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1
Introduction
In RAN1#70 and RAN1#70bis, good progress was made in EPDCCH search space and aggregation level design. In this contribution, we investigate some remaining design details of search space and aggregation levels for EPDCCH.
2
Discussion
In Rel-11, both localized and distributed EPDCCH is supported. In RAN1#70 and RAN1#70bis, good progress was made in EPDCCH search space and aggregation level design. In this contribution, we focus on the following remaining details:

· How to split the number of decoding candidates for a UE between different EPDCCH sets?
· Detailed search space design for localized EPDCCH
· Detailed search space design for distributed EPDCCH
· Configuration of EPDCCH resource

2.1
Split of EPDCCH Decoding Candidates
It was agreed that the maximum number of blind decodes for EPDCCH does not increase compared with that for legacy PDCCH. Due to the existence of up to K=2 EPDCCH sets and the possibility of supporting localized and distributed EPDCCH in the same subframe, the total number of decoding candidates in the UE specific search space, namely, 16, has to be split between different EPDCCH sets and/or localized and distributed EPDCCH. 
In designing the split of the decoding candidates between the two sets, there are the following open issues:

· Should the total max number of decoding candidates over the K sets for a given aggregation level be fixed or not?

· Should the split be dependent on the DCI formats?
Due to the variance of the resource availability for EPDCCH because of the presence of other signals, there are motivations to split the decoding candidates flexibly among different aggregation levels and/or to split in a DCI format dependent manner since the DCI size is DCI format dependent. Note that the resource availability is highly dependent on the presence of other signals and can vary in a wide range. For instance, in an MBSFN subframe with one control symbol, the number of REs per eCCE can be as high as 33. If the number of available REs for EPDCCH in a PRB pair is Xthresh = 104, only 26 REs are available per eCCE. On the other hand, if the number of REs available per PRB pair is <104, up to 25 REs are available per eCCE and the supported aggregation levels are generally doubled. In the extreme case of 4 CRS, 3 control symbols, and 40 CSI-RS REs, only 56 REs are available in a PRB pair, resulting in 14 REs per eCCE. The split would also ideally be subframe-dependent since the resource availability for EPDCCH is subframe dependent. Therefore, it is very difficult to have an optimal split covering all possible scenarios. If such flexibility is deemed necessary, RRC signalling would be a more effective solution. However, in RAN1#70bis, it was agreed that no RRC configuration is introduced for the split. As a result, it is also reasonable not to optimize the split among different aggregation levels and not to support DCI format dependent split. 

Instead, the split of the decoding candidates should be purely based on the size of each EPDCCH resource set, and the mode (localized or distributed) for EPDCCH. A set with a larger size should generally have a larger number of decoding candidates. It should also be specified that there should be at least one decoding candidate in any set.
Therefore, we propose:

· Proposal 1: The split of EPDCCH decoding candidates between K EPDCCH resource sets is based only on the set size and the EPDCCH mode (localized or distributed), independent of the DCI formats. The total maximum number of decoding candidates over the K sets is fixed for a particular aggregation level (e.g., {6, 6, 2, 2} for aggregation levels {1, 2, 4, 8}).
2.2
Detailed Search Space Design for Localized EPDCCH
Generally speaking, the same legacy PDCCH search space design should be used as the baseline, namely:
· Tree structure

· Random start eCCE index for a given aggregation level

· Logically contiguous decoding candidates for a given aggregation level

One issue is that whether the decoding candidates for a given aggregation level should be physically contiguous or not. Physically contiguous makes it possible to better utilize channel state information for a UE, especially when the channel state is relatively stable. It may also help improve channel estimation and interference estimation, particularly when DL and UL grants for the UE are located in the same PRB pair. On the other hand, physically non-contiguous may help exploit channel state information when a preferred subband is not readily available or stable. One way of implementing physically non-contiguous decoding candidates is to introduce a pseudo-random mapping, similar to the legacy PDCCH case, from a set of configured physical eCCEs to a set of logically eCCEs, as illustrated below:
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The decoding candidates for a given aggregation level can then be a set of logically contiguous eCCEs. With the pseudo-random mapping, the set of decoding candidates for a given aggregation level may or may not be physically contiguous.
To sum up, we propose:

· Proposal 2: For localized EPDCCH, the same legacy PDCCH search space design is used. In particular, the starting eCCEs indices for different aggregation levels should be uncorrelated. A pseudo-random mapping function resulting in a set of logical eCCEs may also be considered.

2.3
Detailed Search Space Design for Distributed EPDCCH
Similarly, the same legacy PDCCH search space design should be the baseline for distributed EPDCCH, with eREGs as the building block. Again, the starting eCCEs of different aggregation levels should be uncorrelated. 

One issue is that whether eCCE in a PRB pair should be further considered as a constraint for constructing search space for distributed EPDCCH, in order to enable inter-cell interference coordination on a per eCCE level.  However, it is questionable whether such finer granularity coordination (compared with per PRB pair level) is necessary, especially given that DM-RS itself cannot be readily coordinated on a per eCCE level. As a result, it is preferable that eCCE based on inter-cell interference coordination is not supported in Rel-11.
To sum up, we propose:

· Proposal 3: For distributed EPDCCH, the same legacy PDCCH search space design is used. In particular, the starting eCCEs indices for different aggregation levels should be uncorrelated. eCCE based on inter-cell interference coordination is not supported in Rel-11.
2.3
Configuration of EPDCCH Resource

In Rel-10, the indication of R-PDCCH resource follows the same resource allocation type as DL PDSCH resource assignments. Such mechanism can be supported for EPDCCH as well. Alternatively, a bitmap based EPDCCH resource configuration can be supported, which is more flexible, although with more RRC signalling overhead. The bitmap based EPDCCH resource allocation can have a granularity of PRB pairs.  We slightly prefer the bitmap based approach.
· Proposal 4: EPDCCH resource is configured by a bitmap, with PRB pair as the resource granularity.
3
Conclusions 

In this contribution, we discussed some remaining details of search space and aggregation levels, and the following is proposed:
· The split of EPDCCH decoding candidates between K EPDCCH resource sets is based only on the set size and the EPDCCH mode (localized or distributed), independent of the DCI formats. The total maximum number of decoding candidates over the K sets is fixed for a particular aggregation level (e.g., {6, 6, 2, 2} for aggregation levels {1, 2, 4, 8}).

· For localized EPDCCH, the same legacy PDCCH search space design is used. In particular, the starting eCCEs indices for different aggregation levels should be uncorrelated. A pseudo-random mapping function resulting in a set of logical eCCEs may also be considered.
· For distributed EPDCCH, the same legacy PDCCH search space design is used. In particular, the starting eCCEs indices for different aggregation levels should be uncorrelated. eCCE based on inter-cell interference coordination is not supported in Rel-11.
· EPDCCH resource is configured by a bitmap, with PRB pair as the resource granularity.
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