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1. Introduction
RAN1 had some discussion on the fallback operation of an ePDCCH-configured UE in RAN1#68 meeting. The purpose of the fallback operation is to provide reliable communications even when the configuration for communication at a time instance is not fully synchronized between eNB and UE. As various parameters are expected to be configured to an ePDCCH-configured UE, it is important to design a proper fallback operation with ePDCCH. This contribution discusses how to support the fallback operation for a UE configured with ePDCCH.
2. Discussion
Fallback operation is needed to cope with the misalignment of configurations between eNB and UE. For any reconfiguration triggered by higher layer signaling, there is a risk of such misalignment which means that, during some time duration of ambiguity, eNB is not synchronized with the UE regarding whether the new configuration or the old configuration is in use at the UE side. Fallback operation is still able to provide reliable communications in this ambiguous duration by using a set of “fallback configuration” which is independent of the configuration changeable by higher layer.
One typical example of such fallback operation is the PDSCH transmission associated with DCI format 1A. Although different transmission modes have different DCI formats and different PDSCH transmission schemes, DCI format 1A is commonly monitored in all the transmission modes in order to support the fallback operation. As PDSCH uses the same transmission scheme (except for TM9 in MBSFN subframes) if scheduled by DCI format 1A, the eNB and UE can keep reliable communication link during the ambiguous duration caused by reconfiguration of the PDSCH transmission mode. We note that, for a UE configured with ePDCCH, it is not much likely to change its transmission mode frequently. This is because one of the transmission modes based on UE-specific RS (port 7 – 14) will be selected for an ePDCCH-configured UE and there seems no strong need for a frequent changes among the transmission modes having similar properties (e.g., switching between TM8 and TM9) while keeping the configuration with regard to ePDCCH. If the channel environment of an ePDCCH-configured UE is changed much and it is required to configure a TM with quite different property (e.g., change from TM9 to TM4), it is reasonable to configure the UE to monitor the legacy PDCCH.
In this sense, it is our understanding that the use of ePDCCH is something configured by higher layer. Depending on the UE situation, eNB sends higher layer signaling such that a UE monitoring the legacy PDCCH begins to search its DCI on ePDCCH, and vice versa. Also, according to the change of the serving transmission point of the UE, it should be possible to change some attributes of ePDCCH such as the set of ePDCCH PRB pairs, localized/distributed ePDCCH transmission, the used antenna ports, scrambling sequence of DM RS, and so on. It is obvious that some fallback operation is necessary to cope with the ambiguity during the configuration change on ePDCCH and this implies that a UE needs to monitor a “fallback physical control channel” – the legacy PDCCH – in addition to “configured physical control channel.” From this discussion, we can derive the conclusion summarized in the following proposal.

Proposal 1: An ePDCCH-configured UE should monitor the legacy PDCCH for the fallback operation.

We note that this does not mean that ePDCCH is never used for the fallback operation. If higher layer changes some configuration (e.g., change of the scrambling parameter of PDSCH for CoMP) while keeping the same ePDCCH-related parameters, fallback operation can be done based on a distributed ePDCCH (of a high aggregation level, desirably) along with a proper precoder selection (e.g., randomly selected percoder for each eCCE) [1].
If the above proposal is agreed, an ePDCCH-configured UE monitors both ePDCCH and legacy PDCCH. As explained in [2, 3], it is desirable to keep the total number of blind decoding attempts in each subframe in order not to increase the UE implementation complexity and false alarm probability. This implies that the UE blind decoding capability is split into that for the legacy PDCCH and that for ePDCCH.
One consideration point in this blind decoding split is that it is difficult to transmit ePDCCH in some subframes. First, as identified in [4], ePDCCH cannot be transmitted in the center 6 RBs of subframes #0 and #5 due to the collision between UE-specific RS and SSS. This will limit the use of ePDCCH in those subframes in a narrowband system. Second, no OFDM symbol may be available for ePDCCH in TDD special subframes with the shortest DwPTS configuration (i.e., special subframe configurations #0 and #5 in the normal CP and #0 and #4 in the extended CP) 
. It is natural to monitor the legacy PDCCH in those subframes where ePDCCH cannot be transmitted, and this implies that the principle of TDM needs to be applied to the split of a UE’s blind decoding capability. In other words, the entire subframes are partitioned into two subsets and an ePDCCH configured-UE monitors the configured ePDCCH in a subset while monitoring the legacy PDCCH in the other set. If this TDM principle is generalized such that some configurability is given, the eNB can use the subset in which the legacy PDCCH is monitored for the fallback operation. 
Any other type of blind decoding split can be considered in addition to the above TDM approach. This issue is also related to the common search space (CSS) definition for an ePDCCH-configured UE. If CSS is defined on ePDCCH, the above TDM approach can be applied to the CSS as well. Several possibilities can be considered if CSS is not defined on ePDCCH.
1) No CSS is defined in a subframe in which ePDCCH is monitored.

This approach is beneficial in that a UE does not need to monitor both physical layer control channel types in a single subframe, which will simplify the UE implementation. The blind decoding capability for the CSS can be borrowed to try additional decoding attempts in the USS. One drawback is that the use of ePDCCH is limited to a subset of subframes.
2) UE monitors CSS in the legacy PDCCH while reading USS in ePDCCH.

This approach implies that the blind decoding capability is further split even in a subframe configured to monitor ePDCCH. This allows more flexibility in using PDCCH and ePDCCH.  Once such a search space based blind decoding split is introduced in every subframe, no additional difficulty is expected in adopting additional ways of split like the PDCCH/ePDCCH separation based on the DCI format, aggregation level, etc. One additional benefit of introducing such more flexible split is that the features of the legacy PDCCH can be used when the ePDCCH design is not able to provide sufficient frequency/spatial diversity gain or not able to be used for the transmission of a large transport block.
The discussion so far can be summarized in the following proposal:

Proposal 2: The blind decoding capability of a UE is split into that for PDCCH and that for ePDCCH. At least the time-domain split is supported so that UE monitors PDCCH in a subset of subframes while monitoring ePDCCH in the other subframe subset. 

3. Conclusion
This contribution discussed how to support the fallback operation of an ePDCCH-configured UE. The following proposals were made:
Proposal 1: An ePDCCH-configured UE should monitor the legacy PDCCH for the fallback operation.

Proposal 2: The blind decoding capability of a UE is split into that for PDCCH and that for ePDCCH. At least the time-domain split is supported so that UE monitors PDCCH in a subset of subframes while monitoring ePDCCH in the other subframe subset.
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� We note that this issue may disappear in the new carrier type if the collision between UE-specific RS and PSS/SSS is avoided and ePDCCH resources are defined even in special subframes with the shorted DwPTS configuration.
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