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1. Introduction 

In the last RAN plenary meeting i.e. RAN#59, a new study item titled “RAN aspects of MTC and other mobile data applications Communications enhancements” was approved [1]. As per the SA2 LS [2] RAN2 has been requested to provide feedback on the following list of UEPCOP (UE Power Consumption) related solutions in TR 23.887 [3]: 
1. Ch. 7.1.3.1 “Extended DRX in idle mode”;

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

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

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

5. Ch. 7.1.3.7 “Factors for determining extended DRX”.

In this paper, we provide an objective overview of the above list of solutions in terms of summary, RAN level impacts, the advantages and limitations of the solutions and comments. We also provide a UEPCOP evaluation table summarizing the different aspects for reference [4]. The rest of the paper is organized as follows: Section 2 provides discussion details of solutions within Extended DRX in idle mode, long DRX cycles in connected mode and transmission delay until better coverage conditions and corresponding simulation results; Section 3 provides a comparison of the solutions currently proposed in the TR [3] and are part of the LS and discusses the open items and way forward, and section 4 concludes the contribution with proposals and observations summarized.
2.  Discussion
2.1 Extended DRX in idle mode
2.1.1. Solution 7.1.3.1 (Extended DRX in idle mode) 

2.1.1.1 Summary 
This solution proposes the extension of the DRX cycle for GERAN/UTRAN/E-UTRAN in idle mode to save battery drain for UE from waking and listening to paging messages. The availability of the extended DRX cycle should be exchanged between the UE and the network either in an explicit capability indication or implicitly when requesting extended DRX cycle value to avoid synchronization issue (once the capability of the UE, RAN node is verified). The RAN node’s support may be informed to the MME through S1/Iu signaling, OA&M message or manual configuration. The negotiation of the extended DRX cycle for the UE should consider the UE’s capability, the network condition, and support of extended DRX for RAN nodes within an area served by the core network node (e.g., TAs or MME pool area). The MME should indicate to the E-UTRAN to use the UE specific DRX cycle and not the shortest of the UE specific and default paging cycle as advertised in the SIB. The UE should also use its own specified DRX cycle and ignore the broadcasted default value. 

Alternating the paging cycle between extended DRX cycle and normal DRX cycle (either defaultpagingcycle or negotiated) is also proposed to minimize paging loss. 
2.1.1.2 Impacts 

In this section we list the impacts on RAN as identified by the SA2 TR 23.887 [3] and other aspects as shown below in table 1.

Table 1: Impacts of Solution 7.1.3.1
	Nodes Impacted
	Impacts to the UE
	Impacts to the RAN node
	ASN.1 Changes
	Limitations
	Advantages
	Comments

	UE, eNB, MME (MSC/SGSN)
	Support RAT- protocol extensions to enable negotiation of extended DRX cycles

Support NAS-protocol extensions to enable extended paging 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.

	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.


	Paging, MIB, SIB, NAS messages (Attach, TAU)
	Support of alternating paging DRX cycles (extended/normal)
DL initiated transfers suffer higher UP latency.


	UE Power savings due to longer periods in low power mode. 
Solution works independently and may be combined with any other idle mode power optimizations

Does not modify existing mechanism, but extends in a backwards compatible manner
	 Major impact is the change in System Frame Number design. 
Alternating the DRX cycles may increase the complexity of the solution to avoid synchronization issues. 

Updates to measurement procedures necessary

Solution has to be robust to support fallback cases (Ex. When one of the RAN nodes does not support extended DRX cycles)


2.1.1.3 RAN level Comments and Considerations
In this section we discuss some of the important RAN level aspects for the RAN2 working group to consider as way forward in analysing this solution in addition to the impacts as per already covered above. Some of the aspects are abstracted for comparison of the different solutions as provided in a table in section 3.
· A note regarding change to System Frame Number is provided in the solution. The SFN may either be extended to support larger number or a multiplier/repetition factor may be introduced to be used in conjunction with extended DRX cycle and communicated between UE and UTRAN/E-UTRAN to avoid synchronization issue while calculating the PF and PO [5]. However, an LS may need to be generated to affected working groups to verify the feasibility of extending the SFN in the MIB (potentially using the spare bits in the MIB). 

