3GPP TSG-RAN WG2#91
R2-153746







R2-15xxxx
24--28 August 2015, Beijing, China.





Agenda Item:
7.1.3
Source: 
Motorola Mobility
Title:  
Options for Reducing Active Time with LAA
Document for:
Discussion and Decision
1 Introduction
DRX in LTE has turned out to be an essential feature for keeping power consumption low at UEs. The operation on LTE on unlicensed carriers requires the implementation of an LBT procedure [3] which results in impact to power consumption [1]. 
A companion document for this meeting (in [1]) provides an analysis of how unlicensed carrier operation can affect the DRX active times. In this contribution we consider some options for mitigating the impact to DRX.
2 Discussion

The analysis in [1] shows that:
Observation 1:  LAA operation on an unlicensed carrier can result in:

· Significantly higher power consumption at the UE when compared to licensed carrier operation, and

· Significantly more dropped packets when compared to licensed carrier operation.
The higher power consumption is a result of longer active times for all carriers due to activity on the unlicensed carrier. The increase in active times is significant even for low levels of Wi-Fi traffic on the unlicensed carrier and increases with the level of Wi-Fi traffic.
Additionally, [1] shows that:
Observation 2: The approach of partitioning activity of different UEs into non-overlapping periods is not feasible for devices that use LAA and share the channel with Wi-Fi devices on an unlicensed carrier.

That is, staggering DRX cycle start times for different UEs, so that a given UE can be in DRX when another UE is receiving data, cannot be reliably used on an unlicensed carrier.
Below, we consider three options for mitigating the impact. 
Independent DRX Configurations
Having independent DRX configurations for licensed and unlicensed carriers seems like a logical approach. With such an approach, the network can configure UE with longer DRX on-durations for unlicensed carriers than for licensed carriers, to account for the possibility that activity on the unlicensed carrier can delay the transmission of data. Given that licensed and unlicensed carriers are very likely to require independent RF chains, there can be some gains from turning off the receiver components for the licensed carrier. 
However, having independent DRX configurations brings up the following issues:

1. Determining the appropriate DRX parameter values to configure for the different carriers can be quite challenging. For example, a DRX cycle length chosen for an unlicensed carrier based on a situation with a lot of Wi-Fi activity may result in unnecessary power consumption in situations without much Wi-Fi activity. It should also be noted that independent DRX configurations requires additional signalling by the network.
2. If the PUCCH is mapped to a licensed carrier, the power savings gains are limited due to the fact that the transceiver corresponding to the licensed carrier cannot enter a low power state. Thus, for independent DRX configurations to have a meaningful power savings benefit, the PUCCH carrier would also have to be an unlicensed carrier. This makes the LAA design considerably more complex due to the uncertainty of being able to transmit PUCCH at fixed times.
There has been discussion in RAN2 about the use of independent DRX configurations for licensed and unlicensed carriers during the study item phase. It was agreed that “Common DRX is used for LAA if it does not result in a need for very short DRX cycles/very long Active times.”[4] We believe it is quite clear from [1] that the current common DRX mechanism leads to very long active times. However, given the issues mentioned above, we think a common DRX configuration is still preferred.

Proposal 1: A single DRX configuration (i.e., single values for long DRX cycle, long DRX start offset, short DRX cycle, on Duration timer, etc.) applies to all licensed and unlicensed carriers the UE operates on.
Extension of Active Time by UE Based on Activity on the Unlicensed Carrier

Given that if an LAA carrier is busy due to Wi-Fi activity, data transmission to a UE is delayed until the carrier becomes available, it is beneficial to extend the UE’s active time based on activity on the LAA carrier. The UE can perform LBT to determine whether the carrier is busy and extend the active time if the carrier is found to be busy. Correspondingly, the eNB extends its view of the UE’s active time based on its LBT procedure. This compensates for the sub-frames that are lost due to the carrier being busy, and gives more opportunities for the eNB to get control of the channel and transmit to the UE. It has been agreed that the UE performs LBT prior to an uplink transmission on an LAA carrier [5]. The intention here is to use the same LBT functionality to adaptively extend the active time, independent of uplink transmissions. 
One concern that arises when the active time duration depends on the UE’s LBT procedure is the possibility of the eNB transmitting to the UE when the UE is not in active time. This can happen due to LBT succeeding at one of the UE or the eNB, but not at the other (i.e., due to a node that is “hidden” to either the UE or the eNB). In particular, if LBT fails at the eNB but succeeds at the UE, the UE may not extend its active time while the eNB may assume that the UE is still in active time. 
We note that there are ways of avoiding the hidden node problem. For example, for the purpose of active time extension, different thresholds can be used at the UE and the eNB to minimize the likelihood of such scenarios; i.e., a higher LBT threshold at the eNB (compared to the LBT threshold used prior to transmission) or a lower LBT threshold at the UE (compared to what is used by the eNB) would ensure that the eNB and the UE have the same view regarding the presence of hidden nodes. Reporting of measurements by UE can also help reveal hidden node situations to the eNB.
Extension of Active Time by eNB Based on Activity on the Unlicensed Carrier
Another approach to achieve the goal of extending the UE’s active time based on activity on the LAA carrier is to explicitly signal to the UE that the active time should be extended. Such an “active time extension” signal would need to indicate the number of sub-frames by which the active time should be extended, which could be based on the duration for which the carrier was busy. 
The following describes how such a mechanism would operate, and is illustrated in Figure 1. The eNB estimates a number of sub-frames for which it expects to transmit to the UE in a given DRX cycle, based on buffered and incoming data. If eNB loses the channel (to a competing LAA AP or a Wi-Fi node) for some duration, it determines the number of sub-frames lost to the competing node. During the next opportunity in which the eNB controls the channel, it transmits an “active time extension” indication to the UE indicating the number of sub-frames by which the UE should extend the active time.  The active time extension indication suspends the DRX inactivity timer (if running) and enables the UE to remain active beyond the period in which the channel is busy. This is in contrast to a regular PDCCH received by the UE that resets the inactivity timer.
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Figure 1: Active Time Extension by eNB

The above procedure allows for having a short inactivity timer while still being able to extend the active time when needed. The active time extension indication can be either a physical layer indication or a MAC control element.
Comparing the two procedures, the UE based approach does not require new signalling and the eNB-based approach does not require LBT at the UE.

Proposal 2: Active time is extended in each DRX cycle to compensate for the duration that an unlicensed carrier is busy, based on one of the approaches described above.
3 Summary
Our companion contribution [1] showed the impact to UE active times if the current DRX mechanism is used with LAA. In this contribution, we considered and analysed options for mitigating the impact to UEs. Due to issues identified with using independent DRX configurations for licensed and unlicensed carriers, we first propose that:
Proposal 1: A single DRX configuration (i.e., single values for long DRX cycle, long DRX start offset, short DRX cycle, on Duration timer, etc.) applies to all licensed and unlicensed carriers the UE operates on.

We described two approaches for adaptively extending the UE active time in response to finding an LAA carrier busy. This compensates for the lost transmission opportunities due to the carrier being busy without forcing the UE to always have long active times. Based on this analysis we propose:
Proposal 2: Active time is extended in each DRX cycle to compensate for the duration that an unlicensed carrier is busy, based on one of the approaches described above.
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