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1 Introduction

In RAN1#69, antenna port(s) determination for transmission of localized and distributed EPDCCH was discussed, and significant progress was achieved. For instance, it was agreed that:

In localized allocation, each ECCE index is associated by specification with one antenna port. 
However, some details remain to be specified. For instance, the AP to ECCE mapping is partly UE-dependent, but the exact mechanism has not been defined. Similarly, for distributed transmission, in RAN1 #70 it was agreed that:

Each resource element in an EREG is associated with one out of two antenna ports in an alternating manner. 
However, the details still need to be specified. In this contribution, we provide detailed antenna port(s) (AP) mapping, covering both the AP to ECCE association for localized EPDCCH and AP to RE association in EREGs for distributed EPDCCH.
2 AP association for distributed EPDCCH
Regarding the AP association for distributed EPDCCH, there are possible schemes. In scheme #1, the APs associated to EPDCCH come from one CDM group, for example {7, 8} or {9, 10}.  In scheme #2, the APs associated to EPDCCH come from two CDM group, for example {7, 9} or {8, 10}.  It’s clear that DMRS RE power boosting would be available in scheme 2, which results in better channel estimation performance and EPDCCH decoding performance.  The selection of {7, 9} or {8, 10} is configured by RRC signaling.

Proposal 1:  The APs associated to EPDCCH come from two CDM group.  The selection of the combinations {7, 9} or {8, 10} is configured by RRC signaling. 
3 AP association for localized EPDCCH
For localized EPDCCH, one ECCE is associated with one AP. For normal CP, there are 4 APs in one PRB pair, and 2 for extended CP case. In this section, we will discuss the AP association for these two cases. 
3.1 AP association for normal CP case
Based on the agreements in RAN #70 meeting, there are 2 or 4 ECCEs per PRB pair for the normal CP case in which AP 107~110 are used. The aggregation levels for localized EPDCCH can be 1, 2, 4, 8 (case 1) or 2, 4, 8, 16 (case 2) which depends on the number of available REs used for EPDCCH in one PRB pair. 
Figure 1 shows an example of AP association in case of 4 ECCEs. For aggregation level (AL) 1, each ECCE is associated with one AP. For a higher aggregation level, an EPDCCH is mapped onto multiple ECCEs but only one AP is used for the EPDCCH demodulation, as agreed in RAN1#69. As also agreed, the AP to ECCE mapping is UE-specific to provide some scheduling flexibility, and possibly support for transparent MU-MIMO. The parameter C-RNTI can provide a UE-specific AP to ECCE mapping. 
In addition, it may be useful to include the aggregation level L for determining which AP to use: For instance, for the EPDCCH transmission in case 1, if the starting positions on the physical resource of ALs 4 and 8 are same, it is possible that the UE decodes an EPDCCH of AL8 with the first 4 ECCEs successfully. This causes an ambiguity, since the UE will assume that the EPDCCH occupies 4 ECCEs instead of 8, and that the remaining 4 ECCEs may be occupied by PDSCH. This can be avoided by separating the APs used for ALs 4 and 8. All of these can be solved by separating the APs used for ALs 2, 4, and 8. As shown in Figure 1, AP 107 or AP 109 is used for AL 2, AP 108 is used for AL 4, and AP 110 is used for AL 8 for UE1. For UE 2, another AP setting is used in which the APs used for ALs 2, 4, and 8 are different, too. Also, for ALs 2, 4 and 8, the APs used for UE1 and UE2 are different to support transparent MU-MIMO.  It is similar in case of 4 ECCEs case 2, as illustrated in Figure 1, the APs used for ALs 4, 8, and 16 are different.
For the case of 4 ECCEs per PRB pair with normal CP, the AP can be determined by the following formula:
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 is the index of the first ECCE occupied by the candidate,  L is the aggregation level and N is the number of ECCEs occupied by the candidate in the PRB pair.
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Figure 1. AP association for localized EPDCCH in case of 4 ECCEs per PRB pair
For AL1 in the case of 2 ECCEs, the two ECCEs are associated with APs 107 and 109, respectively, or APs 108 and 110 for aggregation level 1. Similar to the case of 4 ECCEs, the AL ambiguity is avoided by separating the APs between ALs 2, 4 and 8. The AP association is designed as illustrated in Figure 2. 
For the case of 2 ECCEs per PRB pair with normal CP, the AP can be determined by the following formula:


[image: image4.wmf](

)

4

mod

)

