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1 Introduction
It has been agreed that the UE may send assistance information to the eNB with objective to request a different setting for power consumption or to transfer (idle) mobility information. In this paper we discuss some details concerning UE assistance on power setting options. 
During an ongoing data session, i.e. the UE is RRC connected and time aligned, presumably when the UE mostly sends background traffic, i.e. small, infrequent data packets or no traffic at all, the UE may request a new configuration for less power consumption. This request is in the form of a single bit [1] transmitted to the eNB, referred to as Power Preference Indicator (PPI) in [2]. Upon reception of this bit the eNB may or may not act at all. Assuming the eNB wishes to act upon the request the eNB can, e.g. reconfigure DRX. 
For the remainder of the document we assume that PPI refers to two different DRX configurations (for the default bearer), one “normal” setting and one setting for lower UE power consumption, although the agreement in the RAN2#78 (Prague) meeting leaves actions on behalf of the PPI up to the eNB (similar to what was proposed in [3]). The gains of different DRX configurations have been demonstrated in [4]. Gains are limited and to make sure that the UE has an opportunity to make use of this gain, signaling in conjunction with transferring UE preference and reconfiguration need to be minimized.
In this document we discuss proposals on the configuring and applying of such a PPI.

2 Discussion on UE assistance
2.1 Configuration of PPI
In order to prepare the UE and eNB for use of the PPI, the UE signals its capabilities to the eNB, just like for most other functionality. Unless the UE receives confirmation from the eNB, the UE is not allowed to signal its preference for power consumption. This to minimize signaling since even signaling from a UE that is ignored from the eNB (e.g. a Rel. 8 eNB) should be avoided. This configuration is done per UE and is possible to update whenever it is necessary, i.e. after a handover (see below). 
Proposal 1 To limit signaling the eNB notifies the UE during RRC setup/reconfiguration that it is allowed to signal its power preference.
2.2 Method for transferring PPI 
There are several alternatives to transport the PPI to the eNB.  One possibility is to create a new Medium Access Control (MAC) control element, i.e. a new element in the MAC header, which will indicate the UE’s preference. Several code points could be allowed in the MAC control element, however since there is only need for two levels, “power saving” or not, one code point is enough. Another alternative is to use a scheduling request (SR) to indicate the preference. One way to do this could be to use time division for the SR PUCCH resources, such that sending an SR in one slot may indicate a one preference for power consumption and sending an SR in another slot may indicate no preference. However, these two methods are costly either in terms of scarcity of MAC CE code points or scarcity of SR resources.
The use of RRC has some benefits over the previously mentioned methods. Some benefits are that the RRC message is more reliable, capacity is not a problem and this is the same message protocol used to configure DRX. Further, the message will only be sent once every time the UE preference changes (see more below). A new RRC message should be provided for signaling PPI.
Proposal 2 Provide new RRC message to signal UE preference to eNB.
2.3 Power preference indicator

According to the agreement from the Prague meeting (RAN2#78) the idea with the indication is “to toggle between a “default” state and a “lower power consumption” state where it is up to the NW whether and how to make use of the indication”. We assume that this function is provided with different DRX configurations, however, this is up to the NW to decide.
Proposal 3 The signaled PPI comprises toggling between a “default” state and a “lower power consumption” state and it is up to the NW whether and how it makes use of the indication.
2.4 Limiting signaling of PPI
Should the configuration for UE power consumption be effective indefinitely, ended due to a timer, ended due to changes in traffic or ended with explicit signaling? The UE may send a request for power saving mode whenever its preference changes. This request can be sent only once after the UE preference changes. There is no need to repeat the message since after reception of the message the eNB will be aware of the UE preference. 
Proposal 4 The UE sends only one PPI to the eNB whenever its power preference changes. Upon reception of the PPI the eNB is aware of the UE preference and then decides whether and how to act upon the request.
The eNB needs to monitor the status of configuration with regard to the request. For instance, the eNB sees reasons to ignore the UE request when it is sent due to some reason, e.g. due to the current bearer configuration. After a significant change of the eNB bearer configuration the eNB may decide that it is possible to grant the UE the previously requested new configuration.
Even with the restriction in Proposal 4 there may be a need to limit the time between signaling attempts from the UE. This can preferably be done with a timer, such as the one for fast dormancy in UTRAN (T323), 3GPP TS 25.331, but with different settings with respect to the currently requested mode.  Another difference from UTRAN is, as mentioned in proposal 4, that the PPI is sent only once, whereas in UTRAN it is possible to send a new request every time the timer expires.

While the timer is running the UE should be prevented from sending PPI. However, a request from the UE to switch back to the default configuration should be allowed (with a shorter delay) even though the timer is running.
Proposal 5 Introduce a PPI prohibit timer with different behavior depending on the currently requested mode. Timer is started when the UE sends request for power saving mode. While the timer is running the UE is prohibited from sending new requests for power saving but may request a change back to default.
For example, the UE requests and is granted a power saving configuration. Shortly after this the UE preference is changed and the UE requests a switch back to default. This will be granted with little or no delay. Should the UE then again try to request a power saving configuration the prohibit timer will prevent this request for some time. Hence, the prohibit timer makes sure that the UE stays in a “new” configuration for a significant period of time.
2.5 Handover
Upon handover the entire current UE configuration is forwarded from the serving eNB to the target eNB. The configuration will include indications of features supported, e.g. IDC, MBMS, and/or PPI. With this information the target eNB will prepare configuration for the UE preparing for HO. Assuming that the target eNB supports PPI, the target eNB may setup a bearer for the UE with a power-saving configuration. That is, the power preference will continue in the new cell. Hence, there is no need to reset the timer upon handover.
If the target eNB does not support the PPI, the target NB will when reading the configuration simply ignore the parts referring to support for PPI and the UE preference configuration. A default configuration will be established. If the UE eventually performs HO to an eNB that supports PPI again, a new configuration will be setup as described in previous sections. 

Proposal 6 Configuration for PPI is, upon HO, transferred to target eNB that supports PPI. 
Proposal 7 Upon handover, the timer is not reset.

3 Conclusions

In this contribution we discuss how a Power Preference Indicator (PPI) is configured and applied. We propose the following:

Proposal 1
To limit signaling the eNB notifies the UE during RRC setup/reconfiguration that it is allowed to signal its power preference.
Proposal 2
Provide new RRC message to signal UE preference to eNB.
Proposal 3
The signaled PPI comprises toggling between a “default” state and a “lower power consumption” state and it is up to the NW whether and how it makes use of the indication.
Proposal 4
The UE sends only one PPI to the eNB whenever its power preference changes. Upon reception of the PPI the eNB is aware of the UE preference and then decides whether and how to act upon the request.
Proposal 5
Introduce a PPI prohibit timer with different behavior depending on the currently requested mode. Timer is started when the UE sends request for power saving mode. While the timer is running the UE is prohibited from sending new requests for power saving but may request a change back to default.
Proposal 6
Configuration for PPI is, upon HO, transferred to target eNB that supports PPI.
Proposal 7
Upon handover, the timer is not reset.
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