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1 Introduction
The study item “Study on RAN aspects of Machine-Type and other mobile data applications communications enhancements” has been approved for Rel-12 [1]. The purpose of the study item is to identify and evaluate radio access network mechanisms to handle “small data” traffic generated by both machine-type and non-machine-type devices and applications. SA2 is working on a feature level WI “Machine-Type and other mobile data applications Communications Enhancements” [2] and some potential radio access network impact, especially from building block WIs “Small Data and Device Triggering Enhancements (SDDTE)” [3] and “UE Power Consumptions Optimizations (UEPCOP)” [4], has been identified due to some of the solutions proposed in [2]. Hence, the RAN2 study item is also expected to investigate and evaluate SA2 solutions, which have an impact on the radio access network, to address the objectives outlined in the SDDTE and UEPCOP building block WIs.

In this contribution we focus on the SA2 solutions within the context of “UE Power Consumptions Optimizations (UEPCOP)” building block WI in which enhancements are investigated to optimize UE power consumption. The contribution discusses the possible impacts that the proposed UEPCOP solutions may have on the radio access network. We analyze the potential power consumption gains if DRX cycle lengths are extended. The discussion is based on LTE. Although most of the raised issues would also apply to HSPA, any HSPA specific issues are explicitly addressed where necessary.
2 Discussion
We evaluate the following MTCe UEPCOP solutions captured in TR 37.869 [5]:
1a. Extended DRX in idle mode

1b. Extended DRX using UE assistance information

2.
Extended DRX cycles in connected mode

3. 
Transmission delay until better coverage conditions
We first discuss the SFN issue which is common for all solutions proposing extended DRX cycle lengths beyond the currently available SFN range. The impacts of idle and connected mode solutions are then discussed followed by the “transmission delay until better coverage conditions” solution. To conclude we present a brief analysis of potential energy consumption gains that could be achieved by extending the extended DRX cycles in connected mode.
2.1 SFN limitation

The largest possible value that a DRX cycle length can be configured to is 2.56 s and 5.12 s for LTE and HSPA, respectively. The SFN range currently covers 1024 radio frames, i.e., 10.24 s in LTE or 4096 radio frames, i.e., 40.96 s in HSPA, and the DRX cycle length could, in principle, be configured up to such values with no impact on the SFN mechanism. Extending the DRX cycle lengths beyond these limits would result in SFN wrap around while the UE is sleeping. If any impact on the SFN mechanism needs to be avoided, only values up to the SFN range can be considered when configuring the DRX cycle. In Section 2.5 we show the UE power consumption gains that can be achieved when extended DRX cycles are configured with different values and observe whether it would be beneficial to extend the DRX cycles longer than the current SFN range from power consumption point of view.
2.2 Impacts for Extended DRX in Idle mode

Extended DRX cycle length has been suggested for UEs in idle mode to further decrease UE power consumption. LTE specific nodes impacted are the UE, eNB and MME. The CN nodes and eNB should be aware of extended DRX and support the configuration of extended DRX cycles in idle mode. In LTE the paging cycle is selected to be the shortest of the UE specific and system default cycle lengths. This functionality needs to be changed or extended to allow UE specific long paging cycles. UE idle mode procedures need to be updated if impacted due to extended cycles. The calculation of paging frame may need to be updated. With extended DRX, hardware requirements due to buffering paging messages and downlink data packages may be tighter. Further, the consequence of missing a paging occasion is more severe simply due to the long wait until the next possible attempt. Therefore, RAN may need to study how robustness can be achieved with extended paging cycles even when a paging opportunity is missed. Extended DRX in idle mode has potential for significant power consumption savings at the cost of reduced responsiveness of the UE.
Advantages of the solution:

· Device can go to sleep mode for longer periods leading to lower power consumption

· May not require substantial changes to specifications

Disadvantages of the solution:

· Reduced responsiveness of the device 

· More severe consequences of missed paging
In UTRA the need to have MTC devices in idle mode is smaller than in LTE due to the existing dormant states in connected mode, i.e. URA_PCH and CELL_PCH, and CELL_FACH with 2nd DRX cycle. However, under specific circumstances and if the traffic is very infrequent it may still be beneficial to have UEs in idle mode during periods of inactivity. In such cases extending the DRX cycle length up to, and possibly also beyond, the current SFN limitation may be a necessary measure to maintain low power consumption.