· As the UE may change the UE specific DRX cycle at any time using Tracking Area Update Request procedure, the alternating support may need to be modified dynamically and the normal DRX cycle can be either the defaultPagingCycle or UE specific value or shorter of the two.

· While alternating between the extended and normal DRX cycle, the PagingDiscardTimer at the eNB may need to be adjusted correspondingly; 
· Paging blocking issue: If the UE is configured for extended DRX cycle, and wakes up correspondingly but misses a page due to blocking at eNB, then relying on the normal paging DRX cycle and a fallback to continue with this cycle should be communicated to the MME/UE. 
· It is up to UE implementation to adjust the internal clock to ensure timing synchronization when waking up after an extended period in idle mode. 

· Complexity: At the RAN level, the most significant change required seems to be the modification of the system frame number to support the extended timers. However, there are other substantial changes needed at the UE as well as at the E-UTRAN to support this feature. 
· Mobility Support: This solution suggests the network take into consideration the support of the extended DRX cycle by the RAN nodes within the area served by the core network node. This indicates that the solution does not support mobility intrinsically and is most suitable for stationary UEs. 
· QoS (Delay Tolerant and priority): There may be a requirement to ensure that the UE is aware of the delays that will be introduced due to the buffering of any downlink data intended for the UE. Strict measures have to be taken so as to not miss any high priority data. 

· Several changes in the measurement rules and methodology [5] are deemed necessary to support extended DRX cycles and need further study. 

2.1.2 Solution 7.1.3.2 (Extending DRX using UE Assistance Information) 
2.1.2.1 Summary
In this solution, the UE assistance information as defined in [6, Release 11] may be interpreted by the E-UTRAN to send the UE into idle mode, potentially with longer paging DRX cycle. It can work together with solution 7.1.3.1 in such a way that longer DRX cycles may be used based on the UE assistance information.
2.1.2.2 Impacts
In this section we list the impacts as identified by the SA2 TR 23.887 [3] and other aspects as shown below in table 2.

Table 2: Impacts of Solution 7.1.3.2
	Nodes Impacted
	Impacts to the UE
	Impacts to the RAN node
	ASN.1 Changes
	Limitations
	Advantages
	Comments

	UE, eNB, MME 
	Extension to RRC connection release to include extended paging DRX
	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
May need to indicate its support for extended DRX to the core network nodes.


	Paging, MIB, SIB, RRC Connection release.
	DL initiated transfers suffer higher UP latency.


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

Solution works independently and may be combined with any other idle mode power optimizations, ex. 7.1.3.1 from [3]
Modifies existing mechanism, but may be extended in a backwards compatible manner.
	Major impact is the change in System Frame Number design. 

UE assisted, network based solution as the network decides the extended paging DRX cycle for specific UE (defaultpagingcycle is broadcasted; instead a specific paging cycle for each UE is proposed). UE specific DRX cycle is potentially not considered for extension.
Updates to measurement procedures may be necessary




2.1.2.3 RAN level Comments and Considerations
In this section we discuss some of the important RAN level aspects for the RAN2 working group to consider as way forward in analysing this solution in addition to the impacts as per already covered above. 
· As the paging DRX value is negotiated between the UE and the MME during idle mode under current specification, it is a shift in methodology for the eNB to indicate the extended/longer paging DRX value to the UE which may mean maintaining individual UE context for paging DRX cycle value for the eNB as opposed to cell specific defaultpagingcycle as it exists today. 
· The UE, eNB and the network need to be synchronized with the dynamic change in paging DRX cycle to follow extended value and if alternating between two values is used.

