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1. Introduction

At the RAN WG1 #70 meeting, detailed issues related to ECCE/EREG designs for the Enhanced PDCCH (EPDCCH) were intensively discussed. Accordingly, aggregation levels and the number of search space (SS) candidates to be supported for the EPDCCH are left as remaining issues.
· The specification supports the case that an eCCE is formed by N eREGs in distributed and localized
· N= 4 in following cases. (This corresponds to 4 eCCEs per PRB pair in localized transmission.)
· In normal subframe (normal CP) or special subframe configs 3,4,8 (normal CP) 
· N=8 in following cases. (This corresponds to 2 eCCEs per PRB pair in localized transmission)
· Special subframe configs 1,2,6,7,9 (normal CP)
· Normal subframe (extended CP) and special subframe configs 1,2,3,5,6 (extended CP) 
· Aggregation levels supported for EPDCCH are:

· In normal subframes (normal CP) or special subframe configs 3,4,8 (normal CP), and the available REs in a PRB pair is less than Xthresh, 

· For localised: 2, 4, 8, working assumption 16 subject to feasible search space design

· For distributed: 2, 4, 8, 16, working assumption 32 subject to feasible search space design

· In all other cases:

· For localised: 1, 2, 4, working assumption 8 subject to feasible search space design

· For distributed: 1, 2, 4, 8, working assumption 16 subject to feasible search space design

· Working assumption that Xthresh = 104

· Total number of ePDCCH USS blind decodes per CC is 32 or 48 depending on configuration of UL MIMO

The aggregation levels to be supported greatly depend on the target performance level. In this contribution, we investigate the need for higher aggregation levels for the EPDCCH, i.e., 16 and 32 ECCEs for distributed transmission, based on the link level simulation. Our views on the number of SS candidates for each aggregation level are also presented. 
2. Aggregation Levels for EPDCCH
2.1
Supported Aggregation Levels
Several contributions have shown through link-level simulation that the EPDCCH exhibits worse block error rate (BLER) performance than that for the legacy PDCCH [1], [2]. This performance inferiority of the EPDCCH would mainly result from fewer REs per control channel element (CCE) and inaccurate channel estimate obtained using physical resource block (PRB)-based demodulation reference signal (DM-RS). 
Regarding the number of REs available, without other signals such as the legacy PDCCH and cell-specific RS (CRS), an enhanced resource element group (EREG) is formed by 9 resource elements (REs) and an enhanced CCE (ECCE) is grouped from N = 4 EREGs, which corresponds to 36 REs per ECCE. In other words, in the presence of other signals, the number of REs per ECCE becomes less than 36 REs. For this reason, an ECCE is constructed by grouping N = 8 EREGs in the subframe such as that for the extended cyclic prefix (ECP) where the number of REs is much less than 36 REs. In this case, aggregation levels of {1, 2, 4, 8, (16)} and {1, 2, 4, (8)} are supported for distributed and localized transmissions, respectively. Here, the value of indicated in the bold parentheses, ( ), is agreed as the working assumption. However, when an ECCE comprises N = 8 EREGs, it is not such a serious matter whether or not to support the higher aggregation levels of 16 and 8. 
On the contrary, when an ECCE comprises N = 4 EREGs in a normal subframe with a normal CP, discussion regarding whether or not to support a higher aggregation level is needed. Below, we mainly focus on the discussion of a typical subframe when N = 4 EREGs. We also assume distributed transmission in the evaluation. According to the current agreement, supported aggregation levels are changed between the following cases.

· Case 1: Aggregation levels of {1, 2, 4, 8, (16)} when the number of REs available is equal to or greater than 104.

