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Discussion
1 Introduction

Power Saving Mode (PSM) is a new feature in Release 12 for MTC UE Power Consumption Optimizations (UEPCOP) [1] which has been defined by SA2 and CT1 in the corresponding core network specifications [2-6]. This solution has very limited impact on the RAN, as transition into PSM is controlled and triggered by the NAS layer. In the last RAN2#85bis meeting, the details of the introduction of PSM in RAN specification were discussed and it was decided that when a UE is in PSM, AS layer could be considered similar to switch off and hence no major RAN specification changes are required in [7-8]. Since the PSM negotiation and configuration are exchanged using NAS, it was also briefly discussed whether the UTRAN/E-UTRAN could benefit from knowing whether PSM is configured in the UE, however, there was no consensus and further discussions were postponed. In this contribution, we discuss about the potential benefit of having UE’s PSM configuration indicated to the RAN/eNB.  
2 Discussion

Power saving mode feature targets reducing UE power consumption by restricting the time when the UE is reachable for mobile terminating services by allowing the UE to switch off any AS related functionality [9-10]. Nonetheless, this new feature can only be effective after the network releases the UE to idle mode. Therefore, in order to improve the UE power consumption, the eNB/RNC could enhance their internal decision-making mechanism for releasing a UE using knowledge of UE’s PSM configuration. 
In RAN2#85bis meeting, PSM indication to RAN for UMTS network was discussed [11] and suggestions to introduce the same concept for LTE were raised. 
In UTRAN, a UE could be kept in URA_PCH, CELL_PCH or CELL_FACH state of connected mode for a long time e.g. 30 minutes in URA_PCH state due to data inactivity before being moved to idle mode and subsequently into PSM. On the other hand, if PSM configuration information is shared with UTRAN, the RNC could make a better decision to release the UE’s RRC connection sooner and allow it to maximize the power saving benefit that PSM provides. 
In E-UTRAN, the UEs are not usually kept in RRC connected mode for such long periods of time by the eNB. Nevertheless, currently the value of RRC inactivity timer is optimized for smartphone type applications and is usually set to values of 20 seconds or more (60 seconds is not unusual value in some networks) to avoid frequent mode transitions. However for MTC type applications, the majority of which require sending a certain amount of data in specified intervals of time and which rarely require receiving data in downlink, it is inefficient to keep the UE in RRC Connected mode for such a long time. It has been already shown that there is significant power saving when the inactivity timer is adjusted dynamically based on UE’s characteristics e.g. PSM configuration, traffic inter-arrival time [12].The results already presented in [13] and [14] show that sending a single 10 byte-long packet with RRC inactivity timer set to 15 seconds consumes 9 times more power than in the case when this timer is set to 1 second and 4 times more compared to the case when it is set to 3 seconds. The table below recalls these results. Further details can be found in [13] or in the annex below. 
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Figure 1 RRC inactivity timer vs. power consumption during one test scenario

When PSM is applied for the UE, most of its power consumption will happen during data transmission occurrences, since the UE will be in unreachable sleep mode for the remainder of the time. The power consumption in this deep sleep mode will be extremely small as the UE will have its radio transceivers switched off. PSM is even said to be equivalent to power off from AS perspective by many companies. Moreover many applications require battery lifetime of several or even over a dozen of years, so the gains presented above cannot be neglected.
It should also be noted that the goal of operators to support PSM configuration indication for E-UTRA is to promote adoption of E-UTRA for MTC applications as this is the most future-proof technology. It is not planned to migrate MTC applications from GSM to UTRA, so it is even more important to adopt this mechanism for E-UTRA than for UTRA.
Thus, based on the above considerations, we believe it is essential for the eNB to be aware of the PSM configuration of the UE in order to optimize the RRC connection release for individual UEs. 
Proposal 1: RAN2 to support providing UE’s PSM configuration indication from CN to E-UTRAN.
Proposal 2: RAN2 to send LS to SA2 informing above decision and asking to provide UE’s PSM configuration indication to RAN.
This indication could be provided as part of the Initial Context Setup message exchange between MME and eNB that happens during initial attach or service request procedure or utilizing the recently agreed Core Network Assistance information message. 

3 Conclusions and proposals
In this contribution, we have discussed the potential benefit of having UE’s PSM configuration indicated to the RAN/eNB to aid in radio resource/connection management.  
Proposal 1: RAN2 to support providing UE’s PSM configuration indication from CN to E-UTRAN.
Proposal 2: RAN2 to send LS to SA2 informing above decision and asking to provide UE’s PSM configuration indication to RAN.
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Annex – test setup and description
The tests were performed using LTE hardware in laboratory conditions with dedicated battery consumption measurement hardware and software. The testbed configuration is presented in Figure 2. A device under test was an M2M device embedded with miniPCI modem with LTE cat. 3 chipset. 
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Figure 2 Power measurement setup
The test scenario comprised of: RRC connection establishment, FTP data transmission of 10 byte-long file, idle time defined by the tested parameter (i.e. the time during which the UE is kept in RRC Connected) and RRC connection release. Following values of RRC inactivity timer were chosen for tests: 1, 3, 5, 7, 10, 15 seconds. Total power consumption of the procedure was measured and Table 1 presents the average value of several measurements together with standard deviation. The average values comparison is also shown in Figure 1.
Table 1. UE inactivity vs. power consumption standard deviation

	UE inactivity timer [s]
	power consumption during scenario [Ws]
	Standard deviation

	1
	4,05
	0,037

	3
	8,54
	0,257

	5
	13,51
	0,167

	7
	17,88
	0,268

	10
	24,80
	1,022

	15
	36,21
	0,279


