds a certain threshold (which could be predefined per UE context or per application)

· The size of buffered data exceeds a certain level (which could be defined per UE/eNB or per application) defined)
This could be used for Machine Type use cases, but it could also be used for other mobile application type running on smartphones. For delay tolerant traffic the UE/ network could define a feasible waiting time and buffer threshold, e.g. a several-seconds waiting time and 10-100KB buffer threshold. This would not cause unacceptable impacts to user experience and would lead to some actual UE power saving benefit.
2. Achieve a more flexible DRX handling, reducing short DRX cycle usage without affecting user experience, e.g. Introduce a MAC CE command to force the UE to directly move to long DRX cycle
When the network predicts (with a certain high probability) that the next DL/UL data will arrive after a long time interval, the eNB could send the new MAC CE command to force the UE to move to long DRX cycle immediately (if the UE is in short DRX cycle) or move to long DRX cycle directly, without going through the short DRX cycle (if the UE is not in DRX mode yet), and disable the short DRX cycle for a certain time length. 
The benefit of this solution is to reduce the usage of the short DRX cycle at the expenses of a tiny signaling overhead when the network has a good prediction on the data arrival. For MTC applications, the data arrival interval may be obtained from service provider, or detected by the eNB, since most of machine type communications are of periodical transmission nature. For mobile data applications running on smartphone, i.e. IM traffic, even if the network makes a wrong prediction, this will not lead to bad user experience.
Proposal 3: It is proposed to consider the 2 above solutions into account and add them as alternatives for UE power consumption optimizations in the TR.
4 Conclusion 
Proposal 1: Take the above analysis into account when providing feedback on the SA2 proposed solutions.

Proposal 2: The potential impacts on RAN performance when extending the long DRX cycle length in RRC connected mode should be carefully evaluated.
Proposal 3: It is proposed to consider the 2 above solutions into account and add them as alternatives for UE power consumption optimizations in the TR.
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