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1 Introduction 
In RAN1#69, some agreements were reached for the association between antenna ports and localized ePDCCH transmission: 
Agreement:

· 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. 

A working assumption was drawn for the antenna port association for distributed ePDCCH transmission:
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. 
Besides, an agreement was drawn for the diversity transmission:

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

· Distributed transmission should be supported also for aggregation level 1
In this contribution, we will discuss the remaining details of association between DM-RS ports and ePDCCH transmissions and provide our views on this issue.
2 Discussions
A DCI message could use multiple eCCEs in a PRB pair to ensure transmission robustness and provide sufficient coverage according to different channel conditions and DCI message sizes. Since for localized transmission, each eCCE index is associated by specification with one antenna port, there is a need to select one AP among the multiple APs associated with a DCI message. Two alternative ways are considered:
· The selection is according to the C-RNTI.
· The selection is according to the lowest index of the eCCE allocated for the DCI in that PRB pair. 
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Figure 1 eCCE to AP association example.
Two examples respectively for these two alternatives are shown by Figure 1 where C-RNTI based AP selection is shown by Figure 1(a) and eCCE index based selection is shown by Figure 1(b). The C-RNTI based AP selection would provide more randomness than the fixed lowest eCCE index based rule. This kind of randomization will be helpful to alleviate the DMRS interference between two adjacent cells whenever power boosting is utilized on the selected AP. Moreover, the randomness may facilitate the ePDCCH MU-MIMO and MU-CoMP transmission based on orthogonal DMRS compared to the lowest eCCE index based rule.   Hence, we propose the following:
Proposal 1: The AP used for a given search space candidate in a PRB pair is determined by the C-RNTI among the associated set. An appropriate rule would be:

AP index =( lowest AP index associated with the eCCEs used by the localised DCI message) + (C-RNTI mod N)

where N is the number of eCCEs used by the localised DCI message.  
As shown by Figure 1a, if AP 7 is selected for ePDCCH transmission, AP 8 could be used to enhance the channel estimation accuracy of AP 7 if AP8 is not used for another UE. This kind of redundant AP(s) could be used in two different ways:
· The same precoding is applied as the selected one AP for the redundant AP(s).
· Transmit power of the selected AP is boosted and the redundant AP(s) is muted.
By applying the same precoding on the redundant AP(s), more reference signals are available for the channel estimation, so the performance would be improved. Power boosting could also serve this purpose by improving the SINR of transmission. However, compared to using the same precoding, power boosting could facilitate the reuse of the channel estimation for ePDCCH candidate decoding and therefore reduce complexity for the UE. An example can be seen in Figure 2 where eCCE0 acts as the candidate at aggregation level 1 and the combination of eCCE0 and eCCE1 is the candidate at aggregation level 2. Both of these two candidates are associated with AP 7. If power boosting is used, the candidate at aggregation level 2 reuses the channel estimation of the candidate at aggregation level 1 (i.e., AP 7). No additional channel estimation is needed. However, if the same precoding scheme is used, the channel estimation from AP 8 needs to be carried out additionally.  Although power boosting on one AP may incur increased interference to adjacent cells, it should not be a big issue as an interference randomization mechanism has been defined for DMRS. Besides, the interference from the muted AP would not be present. 
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Figure 2 Channel estimation reusing for ePDCCH candidates

Observation 1: For aggregation levels higher than 1, power boosting may be applied on the selected one AP.
For the subframes with extended CP, only 2 antenna ports are available which means that at most two ePDCCHs could be identified in one PRB pair. As proposed in our companion contribution [1], two eCCEs can be defined in this case. Then it becomes straightforward to have a one-to-one mapping between the eCCE and AP. The approach from Proposal 1 can be readily applied to the extended CP case.
Proposal 2: For the subframes with extended CP, use 2 eCCEs per PRB pair and define one-to-one mapping between the eCCEs and the APs. The AP can be determined in the same way as in Proposal 1.
For the case of only 2 physical antennas being configured in the system, 4 DMRS APs can always be transmitted by implementation-dependent means, so this should not be an issue.
Observation 2:  If only two physical antennas exist, it is still possible to transmit 4 DM-RS ports, so no problem exists and the situation can be handled by implementation-dependent means. 
Precoder cycling can be used for the distributed transmission to achieve the spatial diversity gain. The cycling unit will be a group of REs. An antenna port needs to be identified for each group for the demodulation. Based on the working assumption for distributed transmission, the mapping between the groups of REs and the APs should be pre-defined in the specifications. In Figure 3, we provide an example for the implicit mapping.

[image: image3.emf]AP7 AP8 AP7 AP8

AP7 AP8 AP7 AP8

AP9 AP10 AP9 AP10

AP9 AP10 AP9 AP10

eCCE 0

eCCE 1

eCCE 2

eCCE 3

A group of REs


Figure 3. An example of the mapping between the group of REs and AP
In this example, a PRB pair consists of 4 eCCEs, each of which contains 4 groups of REs (or 4 eREGs). Each eREG is associated with a pre-defined antenna port according to its time-frequency location. Because there are more eREGs than APs, the mapping between eREG and AP is naturally a many-to-one mapping, meaning that multiple eREGs share the same AP. This mapping can support the multiplexing of localized and distributed transmission in the same PRB pair effectively. Assuming each distributed eCCE consists of 4 eREGs scattered in 4 PRB pairs, each distributed transmission uses only up to 2 APs for aggregation level up to 8. The intention is that the rest of the APs can be used by localized transmission without any restriction. The following example scenarios illustrate how the multiplexing of localized and distributed transmission is supported:
a) If eREG0 in eCCE0, together with AP7, is used by a distributed transmission, eCCE1/2/3 and the associated AP8/9/10 can be freely used by the localized transmission.

b) If eREG0/1 in eCCE0, together with AP7/8, is used by one or two distributed transmissions, eCCE2/3 and the associated AP9/10 can be freely used by the localized transmission. If the eNB further wants to use eCCE1 for localized transmission (which is mapped to AP8), the eNB needs to make sure that the precoder on AP8 for distributed transmission is the same as that for localized transmission. This should not be difficult because distributed transmission uses random precoding, so the eNB can adjust and coordinate what precoder to use for each AP corresponding to the distributed transmission.
c) If some or all eREGs out of eCCE0 and eCCE1 are used by distributed transmission, eCCE2/3 and the associated AP9/10 can be freely used by the localized transmission.
Proposal 3: Confirm the working assumption that the antenna port associated with the group of REs for the spatial diversity scheme is implicitly determined by its time-frequency location.  
3 Conclusions

The association between antenna ports and ePDCCH transmissions is further discussed in this contribution. The following proposals and observations are made:
Proposal 1: The AP used for a given search space candidate in a PRB pair is determined by the C-RNTI among the associated set. An appropriate rule would be:

AP index =( lowest AP index associated with the eCCEs used by the localised DCI message) + (C-RNTI mod N)

where N is the number of eCCEs used by the localised DCI message.  
Observation 1: For aggregation levels higher than 1, power boosting may be applied on the selected one AP.
Proposal 2: For the subframes with extended CP, use 2 eCCEs per PRB pair and define one-to-one mapping between the eCCEs and the APs. The AP can be determined in the same way as in Proposal 1.

Observation 2:  If only two physical antennas exist, it is still possible to transmit 4 DM-RS ports, so no problem exists and the situation can be handled by implementation-dependent means. 

Proposal 3: Confirm the working assumption that the antenna port associated with the group of REs for the spatial diversity scheme is also implicitly determined by its time-frequency location.  
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