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1
Introduction

In RAN1#69, the following was agreed on antenna port association for localized allocations:
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. 

Similarly, for distributed allocations the following agreement was reached in RAN1#70:
Agreement: 

· 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)  

In this contribution we provide our views on the open issues on EPDCCH antenna port association.
2
Antenna port association for localized allocations
For localized allocations, the main open issues are the exact allocation of antenna ports to DCIs carried on certain ECCEs, as well as the antenna port allocation when a DCI spans multiple ECCEs within a PRB pair. 

A one-to-one mapping between ECCEs and antenna ports was taken as a working assumption in RAN1#69. Also a many-to-one mapping of ECCEs to antenna ports was left for further consideration. The main motivation of such many-to-one mapping stems from concerns on channel estimation complexity. However, RAN1 has agreed to introduce spatial diversity for distributed EPDCCH where two antenna ports are needed for channel estimation per PRB pair. Moreover, RAN1 agreed to have maximum of N=8 PRB pairs per EPDCCH set. Hence for distributed EPDCCH the UE will anyway need to make 16 channel estimations within a subframe in the worst case. This number can not be exceeded by localized EPDCCH sets due to the maximum number of blind decoding attempts which means that maximally 16 locations may need to be searched for. Note that for localized EPDCCH we assume at most one channel estimation per search space location. Hence, channel estimation complexity is governed by distributed EPDCCH and the one-to-one mapping between ECCEs and antenna ports can not increase the complexity. From this perspective it seems clear that the working assumption on one-to-one mapping between ECCEs and antenna ports can be confirmed, and many-to-one mapping does not need to be further considered.

Multi-user MIMO can be supported at aggregation levels higher than 1 in a transparent manner if the antenna port association supports it. This would be especially beneficial at high SINR for large DCI formats which would not fit within one ECCE due to code rate exceeding 1.0. In such case, the eNB can still transmit multiple DCIs spatially multiplexed, essentially consuming the same resources as if the DCIs would be transmitted using aggregation level one. 

Also related to MU-MIMO, it was left as an FFS how the antenna port should be selected when the DCI spans multiple ECCEs and is therefore implicitly associated to multiple antenna ports according to the current working assumption. One option would be to utilize RRC configuration or C-RNTI to select the antenna port in such case. However, considering MU-MIMO that relies on spatial channel state information, relying only on RRC configuration or C-RNTI (also configured via RRC) may not be sufficient. It would be better to involve also subframe index into the selection such that at least in some subframes it is possible for the eNB to find spatially compatible UEs to be scheduled using MU-MIMO. Hence, in our view in addition to C-RNTI, subframe index should be used in the antenna port association. Both parameters come bundled in the existing parameter Yk which is also used to select the search space candidates (as in TS 36.213, section 9.1.1).
Since there are cases with different numbers of antenna ports and different numbers of ECCEs per PRB pair, a single antenna port selection criterion might not be enough. With this and the above discussion in mind, we can express the antenna port selection for various cases as follows:

-
The case of normal CP and 4 ECCEs per PRB pair is straightforward since there is essentially one antenna port per ECCE:
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-
In case of normal CP and 2 ECCEs per PRB pair there are more options as there are only 2 ECCEs but still four available antenna ports. One option is to utilize a similar AP association as in case of 4 ECCEs:
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Alternatively, it would be possible to for example optimize further for overlapping localized and distributed EPDCCH sets by allocating orthogonal antenna ports for localized and distributed allocations. However we do not have a strong preference on this aspect.
-
In case of extended CP, again the mapping is straightforward and can be written as follows:
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In the above equations, nECCE is the lowest ECCE index of the corresponding EPDCCH candidate, Yk is as defined in section 9.1.1 of TS 36.213 and L is the aggregation level.
Proposals:

-
Confirm the working assumption of one-to-one mapping between ECCEs and antenna ports.

-
No many-to-one mapping.

