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Discussion 
1      Introduction
In the last RAN2 meeting i.e. RAN2#81bis the study item titled “RAN aspects of MTC and other mobile data applications Communications enhancements” commenced with the analysis of the different SA2 proposed solutions for small data transmission and email discussion related to UE power consumption in order to provide a response to their LS [2]. As per the SA2 LS [2], RAN2 has been requested to provide feedback on several of the UEPCOP (UE Power Consumption) solutions described in TR 23.887 [3]. 

As the email discussion captures the qualitative analysis of the different UEPCOP solutions, in this paper, we provide quantitative analysis of extended DRX in idle and connected mode for different traffic models in section 2. We also provide a detailed comparison of the solutions in section 3 based on the agreed metrics from previous meeting. Section 4 concludes the contribution with proposals and observations summarized.

Table 1. SA2 proposed UEPCOP solutions

	1a
	Extended DRX in idle mode

	1b
	Extended DRX in idle mode using UE assistance information

	2a
	Long DRX cycles in connected mode

	3a
	Transmission delay until better coverage conditions

	4a
	New Dormant state


2      Discussion
In this section we provide quantitative analysis of the different SA2 proposed UE Power Consumption solutions including quantitative analysis of extending DRX cycle in idle and connected mode. 

2.1     Extended DRX in idle mode

2.1.1 Simulation
We provide simulation results to analyse the need for extending the DRX cycle in idle mode in this section. 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 (UE specific DRX cycle [8] and defaultpagingcycle defined in SIB2 as part of RadioResourceConfigCommon IE [6])
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 (e.g.. 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 below). We first analysed the UE power consumption for periodic type of small data traffic with data activity occurring at intervals (refered as IAT in the graphs) of 5min, 30min, 24hr (figure 1). Based on our simulations, we found that the primary factors affecting the power consumption in idle mode include the paging DRX cycle, the RRC inactivity timer, 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 with frequent paging 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 IATs
In figure 1, we observe that 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). For IAT values comparable to RRC inactivity/release timer values, the power consumption decreases substantially for shorter RRC inactivity/release timer (this effect would reduce if connected DRX is enabled). For example, in figure 1 for the case of IAT 5 min. the change of RRC Inactivity timer from 15s to 1s translates to a reduction in power consumption by up to 50%.
Exponential traffic with different mean inter-arrival times ([9]) and two background traces are also simulated to analyse the UE power consumption (figures 2 and 3 respectively). Similar benefit on increasing the paging DRX Cycle is observed.
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Figure 2. Impact of Paging DRX Cycle on UE Power Consumption for exponential traffic

In figure 2 we also observe that increasing the DRX Cycle, the power consumption reduces. For shorter IAT value (e.g. exponential mean 30s), we can observe that the power consumption reduces more drastically as the paging DRX Cycle increases since the UE spends more time in idle and this delays its data transmission.

The background traffic 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. A similar benefit of increasing the paging DRX Cycle can be observed in figure 3.              
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Figure 3:  Impact of Paging Cycle on UE Power Consumption and delay for Background traffic
For background traffic trace, figure 3 shows the reduction in power consumption due to the increase of DRX Cycle as well as the effect of changing the RRC inactivity timer from 15s to 1s which decreases the power consumption up to 75%.
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).

Observation 1: Increasing the paging DRX cycle aids in reduction of the power consumption (e.g. up to 50%); however, after a certain DRX cycle length there is not a substantial difference in the power consumed. 

Observation 2: 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 3: The impact in delay is observed (for background traffic as an example) to increase linearly as a function of the paging cycle length as expected (and on average, about half the paging cycle length) and does not show much impact of RRC inactivity timer.

Proposal 1: It is proposed to discuss on extending paging DRX cycle in idle mode beyond 2.56s to aid in UE power savings.
Proposed 2: It is proposed to have further evaluation to analyse the trade-off between complexity and actual benefit of extending DRX Paging Cycle beyond 10.24seconds.
Proposal 3: It is proposed to discuss additional optimizations that could work in conjunction with the proposed solution of extending paging DRX Cycle and aid in reducing UE power consumption, for example w.r.t RRC Inactivity Timer, cell reselection and measurements procedures.

