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1 Introduction
Enhanced PDCCH (ePDCCH) has recently been introduced by RAN1 and agreed to be part of Rel-11. In this contribution, we discuss impacts of ePDCCH on the MAC specification. 
2 Background
The overall goal is to decouple the control channel structure of the cell. By this is it possible for example to avoid interference problems of the legacy control channels in heterogeneous network deployments, increase the capacity of the legacy control channels and enable configurable control signal bandwidth.

ePDCCH has the following characteristics: 

1. carries only the UE specific search space and not common search space in Rel.11
2. is transmitted in the “PDSCH region” by multiplexing it in frequency with PDSCH in the subframe. ePDCCH spans over both slots in the subframe

3. use DM-RS for demodulation

4. can be transmitted as localized to one PRB pair or distributed over multiple PRB pairs 

5. can operate in open loop (random precoding) or in closed loop operation (UE specific precoding)

6. can be MU-MIMO multiplexed (transparent to UE)
The UE can be configured to which subframes it should monitor its UE Specific Search Space in ePDCCH instead of in PDCCH. However, details of the configuration are not decided yet. In addition, the UE is not expected to receive ePDCCH in PRB pairs containing PBCH, PSS, SSS or in special subframes that do not support DMRS. ePDCCH is supported both in LTE FDD and TDD modes.
3 ePDCCH impact on MAC specification
3.1 General principles

The MAC specification refers to the PDCCH in multiple places. In the context of Random Access procedure and HARQ operation, PDCCH transmission addressed to a certain RNTI is used to indicate the DL assignment or UL grant received from the lower layers. On the other hand, in the context of the Random Access procedure and DRX, PDCCH is referenced when the UE is instructed to monitor the control channels in lower layers. 

Already in Rel-10, from MAC specification point of view, PDCCH does not refer only to the actual PDCCH channel in the physical layer, but also to R-PDCCH in the context of relays. R-PDCCH signal between the DeNB and the RN is similar to PDCCH but transmitted after PDCCH so that the RN is able to transmit normal PDCCH to its access UEs in the beginning of each subframe and after that receive R-PDCCH from the DeNB without risk of self-interference. 
On the other hand, terminology “PDCCH-subframe” is used in the MAC specification to indicate 1) when the UE shall monitor PDCCH and 2) when subframe is counted as a part of DRX timers and when not. 
In order to minimize the impacts of ePDCCH in MAC specification and follow the principles used for R-PDCCH, it would be clearest to specify that PDCCH can be also ePDCCH in the MAC level. 

Proposal 1 Add ePDCCH to the definition of PDCCH.
3.2 Detailed evaluation

In this subsection, we discuss in detail different procedures of the MAC specification and how they are affected due to introduction of ePDCCH.
3.2.1 RA procedure

The Random Access procedure consists of the following DL messages

1. Random Access Response (Msg2). This message is addressed to RA-RNTI which is in common search space.

2. Contention resolution (Msg4). This message is addressed to either C-RNTI or Temporary C-RNTI and thus can be located either in Common Search space or User Specific Search Space (UE-SS).

It can be seen that for RAR message, the UE needs to monitor only legacy PDCCH because CSS is only in that. However, in the MAC layer there is no need to separate PDCCH and ePDCCH in this specific case. Based on procedures specified in [1], the UE will know from which search space RAR can be found. Furthermore, in [1] it is specified that when RA-RNTI is expected, UE is not required to decode a PDSCH indicated by a PDCCH with a CRC scrambled by C-RNTI or SPS C-RNTI.
During contention resolution, both in case when the UE has a C-RNTI and when the UE has a temporary C-RNTI, the Msg4 can be either in CSS or in UE-SS.  Thus also the UE needs to monitor both PDCCH and ePDCCH.  
3.2.2 DRX behaviour

The MAC specification offers a DRX mechanism which allows the UE to stop monitoring PDCCH in order to save power. When ePDCCH is introduced in Rel-11, it should be considered how power saving is enabled for this channel. There are three main alternatives for this
1. Disregard ePDCCH in the DRX operation specified in 36.321. Instead, it may be described e.g. in RAN1 specifications when the UE needs to monitor ePDCCH.

2. Introduce a separate DRX mechanism for ePDCCH. This mechanism could follow same principles as the existing DRX, but the timers would be different and independent.

3. Apply the existing DRX procedure for both PDCCH and ePDCCH.

Because in subframes when the UE needs to monitor ePDCCH, also it needs to monitor PDCCH, it is natural to apply a common DRX mechanism for both PDCCH and ePDCCH. This means that when the UE monitors PDCCH, it also monitors ePDCCH. This also fits to the general approach to specify ePDCCH as a subcategory of PDCCH in the MAC layer.
Proposal 2 The existing DRX procedure applies to PDCCH and ePDCCH.
In DRX operation, the UE starts the drx-InactivityTimer when it has detected UL/DL assignments for new data in PDCCH. When a common DRX procedure is applied for PDCCH and ePDCCH, the grant/assignment might be signalled in the ePDCCH also. As discussed in R2-123977, in case of ePDCCH, the UE knows later if new data has been scheduled as compared to the legacy PDCCH. Most probably the UE does not know yet in the beginning of the next subframe if it has received a grant in the previous subframe. However, we think there is no need to address this in the MAC layer specification. Also in Rel-8 it might be possible that decoding of PDCCH takes longer than 1 ms. In this case, the UE cannot go to sleep in the following subframe. The same principle as is used in Rel-8 can be applied: the UE shall remain Active until it knows that it has not received any grant. In other words, the UE proactively starts drx-InactivityTimer just in case there is a grant for it.
Proposal 3 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.
4 Conclusion
In this contribution, we have discussed impacts of ePDCCH on MAC specification and made the following proposals:

Proposal 4 Add ePDCCH to the definition of PDCCH.
Proposal 5 Common DRX procedure for PDCCH and ePDCCH applied
Proposal 6 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. 
The corresponding MAC CR is given in R2-124900.
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