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1 Introduction
In previous meeting, search space design was discussed [1-3]. This contribution gives more discussion on search space design for ePDCCH.
2  Discussion
With the current agreed structure of eREG/eCCE, ePDCCH search space should further determined by the indexing of eCCEs, the starting eCCE for search space and the candidate spacing. The indexing of eCCE and eCCE spacing will determine the structure of search space. Starting of search space can be configured by higher layer singaling or hash function similar as Rel-8. Since ePDCCH only transmitted into the configured PRB sets, the starting of search space does not need hash function.  
A ePDCCH PRB set will be either for localized or distributed transmission. To design the above structure, the localized and distributed ePDCCH should be considered with number of aspects
· L-PDCCH Search Space. 
With in 1 PRB set, for continues L-ePDCCH search space, following should be taken into account: 
1） For L-ePDCCH only, PRB cluster should be supported.  Depends on the possible aggregation level, number of contiguous PRB pair for 1 cluster could be 2 or 4.  With in a PRB cluster, one L-ePDCCH candidate should be mapped as fewer PRB pairs as possible.  In one PRB pairs, the L-eCCEs can be ordered by PRB index.  
2） To utilize frequency selectivity, multiple candidates for one aggregation level should be distributed evenly among the whole PRB set. One example could be generating each candidate should be generated in order of PRB within the PRB set, and then round up. 
3） To mitigate the channel estimation complexity, candidates for higher aggregation level and lower aggregation level should be nested. 
4） For multiplexing D-ePDCCH and L-ePDCCH in same PRB set, blocking of each other should be avoided. Then, e-CCE to eREG mapping should be considered with proper design of search space of ePDCCH. For example, if 1 D-eCCE overlap same L-eCCE among all PRBs in the set, candidates of L-ePDCCH should be vary among PRBs. 
Possible L-ePDCCH search space is as following:
Option L-1

All L-eCCE is indexed PRB by PRB within the PRB set. For each aggregation level, different L-eCCE spacing of candidates is defined. From the configured starting candidates, other candidates are sequentially defined. With the example for N=4 and the 4 PRB pairs have systems index of {0, 4, 8, 12}, respectively, we can have:
        Aggregation level = 1: {#0}, {#5}, {#10}, {#15}, {#1}, {#6}, {#11}, {#12}, {#2}, {#7}, {#8}, {#13}, {#3}, {#4}, {#9}, {#14}；

       Aggregation level = 2: {#0, #1}, {#6, #7}, {#8, #9}, {#14, #15}, {#2, #3}, {#4, #5}, {#10, #11}, {#12, #13}；

       Aggregation level = 4: {#0, #1, #2, #3}, {#4, #5, #6, #7}, {#8, #9, #10, #11}, {#12, #13, #14, #15}；

       Aggregation level = 8: {#0, #1, #2, #3, #4, #5, #6, #7}, {#8, #9, #10, #11, #12, #13, #14, #15}；
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Figure 1. L-eCCE definition
Option L-2

The indexing is same as L-1. The L-eCCEs is grouped in size of Aggregation Level. The grouped L-eCCE is block interleaved to make it distributed among different PRB pairs. Search space is defined from a starting candidate on the interleaved L-eCCE groups. The frequency distance between the candidates can be also ensured by this method.
Option L-3

For different N value, K value and Aggregation Level, multiple patterns are defined. eNodeB configure to select patterns for UE. 
The combination of N, K and AL will complicate the standardisation for Option L-3. Option L-2 need perform interleaving of each Aggregation Level. Option L-1 can meet the search space requirement with lower complexity. 
· D-ePDCCH searh space. 
The diversity of D-eCCE is achieved as long as eREG among different PRBs. The exact selection of eREGs within PRB should fully consider multiplexing of L-ePDCCH and D-ePDCCH. 
L-eCCE is preferred to compose by eREGs evenly distributed among PRB. Based on this, D-ePDCCH search space is defined to better multiplex with L-ePDCCH. 
Option D-1
The D-eCCE is chose as for different aggregation levels. The example is base on the same N and PRB set in Option L-1. As illustrated in figure 2, the D-eCCE is composed by 4 eREGs from the 4 different PRB pairs.
       Aggregation level = 1: {#0}, {#5}, {#10}, {#15}, {#1}, {#6}, {#11}, {#12}, {#2}, {#7}, {#8}, {#13}, {#3}, {#4}, {#9}, {#14}；