As for solution 1b, it is one particular way to implement solution 1a and does not have any additional impact.

2.3 Impacts for Extended DRX in connected mode

For relatively frequent traffic it may be more beneficial to keep the UE in connected mode since the overhead in doing so can be smaller than the cost of starting from the idle mode. Extended DRX cycle length can be a means to allow UEs to stay in connected mode.
In LTE the affected nodes would be the UE and eNB. The eNB should be aware of extended DRX and support the configuration of the extended DRX cycles. The eNB may need to buffer more DL data and UE context for a larger set of UEs. Radio protocol impacts include need for support in RRC, where support for setting longer DRX cycles and possibly updating the legacy DRX mechanism to introduce the extended DRX cycles. DRX functionality in connected mode is specified in the MAC protocol specification and if extended DRX cycles are allowed, MAC procedures should not be impacted. In CN the NAS protocols and timers may need modifications to support UEs configured with extended DRX cycles and traffic models.

Mobility in LTE connected mode is controlled by E-UTRAN and based on measurement reports sent by the UE. With extended DRX cycles the UE may not detect signal quality changes in time which may lead to more unsuccessful handovers or radio link failures.

Advantages of the solution:

· Device can go to sleep mode for longer periods leading to lower energy consumption

· Idle to connected mode transitions may be reduced
· Fewer service request NAS procedures for mobile originated data

Disadvantages of the solution:

· Reduced responsiveness of the device 

· Increased number of radio link failures for mobile devices

· eNB dimensioning for UE contexts and buffering of downlink traffic

For UTRA there are different connected states. In the dormant states URA_PCH and CELL_PCH it is in practice possible have UE specific DRX cycles. In the CELL_FACH state, on the other hand, a broadcasted common DRX cycle length is used for all UEs with no possibility for customization for MTC UEs. Since CELL_FACH is designed for small amounts of data and little overhead it is already very suitable for MTC type traffic and the need for extended DRX in CELL_DCH may be very limited.
2.4 Impacts for Transmission delay until better coverage conditions

By delaying the connection setup and transmission of uplink traffic while waiting for better radio conditions in idle mode it may be possible to save power in certain scenarios. It is, however, possible that the radio conditions do not improve over time, or even become worse. This in addition to possibly performing extra measurements to determine the radio condition may make the proposed solution unreliable in providing power savings consistently. Further, although not mentioned in the solution, we assume that the delay would only be applied to user plane data since the consequences of delaying a control plane response to paging, for example, would be severe. We do not see that this solution would require specification changes and could be implemented solely in the UE.

Advantages of the solution:

· No significant changes to specifications are needed

· Possible power consumption savings for UEs in certain scenarios
Disadvantages of the solution:
· Does not lower power consumption reliably and possible gains would be marginal at best.
· Can only be applied to user plane data.

Observation 1. Delaying transmission while waiting for better coverage may not reduce the power consumption of MTC devices reliably.
2.5 Analysis of power consumption gains

We evaluate the potential energy consumption gains using a similar model given in [6] and [7]. We have modified the cited analysis to take into account also short DRX cycles and reception of downlink ACKs or comparable events after the MTC device initiated uplink data packet transmission. The analysis is made with LTE focus but similar results could be achieved for the HSPA system by taking additional system specific issues and parameters into account. The used traffic model, resembling the one proposed in TR 37.869 [5], is the following:

· The MTC device sends 1 kB data packet and waits for 1 kB downlink packet for 800 ms after uplink transmission. The inter-arrival time for uplink data is 768 s. The throughput of transmission is 160kbit/s, corresponding to 50 ms of actual transmit or receive time per packet. 

During the 800 ms of waiting for a downlink packet the UE uses short DRX with DRX cycle length of 40 ms and on duration timer of 2 ms. We do not model explicit idle to connected mode transitions, thus the model corresponds to solution 2. 

