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Introduction
The Text Proposal in this document includes:
· The outcome of the discussion during the meeting on conclusions for UEPCOP.
· The qualitative analysis for solution 3a (this should be added for completeness even if the solution is expected to have no impacts on RAN and it has already been discarded by SA2). Text is taken from R2-132801

· final comparison table among the diffent solutions (copying, shortening a bit and then pasting existing text from individual sections)
Text Proposal for TR 37.869

7
Solutions for UE Power Consumption Optimization

7.1
Extended DRX in idle mode
7.1.1
Solution 1a: Extended DRX in idle mode

NOTE:
This solution is described in TR 23.887 v0.9.0, section 7.1.3.1 "Extended DRX in idle mode".

The solution proposes to extend the possible DRX cycles in idle mode with longer values to decrease the UE power consumption. When this solution is used, paging transmission period needs to be adjusted based on the extended DRX cycle assigned to the UE in idle mode.

7.1.1.1
RAN aspects

Table 7.1.1.1-1: Qualitative analysis for Solution 1a

	Applicability
	Idle mode. 
UEs that can always tolerate traffic with longer access delays for MT services in the order of the maximum extended DRX value.

Relatively infrequent data (e.g. several minutes or more). 

	Impacts to radio protocols
	Potential modification to paging (including assuring reliability of Paging Reception) if DRX Cycle is extended beyond 1024 radio frames in LTE or 4096 radio frames in HSPA
Updates to RRM requirements may be necessary (RAN4 performance requirements may need to be updated for longer DRX cycles).

UE and eNB capability support

	Impact on Mobility
	Mobility is supported, however cell reselection may be delayed and take longer due to possibly reduced frequency of measurements. Stationary devices may be less impacted by this issue.

	Impacts to S1/Iu signalling
	Extended DRX Cycle capability support

Exchange of extended UE specific DRX value and new paging scheme 

	Impact to network implementation
	Support of protocol extensions to enable negotiation of capability of extended DRX cycles.

Potential extension of buffers for pending paging messages

Support of extended UE specific DRX values and potential paging enhancement.

	Impact to UE implementation
	Support of protocol extensions to enable negotiation of capability of extended DRX cycles.

Support of extended UE specific DRX values and potential paging enhancement.

	Impact on UE Power Consumption
	UE Power savings due to longer periods in low power mode.

	Impact on UE performance
	Longer access delays for MT services.


7.1.2
Solution 1b: Extended DRX using UE Assistance Information

NOTE:
This solution is described in TR 23.887 v0.9.0, section 7.1.3.2 "Extended DRX using UE Assistance Information".
The proposed solution suggests that – based on the Power Preference Indication included in the UE assistance information - the network could also decide to extend the DRX cycle / paging cycle in idle mode.
7.1.2.1
RAN aspects

Table 7.1.2.1-1: Qualitative analysis for Solution 1b

	Applicability
	Idle mode. 
UEs that can always tolerate traffic with longer access delays for MT services in the order of the maximum extended DRX value. 

Relatively infrequent data (e.g. several minutes or more) 

	Impacts to radio protocols
	Potential modification to paging (including assuring reliability of Paging Reception) if DRX Cycle is extended beyond 1024 radio frames in LTE or 4096 radio frames in HSPA
Updates to RRM requirements may be necessary (RAN4 performance requirements may need to be updated for longer DRX cycles)

UE and eNB capability support

Add extended DRX Cycle in RRC Connection Release

	Impact on Mobility
	Mobility is supported, however cell reselection may be delayed and take longer due to possibly reduced frequency of measurements. Stationary devices may be less impacted by this issue.

	Impacts to S1/Iu signalling
	Extended DRX Cycle capability support
Exchange of extended UE specific DRX value and new paging scheme
Power Preference Information sent over the S1 interface 

	Impact to network implementation
	Support of protocol extensions to enable negotiation of capability of extended DRX cycles.

Potential extension of buffers for pending paging messages
New mechanism to handle Power Preference Information

Support of extended UE specific DRX values and potential paging enhancement.

	Impact to UE implementation
	Support of protocol extensions to enable negotiation of capability of extended DRX cycles.

Support of extended UE specific DRX values and potential paging enhancement.

	Impact on UE Power Consumption
	Potential UE Power savings due to longer periods in low power mode. 

	Impact on UE performance
	Longer access delays for MT services.


7.2
Long DRX cycles in connected mode
7.2.1
Solution 2a: Long DRX cycles in connected mode

NOTE:
This solution is described in TR 23.887 v0.9.0, section 7.1.3.6 "Long DRX cycles in connected mode".
The proposed solution extends the long DRX cycles in connected mode allowing the terminal to switch off its radio transmitter and receiver for longer periods of time, and thus reduce its power consumption.
7.2.1.1
RAN aspects
Table 7.2.1.1-1: Qualitative analysis for Solution 2a

	Applicability
	UEs that can always tolerate traffic with longer access delays for MT services as well as DL packet delays in the order of the maximum extended DRX value.