· This solution is specific to UEs that support and use UE assistance information and its usage concurrent with the UE specific DRX cycle (extended) needs further investigation. The intention of the UE assistance information is to minimize UE power consumption (e.g. transitioning the UE to idle or using longer DRX Cycles).For the case of extended DRX Cycle, the network based on its own implementation may need further information from the UE to be able to configure the UE for extended paging DRX.
· All the above mentioned considerations from section 2.1.1.3 apply.
2.1.3 Simulation 
In this section, we provide simulation results to analyse the need for extending the DRX cycle in idle mode. The power model and traffic characteristics used in the simulation are provided in Annex 1. As per the current specification, the maximum supported DRX cycle is 256 radio frames (IE RadioResourceConfigCommon specifying common radio resource configurations in the system information contains defaultpagingcycle in [6] and UE specific DRX cycle as per [8]). 
Assuming that the DRX cycle in idle mode may be extended, the new maximum value to be supported needs further study. It depends on a number of factors including the usage model for the UE as it cannot be paged for an extended period of time (Ex. Sensors), traffic model and corresponding buffering requirements, configuration of the RRC inactivity/release timer at the eNB and whether such a configuration is going to be cell-specific or UE specific, UE mobility (corresponding measurement configuration), etc. This simulation is a step towards determining the need for extended DRX cycle and to study how much extension is necessary or sufficient.  

The paging DRX cycle 2.56 seconds is used as a baseline for comparison (first value plotted in all the figures). We first analysed the UE power consumption for fixed/periodic type of small data traffic with data activity occurring at fixed intervals of 5min, 30min, 24hr (figure 2). Based on our simulations, we found that the primary factors affecting the power consumption in idle mode include the RRC inactivity timer, the paging DRX cycle, measurement activity if any, and the amount of time UE is active if responding to paging through service request. The inter-arrival time corresponds to expected traffic model and it can be noted that different traffic models correspond to different maximum DRX cycle value at which the power consumption saturates and the RRC inactivity/release timer effects reduce as the inter-arrival time increases. Even as the power consumption saturates for the specific power model that we are considering, it then becomes a trade-off between spending that energy versus paging delay. 
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Figure 1. Impact of Paging DRX Cycle on UE Power Consumption for Small Data Traffic with different periodic/fixed IATs
Observation 1: For periodic traffic, extending paging DRX cycle from 2.56 seconds to 5 mins decreases the power consumption by up to 50% (depending on the IAT and the RRC Inactivity Timer). 

Observation 2: For periodic MTC traffic with shorter IATs, power consumption decreases substantially with shorter RRC inactivity/release timer. For example, in the case of IAT 5 min. in figure 1 the change of RRC Inactivity timer from 10s to 1s translates to reduction in power consumption by up to 50%.
Observation 3: The impact of RRC inactivity timer is insignificant when the inter-arrival times become very long (order of hours) due to fewer transitions from Idle to Connected mode. However, the impact of paging DRX cycle extension still remains. 

Observation 4: Increasing the paging DRX cycle aids in reduction of the power consumption however, after a certain cycle length there is not a substantial difference in power consumed. 
We also analysed different traffic models such as exponential traffic with different mean inter-arrival times ([9]) and two background traces for UE power consumption analysis (figures 2 and 3 respectively). 
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Figure 2. Impact of Paging DRX Cycle on UE Power Consumption for exponential traffic
The background traces are added to evaluate the non-MTC traffic work-load. These traces were gathered on a smartphone type device running Android OS and applications such as GoogleTalk, Skype, Facebook and Twitter. Similar benefit on increasing the paging DRX Cycle can be observed.
Observation 5: For Background traffic, as with MTC traffic with short inter-arrival times, changing the RRC inactivity timer from 10s to 1s decreases the power consumption up to 75%.
[image: image3.png](mW)

Power Consumption

120

120

3

8

20

(mW)

Power Consumption

3

8

8

0 100 200 300 400
Paging DRX Cycle (s)

100 200 300 400
Paging DRX Cycle (s)

—— RRC Inactiity Timer = 15
—— RRC Inactiity Timer = 1s





Figure 3:  Impact of Paging Cycle on UE Power Consumption for Background traffic (2 traces)                 
As can be expected across all the traffic models, there is several orders of magnitude difference in the impact of reducing RRC inactivity timer from 10 seconds to 1 second on UE power consumption.