· Case 2: Aggregation levels of {2, 4, 8, 16, (32)} when the number of REs available is less than 104.
In a normal subframe with a normal CP, switching between Cases 1 and 2 occurs when the number of OFDM symbols for the legacy PDCCH is increased to 3 as shown in Fig. 1. In order to investigate the necessity the of higher aggregation level of 16 ECCE, we evaluate the BLER performance in Fig. 2 when the number of OFDM symbols for the legacy PDCCH is respectively 1 and 3 as shown in Fig. 1. Aggregation levels of 2, 4, 8, and 16 ECCEs are assumed. The detailed simulation conditions are summarized in Table AI in the Annex. For reference, the performance levels of the legacy PDCCH are also plotted for 2, 4, and 8 CCE aggregation levels. The figure shows that the BLER of the EPDCCH is worse than that for the legacy PDCCH comparing the same value of (E)CCEs. Therefore, to ensure the same level of performance for the 8 CCEs for the legacy PDCCH, an aggregation level of 16 ECCEs is applied to the EPDCCH. We see the EPDCCH using 16 ECCEs provides better performance than the legacy PDCCH using 8 CCEs when 1 OFDM symbol is assumed for the legacy PDCCH (Fig. 2(a)), and comparable performance when 3 OFDM symbols are assumed (Fig. 2(b)). Therefore, support for the aggregation level of 16 ECCEs is preferred for the EPDCCH. In addition to 16 ECCE, it is doubtful whether the aggregation level of 32 ECCEs is necessary since 16 ECCEs seem sufficient even when the number of REs of ECCE is much less than 36. Furthermore, frequency domain interference coordination can be applied to the EPDCCH, and thus such a high aggregation level may not be needed. 
Proposal 1: Support the aggregation level of 16 ECCEs for the EPDCCH distributed transmission irrespective of the available number of REs.

Proposal 2: Do not support the aggregation level of 32 ECCE in the EPDCCH.
[image: image1.emf]Freq

Time

0 1 6 0 4 81510512

112 7 112 6 011615

123 8 2134157 1127 0 510

1 4 9 3 5 5109 213813611

135104146110 3149 1 712

14611515 1 815102

2 7 0 6 6 109 41114

15121 7 0 7122105 0 3 813

8132 8 1 8133116 112914

3143 9 7 91411127 215415

9154102 4138 313

100 5113 5149 414

3 OFDM symbols 

96 REs 

Freq

Time

1 OFDM symbol 

120 REs

Supported aggregation level

1, 2, 4, 8, and 16 (WA) eCCEs

0 1 6 0 4 81510512

112 7 112 6 011615

123 8 2134157 1127 0 510

1 4 9 3 5 5109 213813611

135104146110 3149 1 712

14611515 1 815102

2 7 0 6 6 109 41114

15121 7 0 7122105 0 3 813

8132 8 1 8133116 112914

3143 9 7 91411127 215415

9154102 4138 313

100 5113 5149 414

Supported aggregation level

2, 4, 8, 16, and 32 (WA) eCCEs


Figure 1 – Number of REs available for EPDCCH.
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Figure 2 – BLER performance.

2.2
Number of SS Candidates
Based on the discussion above, our proposed sets of aggregation levels and the number of SS candidates are shown in Table I for Cases 1 and 2. In regard to the number of SS candidates for Case 1, 1 SS candidate for the aggregation level of 16 ECCEs is simply added to the SS candidates for the legacy PDCCH. Furthermore, it is considered that one SS candidate for any aggregation level is removed in order to keep the total number of blind decoding attempts the same. For Case 2, the only difference from Case 1 is the lack of aggregation level 1. In this case, five or six SS candidates are re-allocated to the other aggregation levels. However, this may increase the complexity of the SS design particularly considering multiple EPDCCH sets. Therefore, we prefer to use the same number of SS candidates for Cases 1 and 2 as shown in Table I. For the localized transmission, we do not have a strong preference, but the same discussion above holds.
Table I – SS Candidates for EPDCCH.
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3. Conclusion

In this contribution, we presented our views on the aggregation levels to be supported for the EPDCCH by comparing the BLER performance of the EPDCCH with that for the legacy PDCCH. Regarding the supported aggregation level, we propose the following.
· Proposal 1: Support the aggregation level of 16 ECCEs for the EPDCCH distributed transmission irrespective of the available number of REs.

· Proposal 2: Do not support the aggregation level of 32 ECCEs in the EPDCCH.
Regarding the number of SS candidates, we prefer to reuse the principle of the legacy PDCCH as much as possible to avoid an impact on the specifications. Our preferred number of SS candidates is summarized in Table I.
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Annex

Table A1 – Simulation Parameters.
[image: image5.emf]System bandwidth 10 MHz (50 RBs)

Number of sub-carriers 600

Number of OFDM symbols for PDCCH 1

Transmitter / receiver antenna configuration 4 x 2 (TM9: Closed-loop MIMO)

DCI format DCI format 2C

Aggregation level 2, 4, 8, and 16 ECCEs

Number of PRBs for ePDCCH 4 PRBs

Number of REs for DM-RS 24 REs

FFT timing detection Ideal

Channel estimation Practical

Path model SCM-E
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