2.2     Long DRX cycles in connected mode
2.2.1 Simulation

In this section, we provide simulation results to analyse the need for extending the DRX cycle in connected mode and consider further enhancements on those activities that keep UE consuming power while being in DRX. 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 (10 sec. and 5 min.) and it can be noted that different traffic models correspond to different maximum DRX cycle value at which the power consumption saturates. The duration of the small data transmission period is changed between 5ms and 50ms which shows an impact on the overall power consumption for shorter IATs (10sec). However, the decreasing trend on power consumption due to the increase of the DRX Cycle can be observed (a decrease up around 40% when DRX cycle increases from 2.56 seconds to 5 minutes). 

As per specification [6], On Duration Timer can take values from 1ms up to 200ms and its value would be determined by network vendors. In figure 4, on duraiton is also vaired (5ms and 100ms) to understand their impact. By increasing the On duration to 100ms the UE power consumption for shorter DRX Cycles increase considerable due to the increase on time than the UE has to be active (eventhough there is no data).
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Figure 4. Impact of DRX Cycle on UE Power Consumption for different small data traffic duration with different periodic IATs and DRX On Durations

Observation 4: For shorter DRX Cycle, the effect on power consumption due to different active times increases (active time varies depending on factors like data activity duration, DRX Inactivity Timer, On Duration, measurement periodicity).
Proposal 4: It is proposed to consider extension of DRX cycle in connected mode beyond 2.56s for UE power savings 
3      Summary of solutions
This section provides the comparison of the different solutions as per the evaluation criteria proposed in [10].
Table 2: Evaluation criteria for comparison of solutions in UEPCOP [3]

	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
	Applicable to delay tolerant, infrequent traffic
	Applicable to delay tolerant, infrequent traffic
	Applicable to delay tolerant frequent traffic 
	Applicable to delay tolerant traffic
	Applicable to delay tolerant, infrequent traffic

	Impacts to radio protocols
	May be impacted due to possible change to SFN (if extension is beyond 10.24s) and backward compatibility needs to be considered along with applicability
	May be impacted due to possible change to SFN (if extension is beyond 10.24s) and backward compatibility needs to be considered along with applicability 
	May impact due to possible change to SFN (if extension is beyond 10.24s) and backward compatibility needs to be considered along with applicability 
	None identified
	Further analysis necessary whether it is acceptable for UEs to be unreachable for a certain period of time. If so, new radio state may need to be defined with impact to the RRC state machine

	Impact on Mobility
	Mobility is supported however, it depends on measurement configurations, and support of extended DRX across the TA/MME pool. More suitable for stationary UEs. 
	Mobility is supported however, it depends on measurement configurations, and support of extended DRX across the TA/MME pool. More suitable for stationary UEs.
	Mobility is supported; there is impact on fast moving UEs based on measurement configurations and due to additional handover signaling; hence suitable for low mobility or stationary devices. 
	Mobility supported 
	It is for further evaluation, however, it is deemed that mobility will not be supported in this new state.

	Impact to S1/Iu Signalling
	Adding support of extended paging DRX; MME may need to send UE specific extended DRX to eNB;  
	Adding support of extended paging DRX; MME may need to send UE specific extended DRX to eNB;  
	May impact if dynamic adjustment of DRX cycle is necessary.
	None
	FFS

	Impact to network implementation
	Updated paging occasion calculation especially if DRX cycle longer than SFN.


	Updated paging occasion calculation especially if DRX cycle longer than SFN.


	Storing of UE context information and UE DL data in buffer for a longer period of time. 
Need to adjust inactivity timer accordingly
	No impact in lower layers.
	Corresponding support of potential changes in radio protocols

	Impact to UE implementation
	Support of extended DRX cycle and change in paging occasion calculations

Updates to measurement methodology

If considered for stationary UEs, provision for configuring such mobility state information
	Support of extended DRX cycle and change in paging occasion calculations

Updates to measurement methodology

If considered for stationary UEs, provision for configuring such mobility state information
	Impacted if DRX cycle extended beyond 10.24s
	UL data buffering

Received signal quality comparison before every packet transmission

New transmission delay timer
	Significant change to support the new ECM/RRC state

	Impact on UE Power Consumption
	Improvement observed (50% when DRX cycle increased from 2.56s to 300s) assuming no overhead (due to re-synchronization or wake-up time accuracy, paging loss) for waking up to listen to paging
	Improvement may be observed assuming no overhead (due to re-synchronization or wake-up time accuracy, paging loss) for waking up to listen to paging
	Improvement observed assuming low mobility/stationary UE (up to 40% when cycle increases from 2.56s to 300s, with half such savings coming from DRX cycle of 20s)
	Potential UE power savings
	FFS

