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1 Introduction
In RAN2 #79bis meeting, DRX operation when EPDCCH is introduced was discussed. The main issue is whether the decoding delay of EPDCCH should be considered when the UE starts drx-InacticityTimer and three possible solutions were discussed. 

· eNB based approach : eNB does not schedule in the first subframe of extended Active Time with drx-InactivityTimer 
· UE based approach : the UE remains active until the UE completes the decoding of EPDCCH
· Change of starting time of drx-InactivityTimer : drx-InactivityTimer is started after the UE completes the decoding of EPDCCH i.e. the next subframe after the UE receives EPDCCH. 
RAN2 concludes that UE based approach is considered as baseline but RAN2 will discuss it further. Therefore, in this document, we discuss further about DRX operation when EPDCCH is introduced based on the previous RAN2 discussion. 
2. PDCCH vs. EPDCCH

In RAN2 #79bis meeting it was commented that the UE may not be able to finish PDCCH decoding within a subframe that the UE receives PDCCH and in this case, the UE should stay active until the UE finishes decoding. Therefore, the same UE based approach can be applied to EPDCCH. We would like to point out that there is difference between PDCCH and EPDCCH in terms of decoding time.

The decoding time of PDCCH has been discussed many times in RAN1 and many companies assume that PDCCH decoding is around 0.5ms and it is possible to finish PDCCH decoding before the end of subframe [2-6]. Nevertheless, it may be possible that the UE may not be able to complete PDCCH within a subframe depending on UE implementation. However, since it is important to finish PDSCH decoding within HARQ time line and the required information for PDSCH decoding is included in DCI grant in PDCCH, PDCCH decoding should be prioritized. Therefore, it is rare case that PDCCH decoding is not completed within a subframe. 

In case of EPDCCH, although EPDCCH decoding is prioritized, it is impossible to finish EPDCCH decoding within a subframe that EPDCCH is received because EPDCCH decoding can start after the UE finish EPDCCH over the subframe. 
Therefore, in both PDCCH and EPDCCH, the UE could implement such that the UE keep monitoring until PDCCH/EDPCCH is completely decoded and update DRX status going back to the subframe that PDCCH/EPDCCH is received. However, in case of PDCCH that the UE perform this operation only when PDCCH decoding is delayed due to some reason, while in case of EPDCCH, the UE performs this operation every subframe that DRX status may change. 
Observation: EPDCCH decoding delay will happen quite often than PDCCH decoding delay. Therefore, the impact of delayed decoding would be much significant than PDCCH. 
3. Impact of decoding delay
Periodic CSI transmission 

In current DRX operation, the UE may optionally choose not to send CSI on PUCCH and SRS transmissions for up to 4 subframes following a PDCCH indicating a new transmission (a.k.a sudden extension of Active Time). However, this optional behaviour is not applicable when CSI is transmitted on PUSCH. Furthermore, in RAN2 #79bis meeting, it is also agreed that the optional UE behaviour is not applicable when there is other uplink transmission. 
Although the UE is supposed to transmit CSI on PUSCH if the subframe is Active Time, the UE may not know whether the subframe is Active Time or not. Figure 1 shows the simple example of ambiguity situation. It is assumed that it is Active Time from subframe (n-3) to subframe (n) while onDurationTimer is running and PUSCH is to be transmitted in subframe (n+1). If there is no PDCCH/EPDCCH in subframe (n), the UE shall not transmit CSI on PUSCH. However, if the UE receives PDCCH/EPDCCH in subframe (n) and it includes initial DL/UL grant, Active Time can be extended to subframe (n+1) as drx-InactivityTimer starts. However, if the UE cannot finish decoding PDCCH/EPDCCH, it is not possible for the UE to know whether CSI is transmitted or not. 
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Figure 1: example of ambiguity in CSI transmission due to decoding delay
Observation: Due to the decoding delay, the UE cannot decide whether CSI should be transmitted or not even when the optional behaviour is not allowed. 
This problem could be resolved differently depending on possible approaches. 
· UE based approach: the UE still have ambiguity subframe. Therefore, the UE optional behaviour should be allowed when CSI is transmitted with PUSCH in the first subframe during sudden extension of Active Time. 
· Changing starting time of drx-InacitivityTimer: there is no issue because there is no ambiguity period. 
Definition of drx-InactivityTimer

Looking at the definition of drx-InactivityTimer as copied below, drx-InactivityTimer defines the number of consecutive PDCCH-subframe(s) after successfully decoding a PDCCH and drx-InactivityTimer starts the subframe that the UE receives a PDCCH. 
	drx-InactivityTimer: Specifies the number of consecutive PDCCH-subframe(s) after successfully decoding a PDCCH indicating an initial UL or DL user data transmission for this UE.


If the UE cannot decode PDCCH/EPDCCH within a subframe, it is unclear how to implement the drx-InactivityTimer based on the above definition. It may be possible that the UE just follow DRX operation described in TS 36.321 and start drx-InactivityTimer in the subframe that the UE receives PDCCH indicating initial UL/DL grant. However, we should resolve the conflicting definition and operation of drx-InactivityTimer taking the decoding delay into account. 
Observation: Due to decoding delay, it is not clear how to implement drx-InactivityTimer. 
This problem could be resolved differently depending on possible approaches. 

· UE based approach: we should clarify the definition of drx-InactivityTimer as follow.

· Specifies the number of consecutive PDCCH-subframe(s) after the UE receives a PDCCH indicating an initial UL or DL user data transmission for this UE.
· Changing starting time of drx-InacitivityTimer: there is no need to change the definition of drx-InactivityTimer. 

4. Conclusion
In this document, we discuss further about DRX operation when EPDCCH is introduced based on the previous RAN2 discussion. 
First, we compare the difference between PDCCH and EPDCCH in terms of decoding delay. We observe that EPDCCH decoding delay will happen quite often than PDCCH decoding delay. Therefore, the impact of delayed decoding would be much significant than PDCCH. 
Second, we investigate the impact in DRX operation due to the decoding delay. We found the following two issues.
· Periodic CSI transmission: Due to the decoding delay, the UE cannot decide whether CSI should be transmitted or not even when the optional behaviour is not allowed. 

· Definition of drx-InactivityTimer: Due to decoding delay, it is not clear how to implement drx-InactivityTimer.
Proposal 1: If RAN2 agree UE based approach, the following changes would be required to resolve two issues identified in Section 3. 

· The UE optional behaviour should be allowed when CSI is transmitted with PUSCH in the first subframe during sudden extension of Active Time. 

· Clarify the definition of drx-InactivityTimer : Specifies the number of consecutive PDCCH-subframe(s) after the UE receives a PDCCH indicating an initial UL or DL user data transmission for this UE.
Proposal 2: If the above changes are not agreeable, RAN2 should consider changing starting time of drx-InactivityTimer which does not require any further handling to resolve these issues.  
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