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1. Introduction

In RAN1#69 and RAN1#70, the issue of DMRS antenna port association for both localized and distributed E-PDCCH was discussed with the following agreements [1]:
Agreements in #69:

· In localized allocation, each eCCE index is associated by specification with one antenna port 

· In case a DCI message uses multiple eCCEs in the PRB pair, one AP per PRB pair is selected among the associated APs and used for ePDCCH demodulation

· FFS whether the selection is according to the C-RNTI or another UE-specific configuration based rule.

· FFS whether a second AP with the same precoding as the one AP may be configured. 

· Working assumption that the association from eCCE index of different DCIs to AP is a one-to-one mapping for normal CP

· A many-to-one mapping can be considered further

· Consider both normal and extended CP

· Note that details are FFS for the case of only 2 ports being configured in the system

· Note that if it is agreed that the size of a group of REs for the spatial diversity scheme is smaller than a PRB pair, then the above is not applicable if the spatial diversity scheme is used. 

Agreements in #70: 

· The group of REs defined in spatial diversity transmission is 1 RE

· When distributed transmission is used, spatial diversity is used and each RE in a given PRB pair belonging to a given DCI is associated by specification with one of two APs alternately following the eREG mapping (FFS which two APs)  
· A PRB pair is divided into 16 eREGs in both normal and special subframes and for normal and extended CP regardless of the presence of other signals

· 16eREGs has #0 to #15 indices
· 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)
In this contribution, we further discuss DMRS antenna port association for localized and distributed E-PDCCH.
2.  Discussion
In RAN1 #70 meeting, the following agreement on the DMRS ports associated with distributed E-PDCCH transmission is made:

· When distributed transmission is used, spatial diversity is used and each RE in a given PRB pair belonging to a given DCI is associated by specification with one of two APs alternately following the eREG mapping (FFS which two APs)  
In order to improve the channel estimation performance, it is more proper to use the two DMRS ports with orthogonal RE resources, e.g. DMRS ports 107 and 109, or DMRS ports 108 and 110 ports. In the following analysis, it is assumed that DMRS ports 108 and 110 are used for distributed E-PDCCH transmission when four DMRS ports are available in a PRB pair. 
Proposal 1: Two DMRS ports with orthogonal RE resources shall be used for distributed E-PDCCH when four DMRS ports are available in a PRB pair.
For localized E-PDCCH, two scenarios need to be considered:

· Scenario 1: localized E-PDCCH is not multiplexed with distributed E-PDCCH within a PRB pair. 

· Scenario 2: localized E-PDCCH is multiplexed with distributed E-PDCCH within a PRB pair.

In case of scenario 1, since there is no collision of DMRS ports between localized and distributed E-PDCCH transmission, the association of DMRS ports to localized E-CCEs in theory can be any 1-1 mapping between DMRS port and E-CCE index. Therefore, scenario 2 shall be mainly considered for the design of DMRS association for localized E-PDCH.
The E-CCE structure of localized and distributed E-PDCCH is provided in [2], where each localized E-CCE is constructed by 4 or 8 E-REGs with contiguous E-REG indices within a PRB pair, and each distributed E-CCE is constructed by the same E-REG indices among several PRB pairs. Figure 2 shows the localized and distributed E-CCE structure with 4 E-CCEs per PRB pair and 4 PRB pairs per E-PDCCH set.
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Figure 1: E-REG, localized E-CCE and distributed E-CCE
The search space design for localized E-PDCCＨ is provided in [3], where two contiguously indexed localized E-CCE are required aggregation level of 2. In case there are four E-CCEs in a PRB pair, two localized E-PDCCHs with aggregation level 2 can be multiplexed in the same PRB pair. The two DMRS ports associated with one of the localized E-PDCCH with aggregation level 2 shall correspond to the two DMRS ports used by distributed E-PDCCH; otherwise, once distributed E-PDCCH is multiplexed in the same PRB pair with localized E-PDCCH, MU-MIMO on the same localized E-PDCCH candidate of aggregation level 2 is not possible since there is only one DMRS port left for the localized E-PDCCH candidate of aggregation level 2. In other words, for the other localized E-PDCCH with aggregation level 2 in the PRB pair, it shall use the other two DMRS ports not associated with distributed E-PDCCH. 
Proposal 2: Two DMRS ports which are not associated with distributed E-PDCCH shall be associated with two contiguously indexed localized E-CCEs within a PRB pair when four DMRS ports are available in a PRB pair.
Based on the above design principles, the DMRS ports association for localized E-PDCCH is defined for the following cases: 
· Normal CP with 4 E-CCEs per PRB pair: In normal subframe (normal CP) or special subframe with configuration 3, 4, or 8 (normal CP), the DMRS association for localized and distributed E-PDCCH is shown in Figure 2. In this case, there are four DMRS ports available within a PRB pair. DMRS port 107 and 109 are associated with two contiguously indexed E-CCEs, e.g. E-CCE 0 and 1. 
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Figure 2: DMRS association for normal CP with 4 E-CCEs per PRB pair