In short, the device can be in three different states: Active state (
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), where the receiver circuitry is turned on (DL traffic, listening to control channels or synchronizing), transmission state (
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), where the device is sending uplink transmission, and sleeping state, where all possible functions have been turned off. Some parts of the hardware, such as low power clock, are turned on all the time (
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). High power, high accuracy clock (
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) is on when the device actively doing something and is not in the sleeping state. 

It should be noted that our model is a simplified version of reality and we do not take into account, for example, probability of HARQ or ARQ retransmissions or all of the details of the DRX mechanism. Further, we assume a futuristic scenario where the device and traffic use suitable application protocols for MTC (such as CoAP over UDP) and the device is optimized for this type of communication. This means that the scenario is not directly comparable to how the current systems and smartphones would operate, but rather shows the technology potential if extended DRX cycles are allowed in the future. The model assumes a sync time of 10 ms before transmission or reception, which is constant over the range of cycles from 2.56 s to 120 s. Also, the model does not take into account that with extended DRX more of the system information broadcast may have to be read at some point.
Results for using different DRX cycle lengths are plotted in Figure 1. Gains for DRX cycle lengths of up to two minutes are shown in the figure and the maximal DRX cycle currently available, 2.56 s, and the maximum DRX cycle allowed by the current SFN period, 10.24 s, are shown as vertical lines. The used parameters are listed in Table 1. The results are shown on a relative scale compared to total energy consumption and battery lifetime using a DRX cycle of 2.56 s. 

For reference, using 2.56 s cycles our model gives a lifetime of 57 days for the MTC device. With DRX cycles of 5.12, 10.24, 20.48, 40.96 and 122.88 s the respective lifetimes would be 106, 190, 315, 468 and 691 days. Shortening the inter-arrival time to 324 s would result in roughly 33% lower relative and absolute values. If the time spent on uplink transmission and the following reception period are increased, the gains will be lower. On the other hand, if the synchronization time and/or the reception time per one DRX cycle is increased, the resulting gains will be larger. Further, in reality, the synchronization time with shorter cycles would be smaller than with the longer cycles, resulting in some decrease of the total gains. Regardless of the exact gain factor, using different parameter sets yield results of similar magnitude.
Earlier RAN2 contributions have also evaluated the potential power consumption gains with extended DRX cycles, such as [8] and [9]. They use different traffic scenarios and models, but their observation is the same as ours: extending DRX cycles could significantly improve energy consumption in both idle and connected modes. 
Table 1. Parameters used in the model.
	Power parameter
	Value
	Time parameter 
	Value
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	500 mW
	Duration of uplink transmission or downlink reception (ACK)
	50 ms
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	150 mW
	Duration of reception per DRX cycle (i.e., without prior UL transmission)
	10 ms 
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	0.03 mW
	Synchronization time
	10 ms
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	10 mW
	Waiting time for reception (ACK) after uplink transmission
	800 ms

	Battery capacity
	6500 J
	Short DRX cycle / Short cycle on duration
	40 ms / 2 ms

	
	
	Inter-arrival time
	768 s
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Figure 1. Potential energy consumption saving and battery lifetime improvement with extended DRX cycles of up to 120s. Current maximal DRX cycle length of 2.56s is the reference value and maximal DRX cycle length without SFN changes is 10.24s.
Observation 2. Limited gains are observed for DRX cycles extended beyond the SFN range for UTRA.

We propose the following:
Proposal 1. RAN2 should study if it is beneficial to extend the DRX cycles longer than the current SFN range for LTE. 
3 Conclusion
We have made the following observations in this contribution based on the discussion:

Observation 1. Delaying transmission while waiting for better coverage may not reduce the energy consumption of MTC devices reliably. 
Observation 2. Limited gains are observed for DRX cycles extended beyond the SFN range for UTRA.
We propose the following:
Proposal 1. RAN2 should study if it is beneficial to extend the DRX cycles longer than the current SFN range for LTE.
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