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1 Introduction

In RAN1#68 meeting, common search space on ePDCCH for common signal was discussed. Email discussion was agreed until RAN1#68bis to:

· clarify potential requirements for CSS

· clarify the relevant scenarios and aim for common understanding of gain/pain in relevant scenarios

· aim for consensus on whether CSS needs to be supported on ePDCCH. 

On the other hand, localized and distributed transmission of ePDCCH was discussed. 

Therefore, in the contribution, we would like to provide our view on common search space on ePDCCH and ePDCCH search space design,
2 ePDCCH common search space
In Rel-8/9/10, each UE monitors a UE specific search space and the common search space in PDCCH control region. Common search space is shared by all UEs. The common search space is used for common control information, such as SIB, paging, RACH response and power control and for the handling of the search space conflict among UEs (i.e. to avoid blocking). 

For Rel-11 UEs that are configured to read the ePDCCH, a common search space for DCI format with CRC scrambled by SI-RNTI, P-RNTI, RA-RNTI may be necessary in following cases:
· Low cost MTC device, which may only receive parts of the bandwidth, and therefore might be unable to receive the legacy PDCCH, which is distributed across the whole bandwidth. However, we are not convinced of the merit to omit the legacy PDCCH reception from cost perspective.
· Idle mode UE in HetNet with 9 dB CRE. If idle mode is supported by HetNet with 9 dB CRE, the UE is required to read SI, paging and RACH response up to -9 dB geometry. However we think a CRS canceller based method can work also for the common channels of PDCCHs.
On the other hand, in Release 11 a UE can always monitor the common search space on PDCCH with aggregation levels 4 and 8. Therefore, we prefer not to introduce a common search space for SI-RNTI, P-RNRI, RA-RNRI on ePDCCH in Release 11. We further think that there is no inconsistency risk if such a common search space is introduced later for ePDCCH. Instead, we think the following two points need to be taken care of in Release 11:

1) To have sufficient flexibility for the search space design for common operation of PRB level ICIC among different release UEs
2) Sufficient CRC size like 20 or 24 bits order to avoid false detection discussion when blind decoding trials are increased..
For ePHICH transmitted in the common search space on ePDCCH, our current preference is no PHICH/ePHICH is available in Release 11. Overall, we think this is a similar case to the new carrier type and the Release 10 Un discussion with respect to PHICH. In our view, it is sufficient to always use adaptive retransmissions by means of PDCCH/ePDCCH.
Conclusion:

· Common search space for SI-RNTI, P-RNTI and RA-RNTI on ePDCCH is not necessary to be designed or taken into account in Release 11.
· PHICH/ePHICH is not necessary for ACK/NACK feedback corresponding to ePDCCH in Release 11. 
3 ePDCCH search space design
3.1 Proposed design

We propose to define and configure the search space by a combination of different patterns as for example shown in Figure 1. A pattern defines the relation between ePDCCH candidates and corresponding eCCEs on the logical level. The configuration is UE-specific and by higher layers, where a search space configuration consists of one or multiple pattern configurations, each of which contains:

· Pattern ID # (indicating which pattern is chosen)

· Antenna port (indicating which DM-RS port(s) is/are used to demodulate the candidates within the pattern)

· Logical RB set (determining on which logical RBs the eCCEs should be detected. The mapping of logical RBs to PRBs needs to be further defined.)
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Figure 1: An example of pattern design
The design could have following characteristics:
· Each pattern contains candidates of one or two adjacent aggregation levels (from the set of levels 1, 2, 4, 8)
· Several patterns have the same aggregation levels, and the candidates of each aggregation level are non-overlapping on the same aggregation level (pattern #0 and #1, pattern #2 and #3)
· Several patterns have one aggregation level in common, and the candidates of the aggregation level are non-overlapping among those patterns. (pattern #0 and #3 for aggregation level 2, pattern #1 and #2 for aggregation level 2)
· There is one pattern that contains only aggregation level 8 candidates (pattern #4).

· In each pattern, within the same aggregation level an eCCE is used at most for one BD candidate. (e.g. the first and second candidate for aggregation level 2 in pattern #1 are on completely different eCCEs)
Such a design should offer the following desirable benefits:

· Avoids the complexity of full flexibility, while providing sufficient choices for different scenarios with limited number of blind decoding trials

· Stationary cell-center UEs can be configured with more lower aggregation level candidates

· Stationary cell-edge UEs can be configured with more higher aggregation level candidates

· Middle/higher velocity UEs can be configured with a balance of low and high aggregation levels

· Can obtain diversity at least for level 8 by proper separation of the configured RBs
· Allows packing (multiplexing) of different DCI messages in the same PRB(s)

· Particularly DL and UL assignments to the same UE should be possible to be transmitted in the same PRB pair

· Avoids blocking of candidates by different DCI messages (from the same or different UE)

Figure 1 shows an example of a versatile pattern design, where an RB pair is assumed to be composed of 4 logical eCCEs, and the aggregation level is based on eCCEs. In the example, Pattern 0 and Pattern 1 have non-overlapping candidates on aggregation level 1 and 2; Pattern 0 and Pattern 3 have non-overlapping candidates on aggregation level 2.
How to map the logical eCCE to physical RE level in order to support localized or distributed transmission can be independent from the pattern design, as the pattern design is limited to the logical level. To support distributed transmission, diversity methods like SFBC, random beamforming (RBF) or DVRB mapping can be utilized. Localized or distributed transmission could be configured as a function of aggregation level or BD candidate number, or it can be configured for each pattern. The details of how to support localized and distributed transmission can be found in [1].

4 Proposals
This contribution discussed some aspects of ePDCCH search space design. Based on the discussion, the following proposals are made:
· Common search space for SI-RNTI, P-RNTI and RA-RNTI on ePDCCH is not necessary to be designed or taken into account in Release 11.

· PHICH/ePHICH is not necessary for ACK/NACK feedback corresponding to ePDCCH in Release 11. 

· Define and configure the search space by a combination of different patterns
· A pattern defines the relation between ePDCCH candidates and corresponding eCCEs on the logical level

· The search space configuration is UE-specific and by higher layers, where a search space configuration consists of one or multiple pattern configurations, each of which contains:

· Pattern ID # (indicating which pattern is chosen)

· Antenna port (indicating which DM-RS port(s) is/are used to demodulate the candidates within the pattern)

· VRB set (determining on which VRBs the eCCEs should be detected)
· The available patterns are designed to allow
· Sufficient choices for different scenarios with limited number of blind decoding trials
· Packing (multiplexing) of different DCI messages in the same PRB(s)
· Avoidance of blocking of candidates by different DCI messages (from the same or different UE)
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