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1. Introduction

This paper intends to provide an update on the current status of the work for UE Power Consumption Optimizations in SA and RAN groups. In preparation for when stage 3 work can start it is beneficial for CT WGs to be aware of the various solutions under discussion and what impact these solutions may have, even if a certain amount of work remains until normative stage 2 will be available.
2. Discussion

The service requirement upon which the solutions added to 3GPP TR 23.887 are based on can be found in 3GPP TS 22.368:
The system shall provide mechanisms to lower power consumption of MTC Devices.
In 3GPP TR 23.887 this high level service requirement is further detailed:

UE Power Optimizations which includes the following aspects:

-
Optimizations to prevent battery drain (that may come from e.g. frequent changes between Idle and Connected mode or too long periods in connected mode); and

-
Lower UE Power Consumption as per the service requirements defined clause in clause 7.1.1 of TS 22.368.

In the architecture goals for UE Power Consumption Optimizations in 23.887 additional details are given on delay for MT services (bullet 2):

1.
Power consumption optimizations for cases when the UE stay in connected mode for long periods.

2.
Solutions for battery consumption efficiency shall not affect the ability to receive mobile terminating communications within an acceptable delay.

Also worth noting is that a scenario that could be enhanced to provide services with a more optimized UE power consumption can be found in 23.887 that slightly widens the use case from that which was addressed in Rel-10 and Rel-11 for MTC:

For smart phones the frequent communication with the network currently causes battery drain
It is further concluded in 23.887 that possible solutions may impact RAN and GERAN to a varying degree, ranging from no RAN/GERAN impact to RAN/GERAN impact only. Therefore also RAN and GERAN involvement is needed for several solutions and the final decision on which solutions to include in normative specification needs input from SA, GERAN and RAN groups. This is evident when following the LS exchange between SA2, GERAN2 and RAN2 [3], [4].
In the LS in S2-130645 [3] a timing estimation of the remaining work for MTCe WIs can be found and from this it can be understood that the work will focus on TR enhancements for some time yet, possibly adding new solutions into 23.887. Selection of the solutions to progress is not likely to happen until third quarter of 2013, and only after that can work on normative stage 2 specification start.
3. Proposed solutions
A number of solution alternatives have been added to 23.887 and the current proposals are listed below, along with a brief description.
3.1 Alternative 1a – Extended DRX in idle mode
It is proposed to extend the DRX cycle in idle mode and thus allowing the UE to listen for paging less frequently. This solution has UE, CN and RAN impact, and needs to be supported in UE, CN (MME, SGSN, MSC) and RAN to function. Signalling of support for the solution may be needed between involved entities.
3.3 Alternative 1b – Extending DRX using UE Assistance Information
The RRC procedure UE Assistance Information is proposed to be used in this solution to inform the RAN of the UE’s power saving preference. This can then be used by RAN to select a longer DRX cycle. This solution is similar to 1a with the difference that NAS extension may be avoided.

3.2 Alternative 1c – Long DRX cycles in connected mode
This solution proposes longer DRX cycles in connected mode to allow the UE to switch off its radio transmitter and receiver for longer periods of time, and thus reduce its power consumption. Depending on the maximum DRX cycle length chosen the impacts on the system will differ. The extension of the DRX cycle length alone is a RAN/UE issue and the order of minutes is theoretically possible. Should a relatively short maximum time be chosen there may be no, or limited CN impact. If a longer maximum time than a few tens of seconds is chosen, it will likely impact repetition and error handling of application and transport protocols and thus there may need to be a limitation to which UEs should use such long DRX cycles..
3.4 Alternative 2 – Power Saving State for Devices
It is proposed to add a new UE state that the UE may enter after idle mode, in which the UE is not reachable for paging and the UE stops performing any cell/RAT/PLMN selection and MM procedures. The support for this mode and timing to move between the states are to be exchanged between the UE and the network.
3.5 Alternative 3a – Attach/detach using existing procedures
In this solution it is proposed that the UE is in control and detaches for periods when no network connectivity is needed. The selection of the period is controlled on application level between UE and SCS. After each reattach, the UE stays attached for a certain time to be reachable from the network, before detaching again. Currently available procedures are to be used.
3.6 Alternative 3b – Network Assisted Power Saving
In this solution the mechanism principle is similar to 3a, but it introduces new timers and lets the network control the UE reachable/unreachable periods via NAS signalling. Also S6a/S6d are impacted to support communication of timing schemes and T5/Tsp to support information of future UE reachability.
3.7 Alternative 3c – Keeping UEs in detached state when not communicating
The principles of this solution is similar to 3a and 3b, but it also adds the possibility of implicit detach in both network and UE after an agreed time. Either explicit detach (by UE or network after the reachable period) can be supported or implicit detach based on timing parameters in both the UE and network. The timing scheme for the implicit detach is seen to be configurable in the network and in the UE via e.g. OMA-DM.
3.8 Alternative 4 – Transmission delay until better coverage conditions
This solution proposes to introduce thresholds for UE initiated communication based on radio coverage levels and lets the UE delay transmissions until better radio conditions are available (and thus transmission at lower power levels). A new timer to indicate the allowed maximum delay is introduced. The timer value can be either based on local configuration or configured via OMA-DM. 
3. Summary
As can be seen in the brief description of the currently available solutions for UE Power Consumption Optimization in TR 23.887, most include impact to some degree for CT WGs. It is believed that the major impact is for CT1, but also CT4 and CT6 are likely impacted. Possibly CT3 will not be impacted, but it cannot be ruled out for certain at this point (alternative 3b).

It is also clear that further work is needed in SA2, RAN2 and GERAN2 before decisions can be taken on the individual solutions to include in normative specification. It is recommended that CT WGs stay in the loop as stage 2 work progresses to shorten start-up phase of stage 3 work once normative stage 2 is available.
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