	Impacts to radio protocols
	Impacts to DRX cycle calculation if DRX cycle is extended beyond 10.24 seconds. 

Impact to SIB monitoring if UE does not monitor paging according to legacy procedure.

Updates to RRM and RLM measurement requirements may be necessary (RAN4 performance requirements may need to be updated for longer DRX cycles).

	Impact on Mobility
	Without enhancements, mobility performance may be degraded due to increased number of HO failures and RLF occurrences, esp. for high-mobility UE.

	Impacts to S1/Iu signalling
	None

	Impact to network implementation
	Support of protocol extensions to enable negotiation of capability of extended DRX cycles.

Support of extended UE specific DRX values and potential mobility enhancement.

	Impact to UE implementation
	Support of protocol extensions to enable negotiation of capability of extended DRX cycles.

Support of extended UE specific DRX values and potential mobility enhancement.

	Impact on UE Power Consumption
	UE Power savings due to longer periods in low power mode. 

	Impact on UE performance
	Degradation of service quality for DL packet delivery due to higher UP latency.


7.3
Transmission delay until better coverage conditions
7.3.1
Solution 3a: Transmission delay until better coverage conditions

NOTE:
This solution is described in TR 23.887 v0.9.0, section 7.1.3.5 "Transmission delay until better coverage conditions".
This solution allows UEs to transmit at lower power levels by delaying the transmission until coverage conditions are better.
7.3.1.1
RAN aspects

Table 7.3.1.1-1: Qualitative analysis for Solution 3a
	Applicability
	Delay tolerant traffic

	Impacts to radio protocols
	None

	Impact on Mobility
	Mobility is supported.

	Impacts to S1/Iu signalling
	None

	Impact to network implementation
	None

	Impact to UE implementation
	Additional UL Data buffering

Received signal quality/strength comparison before packet transmission. 

New Transmission Delay Timer.

	Impact on UE Power Consumption
	Potential UE Power savings for mobile UEs.

	Impact on UE performance
	Potential issue for UEs in cell edge or with high speed.
Longer access times for MO services.


No RAN specification impacts are foreseen for this solution.
7.4
Power Saving State

7.4.1
Solution 4a: New Dormant State 
NOTE:
This solution is described in TR23.887v0.9.0, section 7.1.3.3 "Power Saving State for Devices".
This solution allows the UE to move to a new power saving “Dormant State”, after an active time period starting when the UE changes to idle state. In the new state all AS functionalities stop, the UE is not reachable for DL data transmission and the UE only wakes up - going back to idle state - when it has UL data pending or when it needs to perform a tracking area update.
[image: image1.emf] 
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Figure 7.4.1-1: New ECM state model in the UE

7.4.1.1
RAN aspects
Editor’s Note:
RAN aspects of the solution and any related RAN enhancements and evaluations should be captured here.



8
Comparison of solutions for UE Power Consumption Optimization

8.1
Traffic models

The same scenarios as in section 6.1 shall be considered when evaluating the impact on UE power consumption of the different proposals.
8.2
Evaluation metrics
Table 8.2-1: Comparison table on solutions for UE Power Consumption Optimization
	Solutions (
Evaluation criterion
	Extended DRX in idle mode
	Long DRX cycles in connected mode
	Transmission delay until better coverage conditions
	Power Saving State

	
	Solution 1a
	Solution 1b
	Solution 2a
	Solution 3a
	Solution 4a

	Applicability
	Idle mode. 
UEs that can always tolerate traffic with longer access delays for MT services.

Relatively infrequent data 
	Idle mode. 
UEs that can always tolerate traffic with longer access delays for MT services. 

Relatively infrequent data 
	UEs that can always tolerate traffic with longer access delays for MT services as well as DL packet delays.
	Delay tolerant traffic
	[to be included after approval of R2-132988]

	Impacts to radio protocols
	Potential modification to paging  if DRX Cycle is extended beyond 1024 radio frames in LTE or 4096 radio frames in HSPA
Updates to RRM requirements may be necessary 
UE and eNB capability support
	Potential modification to paging  if DRX Cycle is extended beyond 1024 radio frames in LTE or 4096 radio frames in HSPA
Updates to RRM requirements may be necessary 
UE and eNB capability support

Add extended DRX Cycle in RRC Connection Release
	Impacts to DRX cycle calculation if DRX cycle is extended beyond 10.24 seconds. 

Impact to SIB monitoring if UE does not monitor paging according to legacy procedure.

