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1
Introduction
In RAN1#66bis, it was agreed as a working assumption that an enhanced physical downlink control channel (e-PDCCH) will be introduced in Rel-11. In this contribution, we share our views on search space design for e-PDCCH. 
2
Discussion
In RAN1#66bis, it was agreed as a working assumption that an enhanced physical downlink control channel (e-PDCCH) will be introduced in Rel-11, based on considerations from CA enhancement new carrier type, CoMP and DL MIMO. In particular, the e-PDCCH should be:

· able to support increased control channel capacity

· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

Desirable characteristics of e-PDCCH also include the ability to be scheduled frequency-selectively, and the ability to mitigate inter-cell interference.

In Rel-8/9/10, a UE needs to monitor a common search space and a UE-specific search space in the legacy control region. The common search space is intended for all or a group of UEs in the cell and may convey broadcast, multicast and unicast scheduling information. Each search space consists of a certain number of PDCCH decoding candidates for a UE. Further, each search space is a function of an aggregation level, where each aggregation level N has N CCEs and each CCE has 36 resource elements.  There are in total 22 decoding candidates:
· Common search space (a total of 6 decoding candidates)
· Aggregation level 4: 4 decoding candidates

· Aggregation level 8: 2 decoding candidates

· UE-specific search space (a total of 16 decoding candidates)
· Aggregation level 1: 6 decoding candidates

· Aggregation level 2: 6 decoding candidates

· Aggregation level 4: 2 decoding candidates

· Aggregation level 8: 2 decoding candidates

Each decoding candidate is associated with a certain number of distinct downlink control information (DCI) sizes. In particular, for the common search space, one decoding candidate is associated with two distinct DCI sizes (one is associated with DCI format 1C and the other with 1A/0). For the UE-specific search space, one decoding candidate is associated with either two distinct sizes (one with 1A/0, and the other DL transmission mode dependent) if there is no UL MIMO, or 3 distinct sizes (additionally with DCI format 4) otherwise. This leads to a max number of blind decodes of either 44 (=6x2 + 16x2) or 60 (=6x2 + 16x3).
The common search space has a fixed location and is common to all the UEs. On the other hand, the UE-specific search space depends on UE ID, a subframe index, and the aggregation level. The starting location of the UE-specific search space is generally different among different UEs. Some hashing function is performed at the UE leading to some randomness of the starting location for a UE.

In Rel-10, R-PDCCH is supported in the backhaul for half-duplex relay nodes (RNs). The same design philosophy of legacy PDCCH is largely maintained in the R-PDCCH design. Each RN also monitors four possible aggregation levels with the same number decoding candidates per level as in the UE case. However, two distinct differences are observed:
· There is no common search space for R-PDCCH. This is due to the assumption that there are a limited number of relay nodes per cell.
· For the non-interleaving based R-PDCCH, the starting location of the UE-specific search space is by configuration and is the same for all aggregation levels.
For the e-PDCCH design, note that:
· Different from relay backhaul, the number of UEs monitoring e-PDCCH can be very large, and different UEs may experience various channel conditions. 

· Availability of legacy controls. A half-duplex RN has no access to legacy control when operating as a relay node, while a Rel-11 UE can still access the legacy control region in most, if not all, cases.

Due to the availability of legacy control, it is not necessary for a UE to monitor the common search space in e-PDCCH. Note that even if the common search space is designed for e-PDCCH, it has to follow transmit diversity (vs. beamforming) based transmissions since it targets for a group of UEs. In addition, some ACK/NAK design (or enhanced PHICH) for supporting UL data transmissions would also be necessary and should be combined with the common search space design if legacy control is not used by the UE. 

As a result, a Rel-11 UE would monitor the legacy common search space, UE-specific search space in the legacy control region and UE-specific search space in the new region. Due to the constraint of 16-bit CRC protection, any increase of the maximum number of blind decodes would lead to increased false PDCCH alarm probability. In addition, additional UE implementation complexity is inevitable. Therefore, it is desirable to maintain the same maximum number of blind decodes as much as possible.
It is important that a UE has to be able to communicate with the eNB at all times. It is expected that the presence of e-PDCCH in Rel-11 for a UE is by configuration. For any configuration, there is a risk of an ambiguity duration during which the eNB may be mis-aligned with the UE regarding whether the new configuration or the old configuration is in use by the UE. Thus, it is necessary to preserve some PDCCH decoding at the legacy region to ensure seamless operation under the presence of e-PDCCH for a UE.
In addition, depending on the e-PDCCH structure, it is beneficial to limit the number of blind decodes in e-PDCCH in order to facilitate early decoding for the UE in order to meet the tight ≤3ms processing delay imposed by DL H-ARQ operation.

Therefore, it is necessary to split the number of blind decodes between the legacy PDCCH and the e-PDCCH at the UE. The split can be in terms of the decoding candidates per aggregation level, the aggregation levels, and/or DCI formats. For instance, a UE can monitor only DCI formats 1A and 0 in the legacy region, and the mode-dependent DCI formats in the new region. The DCI formats 1A and 0 in the legacy region provide robust/fallback operations, while the mode-dependent DCI formats in the new region offer the ability to exploit channel conditions more aggressively, especially given that the mode-dependent DCI formats have larger DCI sizes than the compact formats 1A/0.
3
Conclusions 

In this contribution, we discussed the search space design for e-PDCCH. In particular, we propose that:

· e-PDCCH does not carry common search space
· A Rel-11 UE monitors both the legacy PDCCH and the new e-PDCCH

· The maximum number of blind decodes for a Rel-11 UE should be comparable to that of a Rel-10 UE

· The blind decodes are split between legacy PDCCH and e-PDCCH, possibly in the format of aggregation levels, decoding candidates per aggregation level, and/or DCI formats.
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