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1 Introduction
A new SI “RAN aspects of MTC and other mobile data applications Communications enhancements” [1] was initiated to look at enhancements on signaling overhead and power consumption aspects. SA2 TR [3] has already identified several potential solutions and LS R2 for feedback [2]. This paper presents our evaluation for the solutions on UE power consumption optimization (UEPCOP) aspect.
2 Discussion
2.1 Extended DRX in idle mode (Section 7.1.3.1) 

Short summary

The characteristics of the solution is that the maximum DRX cycle for UE in idle mode is extended to much longer values, which allows the UE to save battery as waking up and listening for a potential paging message is one major power consuming functionality. When this solution is used, paging transmission period needs to be adjusted accordingly.
RAN impacts
From SA2 TR [3].

Impacts on UE:
· Support RAT- protocol extensions to enable negotiation of extended DRX cycles.
· Support NAS-protocol extensions to enable extended DRX cycles. Support for coding of parameters for the extended DRX and sending it in a dedicated NAS message to the UE.

· Support alternating the extended DRX cycle with the normal DRX cycles.

Impacts on network:

-
Support RAT- protocol extensions to enable negotiation of extended DRX cycles.
-
Modified handling of paging requests to accommodate the extended DRX cycle along with the normal DRX cycle. Also it may need to contain expanded buffers in order to buffer the paging requests received from the core network during the extended DRX cycle period.

-
May need to indicate its support for extended DRX to the core network nodes.

Potential problems

· Requirements of alternating the extended DRX cycle with the normal DRX cycle. For UE/network/MME, it is important to know when the extended DRX can be used and when it has to fall back to normal DRX cycle.
· New paging mechanism for extended DRX cycle. The current maximum DRX value is 2.56 second. If the current way of calculating paging occasion does not change, the paging cycle extension is limited by SFN wrap around, which is 10.24 second. If longer than that, current way of calculating paging occasion does not work.
· Mechanism to avoid paging loss caused by using a long paging cycle shall be considered. With a DRX cycle in the magnitude of minutes it is likely that cell reselection does not work and cannot be used, because when  wakes up for paging, it is likely to no longer in the coverage of the originally camped cell. For the same reason, UE might wake up at wrong timing, since the paging occasions are not synchronized among cells.
2.2 Extending DRX using UE Assistance Information (Section 7.1.3.2)
Short summary
UE performs power preference indication (PPI) procedure to indicate power saving preference. Besides to adopt DRX in connected mode, it can also be used to trigger RRC release and adopt DRX mode in idle mode. After receiving PPI from a UE, eNB sends UE Context Release Request to MME with low power indication. MME replies with UE Context Release Command with long paging DRX to the eNB, and the eNB send RRC Connection Release with long paging DRX to the UE. Release UE to idle allows the UE to only listen to paging and save battery.
RAN impacts
From SA2 TR [3].
Impacts on UE:
- 
Extension to RRC connection release to include extended paging DRX.
Impacts on network:

-
Support extension of S1-AP Context release messages for extended paging DRX and low power indication.
-
Extension to RRC connection release to include extended paging DRX. 
- 
eNB needs to support longer DRX cycle beyond 2.56 seconds
Potential problems
· Mechanism at eNB to filter PPI from a UE, since PPI is temporary status and UE is likely to come back to normal state in a short time.
· Considering the signalling of idle to connected transition, keeping a UE in connected mode with DRX can have similar power consumption as release the UE to idle mode. PPI alone provides insufficient information for eNB to make decision.

Following bullets are the same as “Extended DRX in idle mode” if extended DRX values are used.
· Requirements of alternating the extended DRX cycle with the normal DRX cycle. For UE/network/MME, it is important to know when the extended DRX can be used and when it has to fall back to normal DRX cycle.

· New paging mechanism for extended DRX cycle. The current maximum DRX value is 2.56 second. If the current way of calculating paging occasion does not change, the paging cycle extension is limited by SFN wrap around, which is 10.24 second. If longer than that, current way of calculating paging occasion does not work.

· Mechanism to avoid paging loss caused by using a long paging cycle shall be considered. With a DRX cycle in the magnitude of minutes it is likely that cell reselection does not work and cannot be used, because when  wakes up for paging, it is likely to no longer in the coverage of the originally camped cell. For the same reason, UE might wake up at wrong timing, since the paging occasions are not synchronized among cells.
2.3 Transmission delay until better coverage conditions (Section 7.1.3.5)

Short summary
This solution allows UEs to delay a transmission until better coverage conditions, i.e. above a threshold. Both ‘transmission delay timer’ and ‘signal quality threshold’ are configurable.
RAN impacts
From SA2 TR [3].
Impacts on UE:
-
The UE needs to run a ’transmission delay timer’ (per UE or per application depending on the configuration).
-
The UE needs to compare the ‘signal quality threshold’ with the already available received signal quality/strength before a decision to transmit or delay.

Potential problems

· It is possible after the delay the signal quality is worse, then the solution actually results in more power consumption on a per UE basis. The solution is justified from the network efficiency point of view rather than per UE power saving. Other factors may obsolete the UE decision too, e.g. connection setup delay, scheduling delay, etc. In general, we think it is difficult to discuss the details of the solution and better rely on smart UE implementation.
2.4 Long DRX cycles in connected mode (Section 7.1.3.6)

Short summary
The characteristics of the solution is that the maximum DRX cycle for UE in connected mode is extended to much longer values, which allows the UE to have more opportunity to save battery.
RAN impacts
From SA2 TR [3].
Impacts on UE:
-
Depending on which mechanisms to use it requires some signalling of long DRX settings e.g. for certain types of UEs.

Impacts on network:
-
The number of UEs that are kept in connected mode increases, the eNB has to keep more contexts.
-
A longer time-to-live for downlink UP and CP data units in RAN may require adjustments for buffer handling; specific actions may be required for interaction with NAS or other higher layer procedures (e.g. the eNB may have to release the S1 connection at time-to-live expiry to inform the CN that the UE is not reachable and the CN can fall back to idle mode handling), the specific handling is FFS.
-
In case the solution is applied to mobile UEs the amount of S1 error handling or NAS recovery procedures will increase.

Potential problems

· To extend DRX cycle in connected means more handover failure for moving UEs, need mechanism to enhance mobility robustness.
· Mechanism to inform UE with extended DRX cycle about the SIB change.

2.5 Factors for determining extended DRX (Section 7.1.3.7)
Short summary
The solution is an add-on to the solutions of extending DRX in idle or connected mode.
RAN impacts

Depending on the factors and the method used for determining extended long DRX in idle or connected mode, UE and network impacts are FFS.
Potential problems

· Refer to sections for extending DRX in idle (2.1) or connected mode (2.4).
· Extending DRX is not simple since it also affects mobility performance. In general, it’d be good that DRX can be decided only based on service requirement and regardless of the mobility.
3 Conclusion
We have summarized the comparison of the three main proposals in below table.
	
	Power saving  
	UE complexity
	Network complexity 
	Connected mode mobility robustness
	Idle mobility

	Extended DRX in idle mode
	H
	L/M (paging robustness enhancement)
	L/M (paging robustness enhancement)
	N/A
	None

	Long DRX cycles in connected mod
	M
	L/M (mobility enhancement)

	L/M (mobility enhancement, data buffer handling)

	Impact depends on UE speed
	N/A

	Transmission delay until better coverage conditions
	? (depends on the signal quality)
	M/H
	N/A
	N/A
	None


Proposal 1:
Include in the TR the short summary and evaluation presented in this contribution.
Proposal 2:
Include the potential problems presented in this contribution as potential study objects in the TR.
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