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1.  Introduction
According to TS 36.300 [1], a UE in RRC_CONNECTED may enter DRX to save battery consumption. As is defined the inactivity timer is initiated every time a UE successfully decodes a PDCCH. However, in some cases where there is no further PDCCH planned to be addressed to the UE, the inactivity timer becomes unnecessary which results in a waste of battery by keeping the UE monitoring PDCCH. In this contribution we discuss the possibility to disable the unnecessary inactivity timer and propose indicating whether to use inactivity timer over PDCCH. 
2. Discussion
2.1  Unnecessary Inactivity timer following successful decoding of PDCCH
As specified in TS 36.300, the UE shall restart the inactivity timer following a single successful decoding of a PDCCH. The PDCCH is located in the first n OFDM symbols where n ≤ 3 and consists of [1]:

· Transport format, resource allocation, and hybrid-ARQ information related to DL-SCH;

· Uplink scheduling grant;

· ACK/NAK in response to uplink transmission.
While the eNB is performing resource allocation for a UE, it may be able to estimate when the UE shall be allocated resource again after current resource allocation based on the scheduling policy and/or the buffer status. For example, if the eNB could decide that the UE shall not be scheduled again before the inactivity timer expires, e.g. for round robin scheduling policy, it would be better to cancel the inactivity timer to avoid unnecessary monitoring the channel. Although typical schedulers would be more complicated than a simple round robin scheduler, by analysing the scheduler behaviours properly, such resource allocation patterns can be estimated. Then, the scheduler can decide that the UE will not be scheduled for sometime, without impacting the data delivery performance.
We illustrate activation of the inactivity timer upon decoding of a PDCCH in Fig.1. When a UE wakes up from DRX, it shall wait for receiving PDCCHs for a time period of on-duration. If it could successfully decode a PDCCH during the on-duration, e.g. upon decoding the first block over PDCCH in the figure, inactivity timer is initiated by the UE. In the similar way, the inactivity timer shall be restarted again as long as a PDCCH is successfully decoded before the current inactivity timer expires. However, the inactivity timer causes unnecessary battery consumption if no PDCCH destined to the UE are delivered during the inactivity timer period. As noted in the figure, the inactivity timer following the third block is of no use and preferably shall be canceled for the purpose of power saving.
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Figure 1 inactivity timer restarted upon decoding of a PDCCH

Proposal 1:  eNB uses 1-bit “flag” in PDCCH to indicate enabling/disabling of the inactivity timer.
In order to avoid the above unnecessary inactivity timers, we propose including a 1-bit “flag” in PDCCH, to notify a UE whether it shall enable or disable the inactivity timer following successful decoding of PDCCH. Figure 2 illustrates an example on how the “flag” bit is used. The UE can disable the inactivity timer if “flag = 0” is detected, whereas it can enable the inactivity timer if “flag = 1” is detected.,For example, the UE does not start the inactivity timer when it detects the “flag = 0” upon decoding the first block in the figure. That is, the UE goes to sleep period immediately after successfully decoding the PDCCH. As long as the UE detects the “flag = 1”, it shall restart the inactivity timer as is specified in TS 36.300. In this way, the unnecessary inactivity timer within which no PDCCH shall be expected could be flexibly cancelled, hence improving the power saving efficiency.
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Figure 2  Proposed 1-bit “flag” indication in PDCCH to disable the inactivity timer.
3. Conclusions
The following was proposed to improve the battery saving performance in LTE:
Proposal 1:  eNB uses 1-bit “flag” in PDCCH to control enabling/disabling of the inactivity timer.
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