3GPP TSG-RAN WG2 Meeting #81
R2-130392
St. Julian’s, Malta, Jan. 28 - Feb. 1, 2013
Agenda item:

6.10.2
Source:
ETRI, LG Electronics Inc.
Title:
Early State Transition to Long DRX Cycle
Document for:

Discussion and Decision
1
Introduction
In order to reduce the UE’s battery drain, the current DRX in [1] gives three states according to level of power saving.
· Continuous reception (while drx-InactivityTimer is running), 
· Short DRX cycle (while drxShortCycleTimer is running), and
· Long DRX cycle (while neither drx-InactivityTimer nor drxShortCycleTimer is running)
With states above and considering a trade-off between power saving and responsivity, the eNB should care sensible DRX parameterization to locate the UE in the optimal state. However, due to limitation in parameterization, the eNB also has a means for early state transition to Short DRX cycle by a DRX Command MAC control element. The following summary shows how the state transition is done in the current DRX.

· Continuous reception ( Short DRX cycle is done:
· if drx-InactivityTimer expires, or 
· if DRX CommandMAC control element is received.
· Short DRX cycle ( Long DRX cycle is done:
· if drxShortCycleTimer expires
As can be seen in summary above, what is absent is that the eNB is not able to immediately put the UE in Short DRX cycle into Long DRX cycle. 

At the last RAN2 meeting, a need for early state transition to Long DRX cycle was discussed [2], but not concluded [3].

Possible scenarios and expected benefits of this early state transition to Long DRX cycle are discussed in this paper.

2
Early State transition to Long DRX Cycle
2.1 Possibly Scenarios and expected benefits

In this section, we show possible scenarios and expected benefits of early state transition to Long DRX cycle.

Because Short DRX cycle is more responsive than Long DRX cycle, Short DRX cycle is in principle beneficial for a case where data transfer is expected to be resumed quickly. However, considering that inter-arrival time of packets in most applications varies, it would be difficult for the eNB to configure the optimal Short DRX cycle duration. Accordingly, if too short duration is configured, the UE would enter Long DRX cycle too early and therefore the UE may experience an additionally delay that badly impacts the QoS. If too long duration is configured, the UE would unnecessarily stay for a long time in Short DRX cycle that causes the battery drain.

Therefore, it would be beneficial if the eNB conservatively configures long duration for Short DRX cycle, and is able to control early state transition to Long DRX cycle according to the observed traffic.
Furthermore, if multiple applications are running together, it would be even more difficult to select the Short DRX cycle duration. Therefore, early state transition to Long DRX cycle is also beneficial in this case. For example, if applications for instant messaging service and background service are running together, because inter-arrival time of background traffic is much longer than that of instant messaging traffic [4], early state transition to Long DRX cycle is beneficial in case of background traffic. Note that the eNB probably keeps the UE in Short DRX cycle in case of instant messaging traffic.
In addition to benefits of power saving, early state transition to Long DRX cycle would be also beneficial for PUCCH resource sharing. In the current specification, if CQI masking is setup, the UE shall not report CSI on PUCCH when onDurationTimer is not running. Hence, the PUCCH resources can be shared by multiple UEs in a TDM manner. However, according to the current specification, because even small data transmissions in UL or DL cause that the UE transits from Long DRX cycle to Short DRX cycle, the eNB probably has to reconfigure the PUCCH resources between the UEs by RRC connection reconfiguration messages.
If early state transition to Long DRX cycle is possible, when the eNB observes small data transmissions for the UE in Long DRX cycle, it is able to immediately put the UE again in Long DRX cycle after the small data transmissions so that the PUCCH resources sharing can be kept. Therefore, the eNB complexity and signalling overhead can be reduced.
Proposal 1: to discuss a need for early state transition to Long DRX cycle.
2.2 Solutions
In a way for early state transition to Long DRX cycle, two solutions are possible.
Solution 1: introducing a new DRX CommandMAC control element 
In this solution, the new DRX CommandMAC control element for entering Long DRX cycle is used. Therefore, the UE differently behaves according to type of DRX CommandMAC control element. I.e., when the UE receives the existing DRX Command MAC control element, the UE enters Short DRX cycle. And when the UE receives the new DRX Command MAC control element for Long DRX cycle, the UE enters Long DRX cycle.
Solution 2: using the existing DRX Command MAC control element

In this solution, the UE differently behaves according to the number of DRX Command MAC control elements. I.e., when the UE receives one DRX Command MAC control element in one subframe, the UE enters Short DRX cycle. And when the UE receives two DRX Command MAC control elements in one subframe, the UE enters Long DRX cycle.
Proposal 2: to discuss solutions above if early state transition to Long DRX cycle is considered beneficial.
CRs for solutions are given in [5] and [6], respectively.
3
Conclusion

This paper shows benefits of early state transition to Long DRX cycle in terms of power saving and resource sharing. Also, it shows two solutions: introducing a new MAC control element or using the existing DRX Command MAC control element. Therefore, following is proposed.
Proposal 1: to discuss a need for early state transition to Long DRX cycle.
Proposal 2: to discuss solutions above if early state transition to Long DRX cycle is considered beneficial.
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