Updates to RRM and RLM measurement requirements may be necessary 
	None
	[to be included after approval of R2-132988]

	Impact on Mobility
	Mobility is supported, however cell reselection may be delayed and take longer due to possibly reduced frequency of measurements. Stationary devices may be less impacted by this issue.
	Mobility is supported, however cell reselection may be delayed and take longer due to possibly reduced frequency of measurements. Stationary devices may be less impacted by this issue.
	Without enhancements, mobility performance may be degraded due to increased number of HO failures and RLF occurrences, esp. for high-mobility UE.
	Mobility is supported.
	[to be included after approval of R2-132988]

	Impacts to S1/Iu signalling
	Extended DRX Cycle capability support

Exchange of extended UE specific DRX value and new paging scheme 
	Extended DRX Cycle capability support
Exchange of extended UE specific DRX value and new paging scheme
Power Preference Information sent over the S1 interface 
	None
	None
	[to be included after approval of R2-132988]

	Impact to network implementation
	Support of protocol extensions to enable negotiation of capability of extended DRX cycles.

Potential extension of buffers for pending paging messages

Support of extended UE specific DRX values and potential paging enhancement.
	Support of protocol extensions to enable negotiation of capability of extended DRX cycles.

Potential extension of buffers for pending paging messages
New mechanism to handle Power Preference Information

Support of extended UE specific DRX values and potential paging enhancement.
	Support of protocol extensions to enable negotiation of capability of extended DRX cycles.

Support of extended UE specific DRX values and potential mobility enhancement.
	None
	[to be included after approval of R2-132988]

	Impact to UE implementation
	Support of protocol extensions to enable negotiation of capability of extended DRX cycles.

Support of extended UE specific DRX values and potential paging enhancement.
	Support of protocol extensions to enable negotiation of capability of extended DRX cycles.

Support of extended UE specific DRX values and potential paging enhancement.
	Support of protocol extensions to enable negotiation of capability of extended DRX cycles.

Support of extended UE specific DRX values and potential mobility enhancement.
	Additional UL Data buffering

Received signal quality/strength comparison before packet transmission. 

New Transmission Delay Timer.
	[to be included after approval of R2-132988]

	Impact on UE Power Consumption
	UE Power savings due to longer periods in low power mode.
	Potential UE Power savings due to longer periods in low power mode. 
	UE Power savings due to longer periods in low power mode. 
	Potential UE Power savings for mobile UEs.
	[to be included after approval of R2-132988]

	Impact on UE performance
	Longer access delays for MT services.
	Longer access delays for MT services.
	Degradation of service quality for DL packet delivery due to higher UP latency.
	Potential issue for UEs in cell edge or with high speed.
Longer access times for MO services.
	[to be included after approval of R2-132988]


Explanations:

-
Applicability: Indicates for which scenarios and traffic patterns a solution is available or not. 
-
Impacts to radio protocols: Refers to impact to existing radio protocols (e.g. RRC)  
-
Impact on Mobility: Refers to whether the solution supports mobility, has any limitations related to handover/ cell reselection support and/or whether and how it affects handover/cell reselection performance (e.g. some solutions may be specific to stationary devices)
-
Impacts to S1/Iu signalling: Refers to impacts to S1/Iu signalling
-
Impact to network implementation: Refers to the impact on the network (e.g. eNB/RNC) implementation
-
Impact to UE implementation: Refers to the impact on UE implementation
-
Impact on UE power consumption: Indicates whether the solution can decreases (or increases) UE power consumption
-
Impact on UE performance: Indicates whether the solution might have an impact the UE performance (e.g. on paging response, QoS, latency, etc.)
9
Conclusions

On solutions for UE Power Consumption Optimization:
-
Impact on UE performance: Solution 4a (‘Power saving state’) and solution 1a and 2a (introducing very long DRX cycles in IDLE or CONNECTED) are expected to have roughly the same power consumption if the sleep times are equivalent (e.g. several tens of minutes). There is no fundamental difference between very long DRX cycles and power saving state from power consumption point of view.
-
Differently from the introduction of DRX cycle values beyond 10.24s (for LTE), which would have a number of RAN implications, the definition of a ‘Power saving state’ has very limited impact on the RAN, if transition into the state is configured/ managed by NAS.
-
The ‘Power saving state’ solution limits the UE reachability to the configured durations of the periodic TAU (e.g. several tens of minutes) and would then be applicable to some MTC use cases only. The same restriction would apply for solutions introducing DRX cycle values leading to similar sleep times.
-
The definition of extended DRX cycles of up to 10.24s (for LTE) will have less impacts on the RAN than very long DRX cycles and could be usable for other use cases than the ‘Power saving state’. However, the actual power saving gain depends on whether there would be a need for reading SIB1 before every paging occasion.






�This section is expected to be covered by R2-132988 (rev of R2-132395)
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