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1. Introduction
At the joint RAN2, RAN3 & SA2 meeting in February, it was “agreed as a working assumption that power-saving in LTE_ACTIVE mode will be comparable to LTE_IDLE mode” [7]. There are several plausible reasons for facilitating this, e.g.: 
· Resource efficiency: Always moving inactive UEs to LTE_Idle can result in excessive paging, since LTE_Idle deploys paging over a Tracking Area that may cover many cells. Thus, it is more efficient to keep stationary but inactive UE:s in LTE_Active, where the UE is known on a cell level. UE:s experiencing short activity bursts interleaved with dormancy periods would also gain from such power-saving in LTE_Active. 

· Wake-up delays: The requirements for waking up a dormant UE are very stringent [1]. These requirements are easier to meet if the UE is known in the cell, and the wake-up only involves interaction between the UE and the Node B.   
In practice, UE dormancy means discontinuous transmission (DTX) and reception (DRX) affecting functionality such as UL synchronization, Random Access, UE identification and Scheduling. 
In this contribution, we describe our view on the procedures involved for facilitating such dormancy in LTE_Active. Our analysis reveals that uplink synchronization is the main aspect affecting the UE behaviour and its access to UL and/or DL resources. We propose to model this aspect with two MAC states, where the main distinguishing factor between the two states is the availability of uplink synchronization.
2. Power-saving and the LTE state model 
The LTE state model agreed so far includes three states characterized by ([2], Annex C): 
LTE_Detached: 
-The location of the UE is not known by the network (e.g. UE switched off);

LTE_Idle: 
- State in which the UE has a low power consumption and can thus be kept for many days; 
- Fast state transition to LTE_Active shall be supported (<=100ms excluding DTX); 
- Mobility: cell reselection by the UE and traffic area change registration to the network;

LTE_Active
- UE is able to perform Uplink/Downlink transport with very limited access delay; 
- Mobility: network directs the UE to serving cells;

The reference [2] also includes a note:”There is a power saving substate within the Active Mode. This is the dormant substate”. The present contribution deals with such sub-states in LTE_Active, and methods facilitating this power-saving aspect. 
Further a clarification of the RRC state model is provided in [4], where two states RRC_DETACHED and RRC_CONNECTED are identified. The description of the functions and procedures in LTE_ACTIVE apply also to the RRC_CONNECTED state.
3. UE power-saving in LTE_Active

In practice, UE power-saving translates to discontinuous transmission (DTX) and reception (DRX). In this section, we describe our understanding of the functions affected by UE DTX and DRX in LTE_Active.
3.1 Uplink aspects
The UE access to the uplink is mainly dependent on availability of UL synchronization and/or the availability of dedicated (orthogonal) UL resources. 

UL Synchronization: 

The LTE uplink requires strict time-alignment. A UE that has been in DTX for a certain time therefore need to synchronize itself with the network. This is done by a Random Access burst in the uplink followed by a timing adjustment in the downlink. This timing-adjustment response may include a grant to a dedicated UL resource. See [5] and [6] for further details on Random Access. 
At the same time, the UE need to identify itself with the network. In LTE_Active, the UE is known in the cell and could therefore be identified with a unique cell-specific identity (Cell Id, C-RNTI or similar). However, transmitting the full Cell Id in the synchronization request can be costly. One solution is to use a random id in the first Random Access burst, and use the longer unique cell-specific identity only when the UL has been synchronized, see [5] and [6].  
UL synchronization can be maintained also in cases when the UE has nothing to send, provided the network requests the UE to send some dummy “data” for the purpose of UL synchronization. For example, the UE could be configured to send periodic CQI reports based on which the UL is kept synchronized. At the same time, the DL quality estimate is regularly updated. 

Maintaining UL synchronization for an inactive UE could be motivated e.g. for time-critical applications and for terminals which are not limited by battery power. We assume that such activity is configured by upper layers. Once the timing adjustment is terminated, the UL must be considered unsynchronized after a period of time. This “transition” from “synchronized” to “unsynchronized” could e.g. be governed by a timer. 
UL synchronization is a procedure needed in LTE_Idle and LTE_Detached. Our view is that the procedures for synchronizing the UL shall be available also in LTE_Active, thereby allowing for longer UE standby times and better resource efficiency for bursty data transmission and for stationary UEs. Thus, we conclude that a UE should be allowed to have an unsynchronized uplink in LTE_Active. 
3.2 Downlink aspects
One major aspect affecting the UE stand-by time is the possibility to inactivate the UE receiver circuitry. In UTRAN, this is mainly utilized in the paging states, where the UE is listening periodically to the paging channel. In RAN2, there has been a fairly broad consensus for facilitating DRX periods in LTE_Active meaning that the UE is discontinuously listening to the downlink scheduling channel. Such a solution has conceptual similarities with “Cell Paging”. These DRX cycles should also influence the frequency of downlink channel quality measurements and the frequency and/or discontinuation of Channel Quality Indicator reports sent in the uplink.
Observe that HARQ operation in the downlink requires the uplink to be synchronized for carrying the ACK/NACK feedback. Thus, in case the UL synchronization is lost (due to DTX in the UE), there may be a need for a two-stage procedure such that the UL is synchronized prior to any scheduled data-transmission on the downlink channel. 
We assume that the DRX period(s) and triggers/timers which result in DRX are configured by RRC. Alternatively, the network may direct inactive UEs to DRX by explicit commands. Configuring long DRX periods allows for long standby times with the expense of elevated wake-up times for network-initiated data-transfers. 
3.3 Mobility aspects 

