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1 Introduction
In Rel-11, ePDCCH is introduced to mitigate the overload in PDCCH region and apply more advanced schemes such as inter-cell interfernece and advanced antenna scheme. ePDCCH is transmitted in PDSCH region. Given that DL and UL grant can be transmitted in ePDCCH in Rel-11, it would be worthwhile to consider if there is any impact in RAN2. 

2. ePDCCH

In RAN1 #68 meeting, the following was agreed on how to mulitplex with PDSCH in the PDSCH region [1].
· E-PDCCH messages span both first and second slots with a restriction on the maximum number of TrCH bits receivable in a TTI (to allow a relaxation of the processing requirements for the UE). 

· Details of how and when to restrict the maximum number of TrCH bits receivable in a TTI are FFS (for example when RTT > 100us (FFS) or according to UE capability (FFS))
· Multiplexing of PDSCH and ePDCCH within a PRB pair is not permitted
According to this agreement, each ePDCCH message is transmitted over one subframe and multiplexed with PDSCH in frequency domain in PRB level. It is different from PDCCH that transmits within a first few symbols in a subframe and multiplex with PDSCH in time domain. 
Although the decision is yet to be made, it is likely that the UE monitors UE specific search space in ePDCCH only if ePDCCH is configured. However, the UE still needs to monitor common search space in PDCCH because discussion on common search space in ePDCCH was postponed in Rel-12.  
3. drx-InactivityTimer handling

One possible impact due to ePDCCH is the impact on DRX operation especially on drx-InactivityTimer. In DRX, the UE is allowed to monitor the PDCCH discontinuously using the several DRX related timers e.g. onDurationTimer, drx-InactivityTimer, and drx-RetransmissionTimer. Among them, drx-InactivityTimer is used to indicate the number of consecutive PDCCH-subframe(s) after successfully decoding a PDCCH indiacting an intial UL or DL user data transmission. The drx-InactivityTimer is started when the UE receives the PDCCH indcating a new transmission. And when drx-InactivityTimer is expired, the short DRX cycle or Long DRX cycle is used for DRX operation. The UE keeps monitoring PDCCH while the drx-InactityTimer is running.

In LTE Rel-8/9/10, as shown in the left side in Figure 1, if the UE receives initial DL or UL grant in the subframe n, drx-InactivityTimer is started at the subframe n and counted from the next subframe, subframe n+1. It is possible because the PDCCH decoding can be finished before the next subframe is started. However, if ePDCCH is introduced and DL/UL grant is transmitted in ePDCCH, the UE starts ePDCCH decoding in the end of subframe n because the UE needs to receive the whole subframe to decode ePDCCH message. Even if the UE decoding time is very short, the UE would not be able to complete the ePDCCH decoding before the subframe n+1. Therefore, due to the latency with ePDCCH decoding, the UE may not be able to start drx-InactivityTimer at the subframe n where initial DL or UL grant is received as shown in the right side in Figure 1.   
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Figure 1: example of drx-InactivityTimer handling
If the next subframe is still active subframe, there is no big problem in monitoring PDCCH/ePDCCH even if the UE cannot start drx-InactivityTimer before the subframe n+1. The UE could count drx-InactivityTimer once the UE finish the ePDCCH decoding. However, if the subframe n+1 is inactive subframe, the UE may not be able to monitor PDCCH or ePDCCH in subframe n+1 even if the active time is extended with drx-InactivityTimer because the decoding in ePDCCH is not completed and the UE cannot determine whether the active time is extended or not. 
Observation: due to ePDCCH decoding delay, the UE cannot determine whether DL or UL grant is received within the subframe. Therefore, if the next subframe is not Active Time, there is ambiguity that the UE may not know whether the UE should monitor PDCCH/ePDCCH in the next subframe even if the Active Time is extended to the next subframe with drx-InacitivityTimer.  
Proposal: RAN2 should discuss how to avoid the ambiguity in Active Time due to the ePDCCH decoding delay.
In order to resolve this issue, we could allow the UE not to monitor the next subframe which is originally inactive although it is counted as drx-Inactivitytimer later after the UE completes the ePDCCH decoding. Since the eNB know that the UE may or may not monitor the next subframe, the eNB should not schedule DL or UL grant in the next subframe.
Alternatively, we can modify the current UE operation such that the UE starts the drx-InactivityTimer for ePDCCH in the next subframe considering the ePDCCH decoding time. The drx-InactivityTimer is counted after then next subframe, i.e. subframe n+2 in the above example. Therefore, the UE knows the start of active time exactly after the ePDCCH decoding is completed.  
4. Conclusion

In this document, we discuss the drx-InactivityTimer handling as ePDCCH is introduced. Due to ePDCCH decoding delay, the UE cannot determine whether DL or UL grant is received within the subframe. Therefore, if the next subframe is not Active Time, there is ambiguity that the UE may not know whether the UE should monitor PDCCH/ePDCCH in the next subframe even if the Active Time is extended to the next subframe with drx-InacitivityTimer.
Proposal: RAN2 should discuss how to avoid the ambiguity in Active Time due to the ePDCCH decoding delay.
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