· Normal CP with 2 E-CCEs per PRB pair: In special subframe with configuration 1, 2, 6, 7, or 9 (normal CP), the DMRS association for localize E-PDCCH is shown in Figure 3. In this case, there are four DMRS ports available within a PRB pair, while a PRB pair contains only two E-CCEs. To avoid the DMRS ports collision between localized and distributed E-PDCCH transmission, DMRS port 107 and 109 are associated with localized E-PDCCH. 
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Figure 3: DMRS association for Normal CP with 2 E-CCEs per PRB pair

· Extended CP with 2 E-CCEs per PRB pair: In normal subframe (extended CP) or special subframe with configuration with 1, 2, 3, 5, or 6 (extended CP), the DMRS association for localize E-PDCCH is shown in Figure 4. In this case, only two DMRS ports are available within a PRB pair, which are DMRS port 107 and 108. 
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Figure 4: DMRS association for extended CP with 2 E-CCEs per PRB pair

Proposal 3: The DMRS port association for localized E-CCE in a PRB pair shall be defined as follows:
· In normal subframe (normal CP) or special subframe with configuration 3, 4, or 8 (normal CP)
	Localized E-CCE index within a PRB pair
	Associated DMRS port

	0
	107

	1
	109

	2
	108

	3
	110


· In special subframe with configuration 1, 2, 6, 7, or 9 (normal CP)
	Localized E-CCE index within a PRB pair
	Associated DMRS port

	0
	107

	1
	109


· In normal subframe (extended CP) or special subframe with configuration 1, 2, 3, 5, or 6 (extended CP)
	Localized E-CCE index within a PRB pair
	Associated DMRS port

	0
	107

	1
	108


For localized E-PDCCH, in case a DCI message occupies multiple E-CCEs in a PRB pair, multiple DMRS ports can be derived according to the multiple E-CCEs. In order to efficiently support MU-MIMO operation with orthogonal DMRS ports, it is preferable that a UE can select one of the many DMRS antenna ports from the multiple E-CCEs with a UE-specific parameter. For example, the associated DMRS port 
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can be selected by the UE’s C-RNTI or by a hash function Yk. More specifically, 
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, where  f() is the mapping of localized E-CCE index to DMRS port as in Proposal 3, 
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 is the lowest E-CCE index in the PRB pair used for the localized E-PDCCH, and M is the aggregation level of the E-PDCCH in case the number of E-CCEs per PRB pair is not smaller than the aggregation level; otherwise, M is the number of E-CCEs per PRB pair.
Proposal 4: In case a localized E-PDCCH occupies multiple E-CCEs in a PRB pair, the UE shall select one of the associated DMRS ports according to a UE-specific parameter. 
3. Conclusions

In this contribution, we discuss issue of the DMRS antenna ports association with distributed and localized distributed E-PDCCH, with the following proposals:

Proposal 1: The DMRS port association for distributed E-PDCCH shall be defined as follows:
· For normal CP, DMRS antenna ports 108 and 110 are used.

· For extended CP, DMRS antenna ports 107 and 108 are used. 

Proposal 2: Two DMRS ports which are not associated with distributed E-PDCCH shall be associated with two contiguously indexed localized E-CCEs within a PRB pair when four DMRS ports are available in a PRB pair.
Proposal 3: The DMRS port association for localized E-CCE shall be defined as follows:

· In normal subframe (normal CP) or special subframe with configuration 3, 4, or 8 (normal CP)
	E-CCE index within a PRB pair
	Associated DMRS port

	0
	107

	1
	109

	2
	108

	3
	110


· In special subframe with configuration 1, 2, 6, 7, or 9 (normal CP)
	E-CCE index within a PRB pair
	Associated DMRS port

	0
	107

	1
	109


· In normal subframe (extended CP) or special subframe with configuration 1, 2, 3, 5, or 6 (extended CP)
	E-CCE index within a PRB pair
	Associated DMRS port

	0
	107

	1
	108


Proposal 4: In case a localized E-PDCCH occupies multiple E-CCEs in a PRB pair, the UE shall select one of the associated DMRS ports according to a UE-specific parameter.  
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