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Discussion and decision
1. Introduction
In RAN1#66bis the decision to develop an enhanced control channel was taken. This was based on the motivations and scenarios seen as important by a majority of the companies [1]. In [2] the multiplexing of E-PDCCH and PDSCH is treated. This contribution discusses the search space solutions for TDM based E-PDCCH.

2. Search space design
To simplify the process of designing the E-PDCCH search space we should reuse the same methodology as in Rel-8/10 with starting positions, aggregations levels and blind decoding as much as possible. But rather than having a randomized search spaces as for the PDCCH, a configurable search spaces with frequency selective E-PDCCH candidate positions is is the preferred solution for E-PDCCH. The configuration of the search spaces is based on the CSI feedback the eNB receives from the UEs. Such design will allow E-PDCCH to meet the agreed requirements to support both frequency selective scheduling and frequency domain ICIC. 

Most companies have also earlier stated that the R-PDCCH could be some kind of a starting point for the E-PDCCH design. One of the features in R-PDCCH is UE-specific configurable search spaces and this appears to be a very attractive solution also for E-PDCCH. Perhaps configurable search spaces are even more important for E-PDCCH as the channel characteristics are more dynamic in terms of frequency selectivity and rank.

Localized and beamformed E-PDCCH transmission are the main advantage over legacy PDCCH so they should be the default assumption for E-PDCCH design. As legacy control is always available, frequency diverse control transmission can be achieved using the PDCCH so it is not seen as a very important E-PDCCH function. Therefore we propose to define the search space by the combination of potential starting locations, distance between starting locations, aggregation levels as well as DM RS-port, -sequence and number of streams. Furthermore, the frequency diversity options will make it difficult to maintain the desire to let unused E-PDCCH resources be used for PDSCH transmissions so it has a lower priority in this design and is for FFS.
Aggregations of 1, 2 or 4 PRBs are the starting point and aggregations of 8 PRBs are FFS. If four OFDM symbols are used for control then one PRB corresponds to 38 REs, which corresponds well with one CCE used by the PDCCH. It is assumed that a UE assumes a primary DM RS sequence for an E-PDCCH either as a semi-static configuration or as dynamic parameter given by the search space.
As the search space is UE specific it is possible to configure different DM RS sequences for different UEs. This is useful for supporting MU-MIMO. Assuming that a sufficiently large set of sequences are available there would be little need for dynamically indicating SCID. The advantage is that the UE would not need to include multiple DM RS sequences into the search space. The drawback is that it is difficult to support orthogonal DM RS among spatially multiplexed users because the DM RS port is semi-statically allocated. On the other hand, the Rel-10 investigations did not reveal large performance differences between MU-MIMO operated with orthogonal or quasi-orthogonal RS ports.

If support for Rel-10 style MU-MIMO is seen necessary we do have the option to include in the search space additional blind decoding of DM RS ports and the Rel-10 DMRS sequence identifier nSCID but the impact on E-PDCCH reliability would need thorough investigation.

As stated earlier, we do not see a need for common control for E-PDCCH and therefore there is correspondingly no need for a common search space. In, Figure 1 an example of a search space realization for four UEs is shown. In this illustration, the PRB starting locations support an allocation size of 1, 2 or 4 PRBs. One feature for the locations of the E-PDCCH candidates is that it is possible to obtain positions that are distributed in the frequency domain, even if that is not our primary target.. Hence, we suggest that equidistant sampling in the frequency domain is used for the starting positions of E-PDCCH candidates.
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Figure 1. Search space example for E-PDCCH

As there might be more UEs than search space positions some UEs share some of the positions. All UEs search for their E-PDCCH candidates on the given positions using parameters according to the search space table. If a parameter is not given by the search space table it must be blindly decoded. As shown in the figure all UEs only search one specific layer for E-PDCCH using single DM RS sequence. 
This search space approach keeps the number of blind decoding low and insures the reliability of the E-PDCCH as there is no need for the UE to blindly decode DM RS port and/or sequence. The overall target is to keep the number of blind decoding below twenty for the E-PDCCH.

Proposal 1:
· The search space for E-PDDCH is UE specific and is defined in a localized way, with equidistant starting positions for the UEs for best sampling of the frequency domain resources. The REs for the starting position can have E-PDCCH with aggregation levels 1, 2 and 4. 8 is FFS

· The search space is semi statically configured in a UE specific way

· All search space positions uses a semi-statically configured DM RS -port and -sequence
3. Conclusions
This contribution has defined a baseline approach for TDM type of E-PDCCH. 
To summarize we repeat the proposals.

Proposa1 1:
· The search space for E-PDDCH is UE specific and is defined in a localized way, with equidistant starting positions for the UEs for best sampling of the frequency domain resources. The REs for the starting position can have E-PDCCH with aggregation levels 1, 2 and 4. 8 is FFS

· The search space is semi statically configured in a UE specific way

· All search space positions uses a semi-statically configured DM RS -port and -sequence
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