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1. Introduction

In RAN1#69 meeting, the issues regarding the association between APs and EPDCCH transmission were discussed and the following agreements were concluded:

Agreements from RAN1#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.

In this contribution, we discuss how to select representative AP when aggregation level is more than or equal to 2. 
2. Discussion
AP configuration in 2 ECCEs/PRB pair case
With regard to the number of EREGs forming ECCE, it was agreed as follows [1]:

Agreements from RAN1#70:
· 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)
As observed in the above agreements, the number of EREGs consisting ECCE depends on subframe configuration and it means that the number of ECCEs within a PRB pair can be 2 or 4 depending subframe configuration. In the case of 4 ECCEs/PRB pair, 4 ports (i.e. 107~110 for normal CP) or 2 ports (i.e. 107 and 108 for extended CP) are associated with each ECCE. If there are 2 ECCEs in a PRB pair, we should decide which ports are used for localized EPDCCH. Considering 24 REs overhead and power boosting, it is natural to use ports 107 and 109 for 2 ECCEs/PRB pair case, i.e.  in the case of special subframe configurations 1,2,6,7 and 9 with normal CP. For extended CP case, port 107 and 108 are used for both 2 and 4 ECCEs/PRB pair case. According to the agreement in RAN1#69 meeting, when ports 107 and 109 are used for the case of 2 ECCEs/PRB pair, representative AP should be selected between port 107 and 109. 
Proposal: In the case of 2 ECCEs/PRB pair with normal CP, ports 107 and 109 are associated with each ECCE.

The representative AP for high aggregation level

If a DCI message is transmitted on an aggregation of multiple ECCEs each of which has different AP, it needs to be decided which AP is to be used for the demodulation of this high aggregation level DCI. In this selection procedure, the RS collision problem and MU-MIMO operation should be considered. 

In [2], there are some simulation results to show the impact on RS collision, and those results show that RS collision case (e.g. port107-port107) cannot get enough of boosting gain compared to RS non-collision case (e.g. port107-port109). Because it is highly probable that the high aggregation level could be used for cell-edge UEs, RS collision between neighboring TPs should be considered on the selection of AP which is used for the demodulation of all the ECCEs aggregated in the PRB pair. 

According to agreements in RAN1#69 meeting, it is impossible to operate MU-MIMO using different port in aggregation level 1 because location of resource set (e.g. RE, EREG, ECCE etc.) determines AP used to demodulate. But proper selection of representative AP enables (orthogonal) MU-MIMO operation using antenna port in high aggregation level (e.g. 2, 4).

Considering RS collision problem and MU-MIMO operation, higher layer signaling for informing representative AP or selection criterion is preferred as it provides the network with the full flexibility in the AP selection which will be beneficial in doing MU-MIMO and spatial reuse of EPDCCH resources. Another method, i.e. selection by C-RNTI, is also UE-specific, but it has limited configurability than an explicit higher layer signaling. In our understanding, if the network wants to reconfigure the AP selection criterion for a reason (e.g., in order to change the MU-MIMO paired UEs), the C-RNTI of the UE should be reconfigured in this method, which implies that the handover procedure should be triggered. This limitation may be alleviated by randomizing the AP selection criterion e.g., by applying a C-RNTI-based hashing function like Yk that was used for the PDCCH search space design.If the above-mentioned limited reconfiguration is not considered as serious ones, C-RNTI based method can be used for the AP selection criterion

The generalized formula for selecting AP in all cases is: 
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 [Eq. 1]

where 
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 is the lowest ECCE index of the detected DCI,
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is the number of ECCEs in a PRB pair, 
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 is the parameter that defines the AP selection criterion, 
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is the aggregation level of the DCI, and 
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is the scaling factor for 2 ECCEs/PRB pair case(i.e. port 107 and 109). The parameter 
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depends on CP type and subframe type as shown in Table 1.

	CP type
	Subframe type
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	Normal CP
	Normal
	1

	
	Special (config. 3,4,8)
	1

	
	Special (config. 1,2,6,7,9)
	2

	Extended CP
	Normal
	1

	
	Special 1,2,3,5,6
	1


Table 1. Parameters for selecting AP
Proposal: For AP selection, an explicit higher layer signaling is more flexible. C-RNTI-based AP selection can be considered if its limitation is not significant.
Proposal: The representative AP is derived by Equation 1.
AP association in distributed EPDCCH
With regard to the APs for distributed EPDCCH, it was agreed as follows [1]:
Agreements from RAN1#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).
According to this agreement, an RE in an EREG is associated with an AP and different REs may have different associated AP within a single EREG. This alternative is advantageous to get additional spatial diversity utilizing the APs within a EREG. Then, it needs additional mapping rule for DMRS port association, .i.e., mapping DMRS AP to each RE in each EREG. When the antenna ports are not properly allocated, the effect of spatial diversity would be decreased. Thus, it is important to map the DMRS AP as evenly as possible. According to previous agreements, 16 EREGs are defined in a PRB pair which has 144 available REs, and each EREG contains 9 REs. In this case, we cannot avoid the imbalance of number of REs per each AP when the number of DMRS port is 2 (e.g. 5 REs are allocated to Port 107 and 4 REs are allocated to Port 109). This port imbalance can be mitigated by different AP assignment pattern. For example, first EREG included has a pattern {Port 107, Port 109, …, Port 107}, and second EREG has a pattern { Port 109, Port 107, …, Port 109}. 
Proposal: In distributed EPDCCH, AP association should consider the possible imbalance in the number of REs associated with each AP.

3. Conclusion
This contribution discussed on association between DM-RS ports and EPDCCH transmission. The following proposals were made:

Proposal: In the case of 2 ECCEs/PRB pair with normal CP, ports 107 and 109 are associated with each ECCE.

Proposal: For AP selection, an explicit higher layer signaling is more flexible. C-RNTI-based AP selection can be considered if its limitation is not significant.

Proposal: The representative AP is derived by Equation 1.
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where 
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is the number of ECCEs in a PRB pair, 
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 is the parameter that defines the AP selection criterion, 
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is the aggregation level of the DCI, and 
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is the scaling factor which is determined by the following table.

	CP type
	Subframe type
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	Normal CP
	Normal
	1

	
	Special (config. 3,4,8)
	1

	
	Special (config. 1,2,6,7,9)
	2

	Extended CP
	Normal
	1

	
	Special 1,2,3,5,6
	1


Proposal: In distributed EPDCCH, AP association should consider the possible imbalance in the number of REs associated with each AP.
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