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1 Introduction

MAC impacts from introduction of EPDCCH had been discussed in RAN2 in last meeting [1]. However, there was no agreement, except that the approach proposed in [2] was considered as baseline but will be discussed in the next meeting.
In this contribution, we further analyze the potential impacts on DRX operation regarding the introduction of EPDCCH and share our opinions.
2 Discussion

The following definitions apply to DRX operation in E-UTRAN [3]:
· on-duration: duration in downlink subframes that the UE waits for, after waking up from DRX, to receive PDCCHs. If the UE successfully decodes a PDCCH, the UE stays awake and starts the inactivity timer;
· inactivity-timer: duration in downlink subframes that the UE waits to successfully decode a PDCCH, from the last successful decoding of a PDCCH, failing which it re-enters DRX. The UE shall restart the inactivity timer following a single successful decoding of a PDCCH for a first transmission only (i.e. not for retransmissions).
· active-time: total duration that the UE is awake. This includes the “on-duration” of the DRX cycle, the time UE is performing continuous reception while the inactivity timer has not expired and the time UE is performing continuous reception while waiting for a DL retransmission after one HARQ RTT. Based on the above the minimum active time is of length equal to on-duration, and the maximum is undefined (infinite);
As defined in current specification [3], the on-duration and inactivity-timer are of fixed lengths, while the active-time is of varying lengths based on scheduling decision and success of UE decoding. Only the duration values of on-duration and inactivity-timer are signalled to the UE by the eNB. Furthermore, RRC controls DRX operation by configuring the DRX related timers onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer [4]. Therefore, it allows the UE to monitor PDCCH discontinuously by using these timers; otherwise the UE monitors the PDCCH continuously. 

If the UE can successfully decode a PDCCH for a first transmission, the UE shall stay awake and start the drx-InactivityTimer (regardless of a PDCCH is successfully decoded in the subframes where the UE has also been allocated predefined resources) until a MAC control message informs the UE to re-enter DRX, or until the inactivity timer is expired [3]. In other words, the UE starts/restarts the drx-InactivityTimer when it has detected UL/DL assignments for new data (note: expect for retransmission data) in PDCCH. 
According to RAN1’s agreement [5], higher layer signalling can indicate the subframes where the UE shall monitor the UE-specific search space on EPDCCH. In the subframes not configured for monitoring EPDCCH, UE monitors CSS and USS on PDCCH according to Rel-10 definition [5]. Actually, when the UE needs to monitor EPDCCHs in the subframes of on duration period, it also needs to monitor PDCCHs in the rest subframes of on duration period. Therefore, it is necessary to discuss how to perform DRX operation with EPDCCH in Rel-11, in order to achieve consistency of the DRX operation between EPDCCH and PDCCH.
2.1 Start/Restart of drx-InactivityTimer impacted by EPDCCH
As Fig.1 shown, for Case 1, the UE needs to monitor EPDCCH in the subframe k in on duration period. Compared with Case 2 (i.e. the UE monitors PDCCH in the subframe k in on duration period), it is obvious that the UE can not determine whether there is any DL/UL assignment in the subframe k, due to the UE has to receive the whole subframe for completely decoding the EPDCCH. It means that the duration of decoding EPDCCH of the subframe k would extend to the next subframe (i.e. the subframe k+1). 
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Fig. 1: DRX operation for PDCCH/EPDCCH with new data.
Concerning the above issue, some companies suggested that if EPDCCH is configured, the UE is allowed not to monitor PDCCH or EPDCCH in the next subframe of the end of the active time, even if there is a DL or UL initial grant in the subframe of the end of the active time. However, in our understanding, if UE can decode the EPDCCH of the subframe k indicating new data allocation in the subframe k+1, it should start/restart drx-InactivityTimer in the subframe k, in order to maintain the same behavior as defined in Rel-10. Therefore, the UE’s active period will be extended for continuity of monitoring PDCCH/EPDCCH until drx-InactivityTimer is expired, in order to not miss any DL/UL new data assignment.
Proposal 1: Upon UE has decoded EPDCCH of a subframe with new data assignment, drx-InactivityTimer should be restarted in the next subframe of the subframe which includes the EPDCCH.
2.2 End of active time impacted by EPDCCH

RAN2 had already clarified in [6] that the drx-InactivityTimer is started or restarted from the next subframe of the subframe where the DL or UL new transmission is allocated by PDCCH. As shown in Fig 2, for Case 3, the UE will keep active in the subframe n+1 where it is originally assumed to go to sleep, since the UE cannot completely decode EPDCCH in subframe n and thus does not know whether DL assignment or UL grant will be allocated in the subframe n. It means that the duration of decoding EPDCCH of the subframe n would be extended to the next subframe (i.e. subframe n+1), and UE does not know whether drx-InactivityTimer is started/restarted on subframe n+1 until it has decoded EPDCCH of the subframe n successfully.
Obviously, UE’s behaviours in Case 3 and 4 are different. More specifically, the UE stays awake in the subframe n+1 for Case 3, but for Case 4 the UE would sleep in the subframe n+1. However, we think if the UE can follow the current DRX behaviour for PDCCH [6], the drx-InactivityTimer would be not restarted in the next subframe (i.e. subframe n+1) of the subframe (i.e. the subframe n) where no DL/UL new transmission is allocated by EPDCCH.
 
[image: image2.emf]OnDuration

DRX Cycle

Opportunity for DRX

EPDCCH

nn+1n+2n+3

Decoding ePDCCH

Decoding PDCCH

P

D

C

C

H

Case 3

Case 4

Subframe of 

the UE sleeps

Subframe of

the UE keeps active


Fig. 2: DRX operation for PDCCH/EPDCCH without new data.
Proposal 2: Upon expiry of onDurationTimer and drx-InactivityTimer not running, the UE should not stay awake if it has decoded EPDCCH without new data assignment.
Based on above discussion, in order to aviod the inconsistency between DRX behaviours impacted by PDCCH and EPDCCH respectively, we believe that the same principle as is used in current specification can be applied, i.e. the UE should stay awake until it knows that it has not received any new data assignment in the last active subframe. In other words, the UE starts/restarts drx-InactivityTimer upon there is a new data assignment addressed by EPDCCH.
Proposal 3: The same principle as current DRX operation for PDCCH should be applied for EPDCCH in Rel-11.
3 Conclusion
We suggest that the following proposals are discussed and agreed:
Proposal 1: Upon UE has decoded EPDCCH of a subframe with new data assignment, drx-InactivityTimer should be restarted in the next subframe of the subframe which includes the EPDCCH.
Proposal 2: Upon expiry of onDurationTimer and drx-InactivityTimer not running, the UE should not stay awake if it has decoded EPDCCH without new data assignment.
Proposal 3: The same principle as current DRX operation for PDCCH should be applied for EPDCCH in Rel-11.
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