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Introduction

In the last RAN2 #79bis meeting, there was a short discussion on MAC impact to support ePDCCH [1]. Since that was the first discussion on ePDCCH, companies were invited to study further for the RAN2 #80 meeting, with a tentative baseline as shown below.
	· Add ePDCCH to the definition of PDCCH.
· Common DRX procedure for PDCCH and ePDCCH applied.
· The UE shall remain active until it has decoded PDCCH and ePDCCH to find out if it has received UL/DL assignment for new data.



In this contribution, we discuss each tentative baseline in detail as well as other issues we identified.
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Identified Issues for ePDCCH
Both of PDCCH and ePDCCH carry UL/DL scheduling assignments, but as ePDCCH is spanned over one subframe like PDSCH, it is different from PDCCH that the decoding result of ePDCCH is obtained in the next subframe after ePDCCH is received. This creates some issues in terms of DRX operation, and we identified issues with current MAC specification as follows. 

- While the decoding of ePDCCH is in process, is the UE kept in Active Time or not?

- For HARQ RTT Timer, when does HARQ RTT Timer start?

- In MAC specification, how to capture ePDCCH?

Each issue is discussed further in the following section. 
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Issue 1: While the decoding of ePDCCH is in process, is the UE kept in Active Time or not?

If ePDCCH indicating an initial UL or DL user data transmission is received in the subframe n, the UE cannot know the decoding result in the same subframe n, so the UE cannot start drx-InactivityTimer in the next subframe n+1. It means that the UE does not monitor the UL/DL scheduling assignments in the subframe n+1 if the subframe n is the last subframe of the Active Time. Then, the UE will lose PDCCH or ePDCCH transmitted in the subframe n+1 even if the ePDCCH received in the subframe n actually indicates an initial UL or DL transmission. In order to make the UE not to lose scheduling opportunity, some companies ([2][3]) proposed to keep the UE in Active Time until the decoding result of ePDCCH is obtained. 
However, we think this mechanism makes the UE to remain in Active Time forever. For example, if subframe n is the last subframe of Active Time, this mechanism makes the UE to be in Active Time in subframe n+1, and in subframe n+1, this mechanism also makes the UE to be in Active Time in subframe n+2, and so on. Thus, we think the UE shall not be forced to extend Active Time even though the decoding result is yet to be obtained. 
We think that the UE configured with ePDCCH can just follow normal behaviour defined for PDCCH. That is, if the UE receives ePDCCH indicating an initial UL or DL user data transmission, the UE starts drx-InactivityTimer after successfully decoding ePDCCH. For example, if the UE receives ePDCCH in the last subframe of Active Time (n), the UE goes to non-Active Time and completes decoding ePDCCH in the next subframe (n+1). Since the result of decoding ePDCCH is obtained in this subframe (n+1), the UE starts drx-InactivityTimer and goes to Active Time in the next subframe (n+2).
This dynamic change of Active Time may seem complex, but it does not change any of UE’s PDCCH monitoring behaviour and definition of drx-InactivityTimer regardless of PDCCH or ePDCCH. Moreover, the smart eNB implementation can easily avoid the problem by not transmitting ePDCCH in the last subframe of the Active Time.

Proposal 1. The UE shall not extend Active Time even though the decoding result is yet to be obtained due to decoding delay of ePDCCH, i.e., when subframe n is the last subframe of the Active Time and the ePDCCH is received in subframe n, the subframe n+1 is not Active Time.
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Issue 2: When does HARQ RTT Timer expire?

For PDCCH, the HARQ RTT Timer starts in the subframe where PDCCH indicating DL data transmission is received. That is, the HARQ RTT Timer starts in the subframe where the decoding result of PDCCH is obtained. If we apply the same rule to ePDCCH, the HARQ RTT Timer will start in the subframe where the decoding result of ePDCCH is obtained (n+1), which is the next subframe of the subframe ePDCCH is received (n).

On the other hand, if the HARQ RTT Timer is set to Xrtt (subframe), for PDCCH, the HARQ RTT Timer expires Xrtt subframes after the timer starts. Thus, the UE starts monitoring PDCCH for DL retransmission from the subframe n+Xrtt. Applying the same rule for ePDCCH with the same timer value, the UE will start monitoring ePDCCH from the subframe n+1+Xrtt. This implies that if the UE receives ePDCCH indicating DL data, there will be an avoidable one subframe of delay for receiving retransmission due to ePDCCH decoding process; accordingly, the scheduling opportunity will be reduced. In principle, we think that additional feature such as ePDCCH should not be introduced at the cost of performance degradation. It seems desirable/logical that the UE should be able to receive DL retransmission in time even if ePDCCH is configured for the UE.
Proposal 2. Regardless of whether the UE is configured with ePDCCH or not, the UE should be able to receive DL retransmission in time, i.e., if the UE receives ePDCCH for DL data transmission in subframe n, the DL retransmission is expected from subframe n+8 for the UE.
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Issue 3: How to capture ePDCCH in MAC?
PDCCH is widely referred across the MAC specification. In order to capture ePDCCH in MAC specification, there can be two approaches as follows.

· Only the definition of PDCCH is modified to cover ePDCCH, and PDCCH is kept used in the other part of the specification.
· Every occurrence of PDCCH is modified to PDCCH/ePDCCH.

We think that the DRX operation, in general, can be applied for both of PDCCH and ePDCCH because both PDCCH and ePDCCH carry UL/DL scheduling assignments and DRX timers govern monitoring behaviour of UL/DL scheduling assignments. Thus, it seems appropriate to have a common terminology to refer both of PDCCH and ePDCCH. Note that “PDCCH” already refers to both PDCCH and R-PDCCH by definition. We think there is no harm to extend the “PDCCH” definition to ePDCCH.
Proposal 3. Only the definition of PDCCH is modified to cover ePDCCH, and PDCCH is kept used in the other part of the specification.
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Conclusion
In this contribution, we address MAC layer issues regarding ePDCCH and propose the following.

Proposal 1. The UE shall not extend Active Time even though the decoding result is yet to be obtained due to decoding delay of ePDCCH, i.e., when subframe n is the last subframe of the Active Time and the ePDCCH is received in subframe n, the subframe n+1 is not Active Time.
Proposal 2. Regardless of whether the UE is configured with ePDCCH or not, the UE should be able to receive DL retransmission in time, i.e., if the UE receives ePDCCH for DL data transmission in subframe n, the DL retransmission is expected from subframe n+8 for the UE.
Proposal 3. Only the definition of PDCCH is modified to cover ePDCCH, and PDCCH is kept used in the other part of the specification.
For Proposals 2 and 3, a related CR is provided in [5]. 
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