Based on above observations a maximum DRX cycle may be derived as a trade-off between waking up according to the cycle length (and spending that much energy) and latency (after considering the complexity of extension limits).

Proposal 1: It is proposed to consider extension of paging DRX cycle in idle mode beyond 2.56s for UE power savings.
Proposal 2: It is proposed to discuss the use of RRC inactivity timer in addition to extension of paging DRX cycle as another method to reduce UE power consumption, especially for traffic arriving at intervals less than 30 minutes. 
Proposal 3: It is proposed to discuss the idle mode measurement procedures optimizations to aid in UE power consumption in conjunction with other enhancements.
2.2 Long DRX Cycles in Connected Mode
2.2.1. Solution 7.1.3.6 (Long DRX cycles in connected mode) 

2.2.1.1 Summary 

This solution proposes to allow longer DRX cycles in connected mode (e.g. in order of minutes) for application with only mobile originated transactions or with delay tolerant indication. Such long DRX cycles are proposed to be enabled in UTRAN/E-UTRAN by updating the corresponding values and parameters in RRC/MAC in a backward compatible way such that UEs not requiring lower power consumption are not impacted. The solution may be applicable only for stationary UEs because mobile UEs will cause considerable S1 error handling / S1 recovery overhead and may need to leave the connected mode and convey this to the network with additional signalling.
2.2.1.2 Impacts

In this section we list the impacts as identified by the SA2 TR 23.887 [3] and other other aspects as shown below in table 3.
Table 3: Impacts of Solution 7.1.3.6
	Nodes Impacted
	Impacts to the UE
	Impacts to the RAN node
	ASN.1 Changes
	Limitations
	Advantages
	Comments

	UE, eNB, MME 
	May require some signalling of long DRX settings e.g. for certain types of UEs.
	May require some signalling of long DRX settings e.g. for certain types of UEs.

Increase in number of UEs that are kept in connected mode, 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, 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.
Adjust the RRC inactivity timer according to longer DRX cycle value.
	RRC Connection reconfiguration.
	DL initiated transfers suffer higher UP latency.

Adjustments of network timers if DRX cycle longer than those values
	UE Power savings due to longer periods in low power mode. 

Solution works independently and may be combined with any other connected mode power optimizations.

	Major impact is the change in System Frame Number design. 

Updates to measurement procedures may be necessary.
Well defined mechanism/configuration to identify potential UEs that can be in connected mode longer DRX cycles
Study trade-off between keeping UE in connected mode vs. transitioning to idle mode

Overload control 



 2.2.1.3 RAN level Comments and Considerations 
In this section we discuss some of the important RAN level aspects for the RAN2 working group to consider as way forward in analysing this solution in addition to the impacts as per already covered above.

· Changes to different timers and modifications to radio resource management and mobility management procedures (measurements), RLM may be necessary.

· Other considerations from section 2.1.1.3 apply.
2.2.2. Solution 7.1.3.2.1.1 (Extending Connected mode DRX based on PPI) 

2.2.2.1 Summary 

In this solution, UE assistance information (defined in 36.300, 36.331 Release 11) is used to indicate to the E-UTRAN that the UE desires to be in low power consumption mode as part of the power preference indication and the E-UTRAN configures the UE to have longer DRX cycle (potentially longer than current maximum of 2.56 seconds).
2.2.2.2 Impacts

Table 4: Impacts of Solution 7.1.3.2.1.1
	Nodes Impacted
	Impacts to the UE
	Impacts to the RAN node
	ASN.1 Changes
	Limitations
	Advantages
	Comments

	UE, eNB, MME 
	Extension to RRC connection release to include extended paging DRX

Extension to DRX config in RRC connection reconfiguration to include extended connected mode DRX
	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. 

Extension to DRX config in RRC connection reconfiguration to include extended connected mode DRX.

eNB needs to support longer DRX cycle beyond 2.56 seconds
	RRC Connection reconfiguration.
	None
	UE Power savings due to longer periods in low power mode. 

Solution works independently and may be combined with any other connected mode power optimizations.


	Major impact is the change in System Frame Number design. 

Updates to measurement procedures may be necessary.




