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1 Introduction

In RAN1#69 meeting, several agreements and working assumptions have been reached regarding ePDCCH transmission and DM-RS ports association.
In this contribution, we discuss remaining issues of ePDCCH transmission and DM-RS ports association for both localized and distributed transmission.

2 Antenna port association for distributed transmission

The following working assumption and agreement have been reached in RAN1#69 meeting for distributed transmission and spatial diversity scheme:
Working assumption
· In distributed allocation, at least if spatial diversity is used, each eREG/RE index is associated by specification with one antenna port 
· The associated AP for each used eREG/RE is used for ePDCCH demodulation
· If it is agreed that the size of a group of REs for the spatial diversity scheme is larger than an eREG, then it is FFS whether the antenna port can be the same for multiple eREGs within a PRB pair. 
Agreement:

· The spatial diversity scheme for ePDCCH is implementation-dependent beamforming (subject to specifying which antenna port is applicable for each group of REs)

· UE may assume that the same precoding applies on all REs of one ePDCCH within one group of REs (1 <= one group of REs <= PRB pair, exact details FFS).
· One antenna port is identified to the UE as the phase reference for each group of REs
According to the working assumption, there are three options for antenna port association:
· RE based antenna port association

Each RE is associated with one antenna port. REs within one eREG can be associated with different antenna ports. The advantage of this option is that spatial diversity is possible within one eREG. However, the disadvantage of this option is that UE specific beamforming and power boosting of DMRS are not possible. If one ePDCCH is mapped to four PRB pairs, the diversity order is enough without spatial diversity within one eREG. Therefore, we prefer not to support RE based antenna port association.
· eREG based antenna port association

Each eREG is associated with one antenna port. The advantage of eREG based antenna port association is that both UE specific beamforming and eREG level spatial diversity are possible by the single design. 
One possibility is that eREG to antenna port association is constant for all UEs. In this case, the spatial diversity order in a PRB pair would be depending on the aggregation level and eCCE to eREG mapping. Another possibility is that eREG to antenna port association differs based on indicated antenna port usage. In this case, the spatial diversity order in a PRB pair can be configured. The indication of antenna port usage has two options. One is indication of antenna ports and the other is the indication of combining of antenna ports as follows.  
For simplicity, in the following examples, we use the continuous order of eREG indices for eREG to antenna port association. However, if eCCE to eREG mapping as in [1] is applied, special consideration needs to be taken in account for eREG indices in eREG to antenna port association in order to support more spatial diversity for aggregation level 2, 4 and 8 candidates.
Option 1 : Indication of antenna port number
Figure 1 shows an example of indication of antenna port number. It shows the case of four ports usage, two ports usage and one port usage. 4 ports usage case has more spatial diversity or more UE specific beamforming within one PRB pair. 2 ports usage can support power boosting on AP7 and AP9.  1 port usage can support more power boosting on AP7 and is useful when eNB has only one antenna. Such antenna port usage is UE specific. For cell-edge UEs where power boosting is more important, 2 port usage or 1 port usage can be used. For UEs with more localized mapping where spatial diversity within one PRB pair is more important, 4 ports usage can be used. Figure 2 shows an example of different UEs with different configurations. For UE1, spatial diversity is more important, so UE1 is configured with 4 ports usage. For UE2, power boosting is more important, so UE2 is configured with 2 ports usage. Within in the PRB pair, ePDCCH from UE1 is mapped to eREG#8 and eREG#12, so that different APs are used for two eREGs. Within the PRB pair, ePDCCH from UE2 is mapped to eREG#0 and eREG#4, so that AP7 can be power boosted.
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Figure 1. 
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Figure 2. 

Option 2 :Indication of antenna port combining
In this case, constant antenna port association, e.g. as Configuration 1 in Figure 1, is defined. But eNB can indicate to UEs the signals on which antenna ports can be combined. For example, eNB can indicate to UE that AP7 and AP9 can be combined, so that when ePDCCH from UE is mapped to eREGs that associated with AP7 and AP9, UE will combine the signal on AP7 and AP9 to improve channel estimation.
Figure 3 shows an example of antenna port combining. In the example, UE2 is configured to combine AP7 and AP9, AP8 and AP10. UE1 is using the original specified association (no combining). eREG#0 and eREG#8 are used for UE2. AP7 and AP9 use the same precoding, so that channel estimation can be improved for UE2. eREG#4 and eREG#12 are used for UE1. Different precoding is applied to AP7 and AP9, so that Tx diversity can be obtained for UE1.
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Figure 3. 
· PRB pair based antenna port association

PRB pair based antenna port association is a special case of eREG based antenna port association. For example, in case of configuration of antenna port association, Configuration 3 in Figure 1 is PRB pair based antenna port association; in case of indication of antenna port combining, UEs are indicated that AP7~10 are combined.
From above discussion, we propose:
Proposal:

· For distributed transmission, eREG to antenna port association can differ based on indicated antenna port usage.

3 Antenna port association for localized transmission

It has been agreed for localized transmission in RAN1#70 that:

· 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. 

We proposed to have four eCCEs within one PRB pair for normal CP case in []. So for normal CP case, if 4 antenna ports are configured, eCCE from different DCIs to AP should be one-to-one mapping. Multiple eCCEs for one DCI message in one PRB pair should be associated with one AP. As shown in Figure 4, aggregation level 1 candidates has only one possible mapping, aggregation level 2 candidates has two possible mapping, and aggregation level 4 candidates has four possible mapping. The selection of antenna ports for aggregation level 2 and aggregation level 4 candidates can depend on C-RNTI and subframe number, so that two UEs don’t always collide with each other.
[image: image4.emf]eCCE 1

eCCE 2

eCCE 3

eCCE 4

Port 7

Port 8

Port 9

Port 10

eCCE 1

eCCE 2

eCCE 3

eCCE 4

Port 7

Port 8

Port 9

Port 10

eCCE 1

eCCE 2

eCCE 3

eCCE 4

Port 7

Port 8

Port 9

Port 10

Aggregation 

level 1

Aggregation 

level 2

Aggregation 

level 4/8

eCCE 1

eCCE 2

eCCE 3

eCCE 4

Port 7

Port 8

Port 9

Port 10

eCCE 1

eCCE 2

eCCE 3

eCCE 4

Port 7

Port 8

Port 9

Port 10

eCCE 1

eCCE 2

eCCE 3

eCCE 4

Port 7

Port 8

Port 9

Port 10

eCCE 1

eCCE 2

eCCE 3

eCCE 4

Port 7

Port 8

Port 9

Port 10


Figure 4. Antenna port association for normal CP and four antenna ports in localized transmission
If only two antenna ports are configured, there would be antenna port shortage issue for aggregation level 1 candidates. Figure 5 shows the antenna port association for two antenna ports. In aggregation level 1, two ePDCCHs have to share one antenna port.
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Figure 5. Antenna port association for normal CP and two antenna ports in localized transmission
4 Summary

This contribution discusses the issues for further study regarding reference signals for ePDCCH transmission and provides our view on these issues.

Based on the discussion, the following proposals are made:

Proposals:
· For distributed transmission, eREG to antenna port association can differ based on indicated antenna port usage.
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