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1.  Introduction 
Release 10 will bring a number of advanced features and technologies into LTE that will have direct impact on the UE. These include MIMO with multiple transmit antennas at the UE and Carrier Aggregation, In addition, new bands are under consideration and likely to come into operation before or in the lifetime of release 10. Release 10 UEs will therefore face many more demands on power and processing resources and would benefit from being able to work with the eNB to best manage said resources in accordance with future user requirements.

This paper proposes a mechanism that enables the UE to register more than one capability set or operating profile with the eNB and to be able to select between them according to its current needs to balance performance and energy consumption.
This submission is a revision of R2-103168.
2. Background

Previous submissions [1], [2], have introduced the concept of the UE informing the network of its power status. In [1], the UE is able to present a static indication of a power-limited status in UE capabilities that may influence the eNB’s settings for DRX and other parameters. A limitation of this indicator is that it does not easily cater for UEs that spend some portion of their time running from an external power source (which, itself, may or may not be power limited) and some time running from their own internal battery.

In [2], a dynamic version was proposed that allowed a UE to indicate to the eNB that its battery charge had dropped below a threshold and, therefore, more economic operation would be preferable. During the discussion, some parties were concerned that it was not possible to assign a meaning to a threshold level that would be clear and consistent across implementations. Moreover, it was not clear what action, if any, would be expected of the eNB.

3. Discussion

Most discussion so far has considered changes to the DRX cycle or to measurement reporting but, given the advanced features being considered for LTE-A, changes in active mode might also be beneficial. Advanced features like uplink MIMO and CA require greater absolute power but, potentially, greater energy per bit. PA and antenna efficiency may differ across different bands, meaning that some bands may be inherently more efficient for a given implementation and, if available, would be favoured over others.

However, the correct response of the eNB in active mode is particularly difficult to define because a simple threshold indicator would not necessarily take into account the wishes and knowledge of the user. Two example scenarios illustrate this: 

1.
a user is on his way home when his UE indicates low battery. Since he knows he will soon be able to put his UE on charge, he prefers to optimise for performance rather than economy, despite the low battery status.

2.
a user setting out for a few days without access to charging faciltities may prefer to optimise operation for economy from the outset, despite having a fully-charged battery.

Economy mode

From this, we might conclude that, rather than a ‘low battery’ indicator, what we should send is an ‘economy mode’ indicator. Such an indicator could be triggered by a low battery status or, as we have seen, it could be triggered by other events or perhaps not triggered at all. By letting the decision of whether or not to send an ‘economy mode’ indicator remain with the UE, the problem of how to define a low battery threshold is avoided.

Proposal 1: At a time of its own choosing, the UE is able to send an ‘economy mode’ signal, indicating a general desire to reduce its energy consumption.

Proposal 1a: To prevent misuse, there shall be an interval of least <ffs> seconds between successive mode update signals.

•
Question: In which message should the ‘economy mode’ indicator be sent?

Expected response from eNB

What is the eNB’s expected response to an ‘economy mode’ signal? The eNB can, of course, always choose not to respond at all but, if it decides to take into account the UE’s status, what should it do?

The entity that has the best knowledge of what the ideal response would be is, once again, the UE. A UE might prefer to restrict CA operation to a maximum of 1 or 2 carriers, in no more than one frequency band, for example, and might favour one band over another. It might prefer to restrict MIMO operation to a single UE antenna. If it is able to indicate these preferences to the eNB then an ‘economy mode’ would have real meaning. 

In general the user/UE can always choose to limit uplink data transmissions if this is required, but may also find it advantageous to be able to limit downlink data flows, which are currently fully under network control.

Examples:

1.
A UE handling (2-way) real-time data can trade codec fidelity against efficiency in order to change the amount of data that needs to be exchanged.

2.
A UE autonomously (i.e., without user intervention) checks for email updates, downloading any new entries. Since the user is not present, the UE downloads the new information in the most energyefficient manner, regardless of the time taken to do so.

Indicating UE preference

Sending all these preferences at the time of switching may be cumbersome. An alternative approach is to establish these preferences earlier, perhaps as an alternative, economy version of UE capabilities. The purpose of the ‘economy mode’ indication is therefore to persuade the eNB to use the more restricted capability set.

Proposal 2: The UE is able to upload a restricted capabilities set for use in ‘economy mode’.

•
Question: Is UE Capabilities a good starting point?

Operating Profiles

By analogy with handset ringing profiles (‘General’, ‘Silent’, ‘Meeting’, etc.), it might be useful to support other modes besides ‘economy’. A ‘Home’ profile, for example, might restrict operation to the band or access method supported by the user’s HeNB. Instead of switching between ‘economy’ and ‘normal’ modes, the UE then selects between a small number of operating profiles, appropriate to its circumstances.

Proposal 3: The UE is able to upload and select between a small number of operating profiles.

•
Question: What is the optimum number of profiles?

Indicating availability of UE resources

Thus far, the assumption behind the ‘economy mode’ indication has been that the UE can indicate preferences to the eNB preferences and the eNB can choose to respect or ignore them as it sees fit. LTE-A and future releases will be complex enough that a considerable number of physical resources - multiple radio transceivers operating in multiple bands into multiple antennas – and the associated signal processing capability will be needed to support the full range of capabilities. For one reason or another, some of these resources might be shared with other systems or applications also implemented on the UE platform. Obvious examples include MBMS, WCDMA and GSM but modern terminals may support a variety of other radio systems that all need access to RF hardware and signal processing. The consequence of this would be that some capabilities that have been declared to the eNB on initial attachment might not always be available to the UE, depending on other concurrent activity. 

•
Question: Is it expected that ALL resources declared in, for example, UE Capabilities, are ALWAYS available?

•
Question: Is it expected that a resource currently in use by LTE cannot be redeployed by the UE’s host controller (i.e., can LTE ‘lock’ resources that are in use?)

In the current releases of LTE, if UE capabilities change, then according to 23.401, the UE is required to detach and re-attach to the network. This is compatible with the assumption that UE capabilities might possibly change, but only rarely. As discussed in [3], Sharing of resources is likely to be much more dynamic and, to avoid interruption of data flow and wasted resources, it would be desirable to be able to change some UE capabilities dynamically without the need to detach from and re-attach to the network.

We note that the set of UE categories under discussion elsewhere may be too small to allow signalling of the new capability state by signalling a new category (and, in fact, a new category may impose even more restriction than intended). As an alternative, it may be helpful to send a signal to the eNB indicating a reduced functionality owing to dynamic changes in hardware availability. This would include capabilities which are independent of UE category. These indications could be made via operating profiles similar in format to the ‘economy mode’ discussed earlier.

Proposal 4: Changes in hardware resources at the UE can be signalled in terms of different operating profiles
4. Conclusions
In this contribution, we built on the concepts of power-limited device indication and battery status indication and introduce the concept of an ‘economy mode’ indication, showing how this can be extended to a more general concept of operating profiles. Finally, we also consider system behaviour when resources, previously assumed to be available, become unavailable to the UE.
Proposal 1: At a time of its own choosing, the UE is able to send an ‘economy mode’ signal, indicating a general desire to reduce its energy consumption.

Proposal 1a: To prevent misuse, there shall be an interval of least <ffs> seconds between successive mode update signals.

Proposal 2: The UE is able to upload a restricted capabilities set for use in ‘economy mode’.

Proposal 3: The UE is able to upload and select between a small number of operating profiles.

Proposal 4: Changes in hardware resources at the UE can be signalled in terms of different operating profiles   
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