2.2.3 Simulation 

In this section, we provide simulation results to analyse the need for extending the DRX cycle in connected mode. The power model used in the simulation is provided in Annex 1. As per the current specification, the maximum supported DRX cycle is 256 radio frames (IE [5]). 

Assuming that the DRX cycle in connected mode may be extended, the new maximum value to be supported needs further study. It depends on a number of factors including the usage model for the UE as the downlink data may need to be buffered for longer periods, traffic model and corresponding buffering requirements, configuration of the individual DRX cycles by the eNB. This simulation is a step in the way of determining the need for extended DRX cycle and study of how much extension is necessary/sufficient. 

We found that the active time during DRX cycle primarily affects the power consumption in connected mode. In the simulation (figure 4), inter-arrival time corresponds to expected traffic model and it can be noted that different traffic models correspond to different maximum DRX cycle value at which the power consumption saturates. 
Observation 6: The power consumption decreases up around 40% when DRX cycle increases from 2.56 seconds to 5 minutes.
Observation 7: As the inter-arrival time between data bursts decreases, the effect on power consumption due to different active times increases as expected (active time varies depending on factors like data activity duration, DRX Inactivity Timer, On Duration).
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Figure 4. Impact of DRX Cycle on UE Power Consumption for different small data traffic duration with different periodic IATs
Proposal 4: It is proposed to consider extension of DRX cycle in connected mode beyond 2.56s for UE power savings.
2.3 Transmission delay until better coverage conditions

2.3.1. Solution 7.1.3.5 (Transmission delay until better coverage conditions)

2.3.1.1 Summary 

Time tolerant UEs or MTC applications might delay their data transmission under bad coverage conditions. If the received signal quality/strength is below certain ‘signal quality threshold’, the UE will delay its transmission based on a ‘transmission delay timer’ (value defined per UE or per application). The UE will get connected and start the transmission when the signal quality gets above the threshold or if the ‘transmission delay timer’ expires or even if the signal quality is getting worse over the time, the UE might transmit the data without waiting the expiry of the ‘transmission delay timer’.

2.3.1.2 Impacts 
Table 5: Impacts of Solution 7.1.3.5
	Nodes Impacted
	Impacts to the UE
	Impacts to the RAN node
	ASN.1 Changes
	Limitations
	Advantages
	Comments

	UE
	Transmission Delay Timers need to run 

Before taking the decision to send any data, received signal quality/strength comparison needs to be done

Use of memory to buffer the data.
	Not identified
	None
	None
	UE Power savings due to longer periods in low power mode. 

Applicable to mobile terminals
	For a mobile terminal in cell edge conditions, although battery savings may be achieved, data transmission may be delayed for a long time; Solution suggests to send the data before the transmission delay timer expires if such a trend is detected. 


Proposal 5: It is proposed to add the summary and impacts analysis of the different solutions above in the proposed TR 37.8xx [4] under its corresponding section.
3. Summary of Solutions
This section provides the comparison of the different solutions as per the evaluation criteria proposed in [10].
Table 6: Evaluation criteria for comparison of solutions in UEPCOP [3]
	Aspect
	Extended DRX in idle mode
	Long DRX cycles in connected mode
	Transmission delay until better coverage conditions

	
	7.1.3.1 Extended DRX in idle mode
	7.1.3.2 Extending DRX using UE Assistance Information
	7.1.3.6 Long DRX cycles in connected mode
	7.1.3.5 Transmission delay until better coverage conditions

	Protocol impacts/new protocols
	Non-trivial impact to add SFN
	Non-trivial impact to add SFN
	Non-trivial impact to add SFN
	None identified

	Mobility support
	Mobility support in legacy RAN FFS
	Mobility support in legacy RAN FFS
	Mobility supported
	Mobility supported (need change in solution algorithm)

	Standardization effort and complexity (RAN level: UE/eNB)
	UE: medium
eNB: medium
	UE: medium

eNB: medium
	UE: medium

eNB: medium
	FFS

	Battery savings
	Improvement observed
	FFS
	Improvement observed
	FFS

	Affected RAT
	LTE
	LTE
	LTE
	LTE


The following table 7 summarizes the different FFS items that are RAN related and listed in [3]; We would like to propose for RAN2 to consider evaluating these items and also associate a priority as way forward to finalize on a solution for UE Power consumption optimization.