	Impact on UE performance
	Increase in delay for new DL UP data transmission
	Increase in delay for new DL UP data transmission
	Increase in delay for new DL UP data transmission
	Potential issues for UEs in cell edge or with high speed

Potential UP delay
	FFS


The following table 3 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 if agreed for further evaluation..
Table 3. RAN related FFS list 

	Related Solution
	FFS
	Answer from RAN2/Way forward

	Extended DRX in 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
	Extending DRX in idle shows significant benefit in power consumption. RAN will evaluate further to analyse the impact of extending the cycle to radio protocols specification and provide a suitable recommendation (trade-off .between complexity and UE power saving benefit)

	Extended DRX in idle mode using UE assistance information
	Evaluate whether long DRX cycle in idle mode initiated by UE assistance information can be allowed or not. Additional information (besides PPI) in UE assistance information is needed or not. 
	Network would need other factors to take further decision regarding extending DRX (e.g. UE’s DL data need to be identified as a delay tolerant) in addition to UE assistance to make a decision.

	Extended DRX in connected mode
	How to achieve overload control when applying long DRX cycles in connected mode (e.g. RAN barring mechanisms are only applied in idle mode)
	If extended DRX in connected mode is agreed, RAN will have to evaluate if further overload control methods need to be defined.

	Long DRX cycles in connected and idle mode
	Gains of connected mode DRX values of a few ten of seconds, in comparison to long idle mode DRX.
	If extension is agreed to be a viable option, further analysis will be done to understand the need and impact of increasing DRX in connected and idle in the same or different way.


4      Conclusions
Observation 1: Increasing the paging DRX cycle aids in reduction of the power consumption (e.g. up to 50%); however, after a certain DRX cycle length there is not a substantial difference in the power consumed. 

Observation 2: 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 3: The impact in delay is observed (for background traffic as an example) to increase linearly as a function of the paging cycle length as expected (and on average, about half the paging cycle length) and does not show much impact of RRC inactivity timer.

Observation 4: For shorter DRX Cycle, the effect on power consumption due to different active times increases (active time varies depending on factors like data activity duration, DRX Inactivity Timer, On Duration, measurement periodicity).

Proposal 1: It is proposed to discuss on extending paging DRX cycle in idle mode beyond 2.56s to aid in UE power savings.
Proposed 2: It is proposed to have further evaluation to analyse the trade-off between complexity and actual benefit of extending DRX Paging Cycle beyond 10.24seconds.
Proposal 3: It is proposed to discuss additional optimizations that could work in conjunction with the proposed solution of extending paging DRX Cycle and aid in reducing UE power consumption, for example w.r.t RRC Inactivity Timer, cell reselection and measurements procedures.
Proposal 4: It is proposed to consider extension of DRX cycle in connected mode beyond 2.56s for UE power savings.
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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
	5, 100 ms

	DRX Inactivity Timer
	100 ms

	Measurement Time per DRX Cycle
	40ms

	Small Data Traffic Activity for periodic IAT
	5, 50 ms

	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


Annex 2: Further impacts of extending DRX cycle

As extended DRX cycle in idle (and connected) mode is considered as a possibility for UE power savings, the following aspects are to be investigated further and relevant working groups should be involved if this solution is deemed as way forward.

· Mechanism to study and extend the periodicity of the neighbor cells detection, measurement and evaluation during Idle mode for the delay tolerant MTC and non-MTC devices with extended paging cycle to avoid UE’s frequent wake up activity during Idle sleep <May affect RAN4 WG and corresponding specification>
· Mechanism to possibly extend the periodicity of measurements and evaluation of serving cell during Idle mode for the delay tolerant (and stationary) MTC and non-MTC devices with extended paging cycle <May affect RAN4 WG and corresponding specification>
· Method to possibly extend the periodic Tracking Area Update (TAU) timer (of current maximum 186 min) to align it with extended paging cycle in order to ensure delay tolerant MTC and non-MTC devices may not wake up for TAU in a period less than extended paging cycle. Other alternatives may also be studied and considered <May affect NAS protocol specification and RAN4>. 
· Mechanism to deal with the system information (SI) validity period for delay tolerant MTC and non-MTC devices with extended paging cycle if the cycle is extended and used beyond the validity timer of 3 hours <May affect RAN4 WG and corresponding specification> 
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