(

log

2

mod

_

_

*

2

107

2

L

RNTI

C

index

ECCE

AP

+

+

+

=



[image: image5.emf]eCCE0

eCCE1

eCCE0

eCCE1

AL1

AL2

eCCE0

eCCE1

AL4

eCCE2

eCCE3

eCCE0

eCCE1

eCCE2

eCCE3

eCCE4

eCCE5

eCCE6

eCCE7

AL8

eCCE0

eCCE1

eCCE0

eCCE1

eCCE0

eCCE1

Configuration 1 for UE1

eCCE2

eCCE3

eCCE0

eCCE1

eCCE2

eCCE3

eCCE4

eCCE5

eCCE6

eCCE7

Configuration 2  for UE2

AP 107

AP 108

AP 109

AP110

AP 107

AP 108

AP 109

AP110

AP 107

AP 108

AP 109

AP110

AP 107

AP 108

AP 109

AP110

AP 107

AP 108

AP 109

AP110

AP 107

AP 108

AP 109

AP110

AP 107

AP 108

AP 109

AP110

AP 107

AP 108

AP 109

AP110


Figure 2. AP association for localized EPDCCH in case of 2 ECCEs per PRB pair
3.2 AP association for the extended CP case
For the extended CP case, only APs 107 and 108 are available in one PRB pair. Furthermore, it is agreed that a PRB pair is divided into 16 eREGs and an ECCE is formed by 8 eREG, which corresponds to 2 ECCEs per PRB pair in localized transmission. One-to-one mapping in a PRB pair can be adopted for extended CP case as well as normal CP case. The straight forward solution is illustrated in Figure 3.

For the case of extended CP, the AP can be determined by the following formula:
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Figure 3. AP association for extended CP
Proposal 2:  AP association for localized EPDCCH is determined by the following formulas:
· 
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 for the case of 4 ECCEs per PRB pair with normal CP
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 for the case of 2 ECCEs per PRB pair with normal CP
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 for the case of extended CP
4 AP association for localized EPDCCH supporting spatial diversity 
The previous section described a case where a localized EPDCCH uses only one antenna port. However, using more than one antenna port is beneficial in achieving robust transmission of an EPDCCH. For example, if there is no CSI feedback available or if CSI feedback is not reliable, an EPDCCH can still be transmitted over multiple antenna ports using different spatial precoding vectors and thus can benefit from diversity gain. Moreover, when the potential frequency diversity gain is quite limited in some scenarios, such as narrow bandwidth systems or frequency non-selective channels, it is also desirable to exploit spatial diversity gain for the EPDCCH. Considering the specification effort and performance gain, random beamforming is a suitable candidate. 
If a localized EPDCCH is formed by aggregating several groups of resource elements, where each group of resource elements is associated with one antenna port and precoded with different precoding vector, as shown in Figure 4, spatial diversity gain of 3dB can be achieved for localized transmission. 
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Figure 4.  Spatial diversity gain for localized EPDCCH transmission (2 AP results are marked with red circles).
As an example in Figure 5, the association between the groups of resource elements and antenna ports for a localized EPDCCH is shown. One ECCE might consist of several groups of resource elements. In Figure 5, one ECCE is formed by 4 groups of resource elements. In order to alleviate EPDCCH blind detection complexity, each group of resource elements can always be associated with one specific antenna port regardless of the used aggregation level. As in this scheme, channel estimation and EPDCCH detection on each group of resource elements is performed only once for an EPDCCH during its blind detection. 
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Figure 5. Association between groups of resource elements and antenna ports for a localized EPDCCH using multiple antenna ports (different colors for different antenna ports).
Proposal 3: Support localized EPDCCH transmission over multiple antenna ports, where each group of resource elements is associated with an antenna port regardless of the used aggregation level.
5 Conclusion
In this contribution, we discuss antenna port(s) determination for EPDCCH. Our proposals are summarized below:
· Proposal 1:  The APs associated to EPDCCH come from two CDM group.  The selection of the combinations {7, 9} or {8, 10} is configured by RRC signaling. 
·  Proposal 2:  AP association for localized EPDCCH is determined by the following formulas:

· 
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 for the case of 4 ECCEs per PRB pair with normal CP
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 for the case of 2 ECCEs per PRB pair with normal CP
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 for the case of extended CP
Where 
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 is the index of the first ECCE occupied by the candidate, L is the aggregation level and N is the number of ECCEs occupied by the candidate in the PRB pair.
· Proposal 3: Support localized EPDCCH transmission over multiple antenna ports, where each group of resource elements is associated with an antenna port regardless of the used aggregation level.
Appendix. Evaluation assumptions

Table 1: Simulation assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Antenna configuration
	2x2

	Channel model
	TU

	UE velocity
	120 km/h

	Aggregation level
	4 CCE, 42 bit DCI

	ECCE size
	36 RE

	eREG size
	36RE, 18 RE (for 2 AP case when 4 PRB is used)

	Channel estimation for DMRS
	Real

	Resource allocation
	localized

	Precoding matrix
	Rel-8 2Tx rank1 codebook

	Interleaver
	Using RE-level interleaver in one PRB pair

	PRB index used for the case of distributed
	[1,13,25,37] when 4 PRBs used
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