One main difference between LTE_Idle and LTE_Active is in the mobility handling. Mobility in LTE_Active is controlled by the network. Thus, there are measurements and measurement reports needed to guide the network in its selection of the most appropriate cell. 
An inactive UE in LTE_Active deploying DRX cycles should be allowed to perform less frequent measurements, since the standby-time is heavily affected from the possibility to inactivate the UE receiver. 

The frequency of measurement reports is another aspect affecting the power-consumption of the UE. By trigger-based measurement reports (similar to those available in UTRAN), it is possible to avoid any burden from obsolete and/or periodic reports. 
Thus, it is shall be possible to configure the measurements and measurement reports for mobility support in LTE_Active such that the burden on the UE is very low. With trigger-based reports, no measurement reports should be triggered by stationary UEs.
For stationary UEs, we therefore conclude that it shall be possible to implement mobility measurements in LTE_Active, which are as resource efficient as the UE cell selection methods needed in LTE_Idle. A typical trigger for transferring an inactive UE from LTE_Active to LTE_Idle could then be the detection of UE mobility. 
4. Examples
In this section, we provide some non-exclusive examples on ways to realize coordinated DRX/DTX cycles in LTE_Active. 

4.1 Maintaining uplink synchronization with DRX/DTX cycles

As noted in the Section 2, UL synchronization could be maintained by regularly activate the UL followed by timing adjustment commands in the downlink. One such solution is depicted in the figure below, where the UE periodically sends CQI reports, based on which the Node B responds with a Timing Adjustment. Coordinating the possible scheduling of DL data with these events means that the UE can disable both the receiver and transmitter circuitry during the “silent” periods. In addition, it means that the DL scheduler will always have a fresh CQI report available at the possible scheduling instants.   
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4.2 UL request – unsynchronized UL 

If the UE has been inactive long enough to loose UL synchronization, then the UE must re-synchronize its uplink using Random Access procedures, c.f. [5]. This is illustrated in the figure below, where the UE receives a TA command and an initial grant as a response to the Random Access attempt. Additional grants are then obtained using regular request-response patterns.  
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4.3 DL scheduling - unsynchronized UL 
A synchronized UL is needed for HARQ feedback of DL transmissions. In case the UL is un-synchronized, a synchronization of the UL is needed prior to the scheduling of DL data. Thus, the Node B may issue a request to the UE to synchronize its uplink prior to the scheduling. One such solution is illustrated in the figure below. In this illustration, it is assumed that the DL scheduler waits for a first CQI report prior to any transmission of data.  
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5. Discussion 

As illustrated in the previous sections, the main aspect defining the UE procedures needed to access network resources is the availability of uplink synchronization. A UE with a synchronized uplink can have access to resources directly (subject to scheduler decisions and shorter DRX/DTX cycles), while a UE with an unsynchronized uplink need to synchronize its uplink prior to any user-plane activity. We suggest that this aspect is captured and characterized by two MAC states. The main features of the proposed MAC states are as follows:  

MAC_Active

· The UE has a synchronized uplink, 

· The UE can be scheduled (DL) and can request for UL resources,
· DRX/DTX can be applied in MAC_Active such that UL synchronization is maintained. To what extent DRX is supported in MAC_Active is FFS. 

MAC_Dormant

· The UE does not have a synchronized uplink, 
· The UE need to synchronize its uplink prior to any scheduling in UL or DL. 
· It is FFS whether DRX shall be enforced in MAC_Dormant.
 Tying the DRX cycles to the MAC states may result in fewer options and simplify the characterization. In addition, we note that different levels of measurement activity can be configured and applied to the MAC states above. We assume that measurements, DRX/DTX periods and timers/triggers for MAC state-changes are configured by RRC. 
6. Conclusion and proposal

Within LTE, it shall be possible to realize means for UE power-saving in LTE_Active, such that UEs can remain in LTE_Active for considerable periods of time without deteriorated UE standby-performance. This is particularly beneficial for stationary UEs, and for transmissions characterized by discontinuous activity.

In this contribution, we describe our view on the functionality affected by the need to realize power saving for UEs in LTE_Active. These functions include UL synchronization, DL scheduling and measurements for channel quality measurement and mobility support. Triggers for measurements, DRX periods, state-transitions etc., shall be configurable by RRC.  
Based on our analysis, we find that the loss of uplink synchronization is the main aspect affecting the UE behaviour - both for the access to UL resources and for the scheduling of DL traffic. In both cases, there is a need for a two-stage procedure before the transmission of user-plane data can commence. We therefore propose that the state of UL synchronization is captured by two UE MAC states: MAC_Dormant and MAC_Active. We propose that the characterization of the MAC states defined in Section 5 is captured in TR 25.813 [3]. 
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