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1
Introduction
In the RAN #59 meeting, a new SI for machine-type and other mobile data application communication has been approved. One of the objectives of the SI is to investigate the RAN mechanisms for the low-power, small-data UEs, with their data-transfer interval ranging from several seconds to many hours [1].

In [2], several solutions for UE battery saving are described. Some of these solutions can be combined so as to multiply each effect. Among them, extended-DRX based solutions should be of primary importance because they can significantly lower the average power consumption of the UEs in idle mode, which is much needed for MTC UEs.
It is requested that the following requirements be considered to implement the extended DRX cycles for MTC [3]:

-
The system shall provide mechanisms to lower power consumption of MTC Devices. 
-
The system shall provide a resource efficient way to support MTC Devices that send or receive data infrequently, i.e. with long periods between data transmissions.
-
MTC Devices may or may not be kept attached to the network when not communicating, depending on operator policies and MTC Application requirements.

-
MTC Devices may keep their data connection or not keep their data connection when not communicating, depending on operator policies and MTC Application requirements.

In this contribution, the average power consumptions of an idle-mode UE is considered, with the paging DRX cycle extended beyond the current specification.
2
Discussion
In the EDDA WI, power consumptions of connected-mode UEs have been extensively studied [4].  It is then observed that longer DRX cycles give lower power consumption in the RRC connected mode. Similarly, in the idle mode, it is considered that a longer DRX cycle can provide lower average power dissipation for the UE, with a certain response delay proportionate to the DRX cycle. However, if the DRX cycle configured is too long for the UE to track the system frame timing due to the residual offset of the local clock, the UE can consume some extra power for the synchronization. In particular, when the power of the transceiver is cut off in an attempt to further save the battery, the UE can require even more battery power because it has to re-attach from scratch.

Proposal1: Discuss the characteristics of average power vs. DRX cycle in idle mode
Fig. 1 sketches the conceptual relationship between the average power consumption of a UE and its DRX cycle in the idle mode. Here, we assume that the received signal level is sufficiently high and the loss of synchronization is caused only by the inaccuracy of the local clock, for simplicity.
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Figure 1 Expected idle-mode UE average power vs. DRX period.
In the legacy E-UTRAN, the maximum configurable DRX cycle is 2.56 seconds. Thus, when the DRX cycle configured is less than or equal to 2.56 seconds (zone A), there should be no problem for both the legacy and the non-legacy (extended-DRX) UEs, with the existing DRX mechanism.

Since the current paging frame is specified by: SFN mod T = (T/N)*(UE_ID mod N), where T is DRX cycle length in radio frames, the maximum DRX cycle can be extended up to 10.24 s by allowing the UE, if possible, to have a T larger than 256.

Proposal 2: Discuss the feasibility of T=512 and 1024

However, when the DRX cycle is to be extended beyond 10.24 seconds, the current DRX scheme cannot be readily applicable because of the limitation of the SFN length. To make the DRX cycle longer than 10.24 seconds, it is necessary that i) SFN be extended or ii) some auxiliary parameters be introduced. Considering the backward compatibility with the legacy UEs, the former scheme is not desirable. Although the latter scheme has some CN impacts, it may present some additional flexibility for the extended paging mechanism.

In GERAN, extension of paging DRX cycle is possible by manipulating the value of BS_PA_MFRMS, which works like a multiplier factor [5]. This DRX extending parameter is shared by both the MS and BSS and can be changed through the NAS message. 

Although the maximum number of the GERAN frame number is much larger (2715647 - the corresponding cycle period is about 3.5 hours) than that of LTE and the paging mechanism is somewhat different, similar extension schemes can be implemented by introducing some auxiliary parameters for LTE. This extension scheme could possibly be suitable for the UEs with their DRX value configured within zone B and C in Fig. 1. In the figure, t1 is the DRX cycle at which the UE starts to need more power to acquire the frame synchronization. When the auxiliary parameters are used for both zone B and C to extend the DRX, the extension of T described in proposal 2 may be no longer needed.

Proposal 3: Discuss the feasibility of auxiliary parameters for DRX extension

When the configured DRX cycle is larger than t1, it is practically very difficult to accurately predict the behavior of the average power consumption because it is very implementation-dependent; e.g. the local clock error strongly depends on the part-to-part variations, ambient temperature, etc, giving different acquisition performance for each UE. It is considered, however, that in general the power consumption of the UE with the DRX of zone D could decrease although there should be some fluctuations that could be different depending on the UE implementation.  Use of the auxiliary parameters may also be helpful for the UEs in zone D to effectively specify the extended paging frames.
 To further reduce the average power consumption, it is reasonable that the network chooses to use a power on/off scheme when the DRX cycle configured is on the order of minutes or hours. When this scheme is activated with an extremely long DRX of t2, the average power consumption can increase at t2 by the amount of energy needed for the UE to initiate the connection from scratch. However, once the on/off scheme applied (zone E), the average power curve should rapidly decrease until it reaches the floor, where the stand-by power is the dominant factor in the average power consumption (zone F).

3. 
Conclusions
In this contribution, we considered the average power consumption of a UE when the DRX cycle is assumed to be varied from several seconds to many hours.  To provide a baseline for further discussions, we think it necessary to study the average power consumptions of the idle mode UEs.  

Finally, we propose the following issues to be discussed: 

Proposal:

1. RAN2 to discuss the characteristics of average power vs. DRX cycle in idle mode
2. RAN2 to discuss the feasibility of T = 512, 1024

3. RAN2 to discuss the feasibility of auxiliary parameters for DRX extension
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