       Aggregation level = 2: {#0, #1}, {#6, #7}, {#8, #9}, {#14, #15}, {#2, #3}, {#4, #5}, {#10, #11}, {#12, #13}；

       Aggregation level = 4: {#0, #1, #2, #3}, {#4, #5, #6, #7}, {#8, #9, #10, #11}, {#12, #13, #14, #15}；

       Aggregation level = 8: {#0, #1, #2, #3, #4, #5, #6, #7}, {#8, #9, #10, #11, #12, #13, #14, #15}；
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Figure 2. D-eCCE mapping to eREGs, Option D-1
Option D-2

The D-eCCE index is based on the first eREG in the first PRB pair. The search space is sequentially generated by index of D-eCCE. 
        Aggregation level = 1: {#0}, {#1}, {#2}, {#3}, {#4}, {#5}, {#6}, {#7}, {#8}, {#9}, {#10}, {#11}, {#2}, {#13}, {#14}, {#15}；

       Aggregation level = 2: {#0, #4}, {#1, #5}, {#2, #6}, {#3, #7}, {#8, #12}, {#9, #13}, {#10, #14}, {#11, #15}；

       Aggregation level = 4: {#0, #4, #8, #9}, {#1, #5, #9, #13}, {#2, #6, #10, #14}, {#3, #7, #11, #15}；

       Aggregation level = 8: {#0, #4, #8, #9, #1, #5, #9, #13}, {#2, #6, #10, #14, #3, #7, #11, #15}；
[image: image3.png][D-eCCE Index

REG

Index

#0 FRBH#0 + cREG#O | PRB#4 + cREGH#d | PRB#8 + cREGHS [PRB#12 + cREGH1Z
#1 FRB#0 + cREGH#1 | PRB#4 + cREGHS | PRB#S + cREGHO |BRBIIONNSRBGHID
#2 FRB#0 + cREG#2 | PRB#A + cRBGHG |PRB#S + eREG#10|PRB#12 + eREGH1d
#3 FRB#0 + cREGH3 ERBEEG Frorio + cREGH1S
#4 FRBH#0 + cREGH#4 | PRB#4 + cREGH#S [PRB#B + cREGH#12| PRB#12 + cREGHO
#5 FRB#0 + eREG#5 | PRB#4 + cREG#9 [PRB#S + cREGH] S |IERDIIONENEREGE
#6 FRB#0 + cREG#6 [PRBEA + eREG#I0| PRB#3 + cREG#14| PRB#1D + cREGHD
#7 FRB#0 + cREGHT EEDERNNSRRGRISN Pro:1o + cREGHS
#8 FRBH#0 + cREG#S |PRB#4 + cREG#12| PRB#S + cRFGHO | PRB#1D + cREG#
#9 FRB#0 + eREG#9 [PRB#4 + eREG#13| PRB#S + cRPGH] |IERDIIONENCRBGED
#10 PRB#0 + cREG#10 |PRB#4 + cREGH#IA| PRB#3 + eREGH | PRBH1D + cREGHG
#11 FRB#0 + cREGH#11 EEDRNSRRGHEN Frovio + cRRGHT
#12 FRBH#0 + cREG#12| PRB#4 + cREGHO | PRB#B + eREGH | PRBE#12 + cREGHS
#13 PRB#0 + cREGH#13 | PRB#4 + cREGH] | PRB#B + cREGHS [IONDHICNSNSHIGHD
#14 FRB#0 + cREG#14 | PRBA#A + cREGHD | PRB#3 + cREGH6 [PRB#1D + cREGH#I0
#15 PRE#0 + eREGHLS RS [FEt 12 + eREGHLL





Figure 3. D-eCCE mapping to eREGs, Option D-2
Both designs can reduce the blocking between D-ePDCCH and L-ePDCCH. Option D-1 has similar spacing method, which is more close to Option L-1.
3 Conclusion

In this contribution, we discussed search space design for ePDCCH. We propose: 
· Proposal: ePDCCH search space starting eCCE should be configured by higher layer. 
· Proposal: All L-eCCE is indexed PRB by PRB within the PRB set. For each Aggregation Level, certain spacing between L-ePDCCH candidates is generated.
· Proposal: The eREG for a D-eCCE in its first PRB will determine the D-eCCE index. The index is ordered by the index of L-eCCE contain that eREG, and then by the index of that eREG within the L-eCCE. 
· D-ePDCCH candidates share similar spacing method with L-ePDCCH  candidates
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