Table 7. RAN related FFS list 

	FFS
	Related Solution

	If the DRX cycles are to be extended longer than the System Frame Number currently allows then 3GPP RAN WGs would need to look into extensions of the time allowed by the SFN.
	Extended DRX in idle mode

	Gains of connected mode DRX values of a few ten of seconds, in comparison to long idle mode DRX.
	Long DRX cycles in connected and idle mode

	Maximum/reasonable DRX value that should be possible to select, e.g. aspects like re-transmission timers on higher layers needs to be considered
	Extended DRX in idle mode

	Evaluate whether long DRX cycle in idle mode initiated by UE assistance information can be allowed or not.
	Extended DRX in idle mode using UE assistance information


4. Conclusions
Observation 1: For periodic traffic, extending paging DRX cycle from 2.56 seconds to 5 mins decreases the power consumption by up to 50% (depending on the IAT and the RRC Inactivity Timer). 

Observation 2: For periodic MTC traffic with shorter IATs, power consumption decreases substantially with shorter RRC inactivity/release timer. For example, in the case of IAT 5 min. in figure 1 the change of RRC Inactivity timer from 10s to 1s translates to reduction in power consumption by up to 50%.
Observation 3: The impact of RRC inactivity timer is insignificant when the inter-arrival times become very long (order of hours) due to fewer transitions from Idle to Connected mode. However, the impact of paging DRX cycle extension still remains. 

Observation 4: Increasing the paging DRX cycle aids in reduction of the power consumption however, after a certain cycle length there is not a substantial difference in power consumed.
Observation 5: For Background traffic, as with MTC traffic with short inter-arrival times, changing the RRC inactivity timer from 10s to 1s decreases the power consumption up to 75%.
Observation 6: The power consumption decreases up around 40% when DRX cycle increases from 2.56 seconds to 5 minutes.

Observation 7: As the inter-arrival time between data bursts decreases, the effect on power consumption due to different active times increases as expected (active time varies depending on factors like data activity duration, DRX Inactivity Timer, On Duration).
Proposal 1: It is proposed to consider extension of paging DRX cycle in idle mode beyond 2.56s for UE power savings.

Proposal 2: It is requested to discuss the use of RRC inactivity timer in addition to extension of paging DRX cycle as another method to reduce UE power consumption, especially for traffic arriving at intervals less than 30 minutes.

Proposal 3: It is proposed to discuss the idle mode measurement procedures optimizations to aid in UE power consumption in conjunction with other enhancements. 

Proposal 4: It is proposed to consider extension of DRX cycle in connected mode beyond 2.56s for UE power savings.

Proposal 5: It is proposed to add the summary and impacts analysis of the different solutions above in the proposed TR 37.8xx [4] under its corresponding section.
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Annex 1: Simulation Parameters
Table 1: UE Power consumption model (based on [11])
	Parameter
	Power consumption (mW)
	Duration (ms)

	Idle Sleep  
	11.4
	

	DRX Sleep
	20
	

	Idle Active
	594.3
	43.2

	Connected Active (no data)
	1060
	

	Connected Active Tx/Rx small data
	1288.04
	


Table 2: Default Configuration Parameters

	Parameter
	Duration

	DRX On duration
	50 ms

	DRX Inactivity Timer
	100 ms

	Small Data Traffic Activity for fixed/periodic IAT
	5, 50 ms

	Fixed/periodic IAT
	20s, 1 min. 5min., 24h.

	Exponential mean IAT
	30s, 5 min.

	Background Traffic Trace 1 Mean Rate
	104.7 bytes/s

	Background Traffic Trace 1 Mean Packets per second
	0.35 pkt/s

	Background Traffic Trace 2 Mean Rate
	57.2 bytes/s

	Background Traffic Trace 2 Mean Packets per second
	0.25 pkt/s
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