-
For a localized allocation, in case a DCI uses multiple ECCEs within a PRB pair, the used antenna port is selected based on the lowest ECCE index and parameter Yk:
-
For normal CP, 4 ECCEs per PRB pair:
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-
For normal CP, 2 ECCEs per PRB pair:
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-
For extended CP:
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3
Antenna port association for distributed allocations
For distributed allocations, two antenna ports per PRB pair will be needed. Essentially two alternatives can be identified on how to associate antenna ports with the EPDCCH candidates:
- 
Alt.1: Fixed or RRC-configured antenna ports

-
Alt.2: Antenna port determination implicitly based on ECCE or EREG indices

Several aspects need to be considered in determining the antenna port association. First, since distributed EPDCCH is the worst case in terms of channel estimation complexity, care should be taken not to further increase channel estimation complexity unnecessarily. With Alt.1 the worst case channel estimation complexity is based on two channel estimates per PRB pair for N=8 PRB pairs. However, with Alt.2 the UE might in the worst case have to do four channel estimates per PRB pair for N=8 PRB pairs, basically doubling the channel estimation complexity compared to Alt.1. This of course depends also on the search space design.

Obviously, another aspect is channel estimation performance. With Alt.1 a likely configuration would be that all UEs are configured with the same antenna ports for an EPDCCH set. In that case, only two antenna ports will be utilized in any PRB pair also from the eNB perspective and hence the EPDCCH DMRS EPRE can be doubled as the power of the two unused antenna ports can be used for the benefit of channel estimation from the two used ones. This has been shown in numerous contributions to have a non-negligible performance impact, see e.g. [1]. On the other hand, with Alt.2, from eNB perspective all antenna ports would be used, hence EPDCCH DMRS EPRE would be lower, resulting in a performance degradation.
Furthermore, the two alternatives differ in terms of antenna port blocking when overlapping localized and distributed EPDCCH sets are configured. Essentially, if with Alt.2 the mapping between EREGs/ECCEs and antenna ports is carefully chosen, antenna port blocking could be even completely avoided in such case. It is noted that for the spatial diversity scheme chosen, to avoid antenna port blocking it is enough that the precoder can be selected freely for at least one of the antenna ports: if the first antenna port is also used for a localized allocation, the precoder for the second antenna port can always be selected as orthogonal to the first one. However, with Alt.1 there are cases where two antenna ports are utilized for localized allocations but the corresponding antenna ports are also allocated for distributed allocations. In such case, illustrated in Figure 1 C), antenna port blocking would happen unless the precoders chosen for localized allocations happen to be suitable for the distributed allocations as well. It is noted that in examples A) and B) of Figure 1 there is no problem with Alt.1 either, so it is not very clear how severe this antenna port blocking problem would be in practice.
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Figure 1. Illustration of antenna port blocking with Alt.1 in case of multiplexing localized and distributed EPDCCH in same PRB pairs. It is assumed that UE would utilize either APs 107 and 109 or 108 and 110 for the distributed EPDCCH. The hashed locations mean resources used for localized/distributed allocations.
Finally, one motivation for Alt.2 was mentioned to be wideband closed-loop beamforming. However, even with Alt.2 there are at most two precoders available per PRB pair. Since there may be up to 16 UEs sharing the same four antenna ports (two per UE obviously), the precoders anyway can not be chosen flexibly enough. Hence it seems that also with Alt.2, any possibilities for wideband closed-loop beamforming would be quite limited.
Table 1 summarizes these aspects. In our view channel estimation performance and complexity are clearly the two most important criteria, and hence our preference is Alt.1. The main benefit of Alt.2 would be reduced antenna port blocking in case of overlapping EPDCCH sets, however in this case this optimization would come with unacceptable adverse impacts, and on the other hand may not be a severe problem with Alt.1 either.
Table 1. Comparison of the two alternatives for antenna port association for distributed EPDCCH sets.

	
	Alt. 1
	Alt. 2

	Channel estimation complexity
	Average
	High

	Channel estimation performance
	Very good
	Poor

	Antenna port blocking in case of overlapping localized and distributed EPDCCH sets
	Average
	No blocking

	Wideband closed-loop beamforming
	Very limited
	Limited


This leaves still two aspects to be further clarified: First issue is whether the antenna port configuration should be fixed or RRC-configurable, and second issue is whether the two antenna ports should come from the same CDM group or from different CDM groups.
Regarding the first issue, RRC-configurability could provide a benefit in terms of for instance inter-cell interference mitigation as the utilization of antenna ports can be coordinated between two neighboring cells (more generally transmission points). Also it could be beneficial for overlapping EPCCH sets. Obviously for extended CP the antenna ports have to be fixed to 107 and 108. 

Regarding the second issue, it has been shown [1] that utilizing antenna ports corresponding to different CDM groups can improve channel estimation performance. A similar effect could in principle be achieved with same CDM groups by boosting the EPDCCH DMRS using the power from the unused DMRS ports. However, this may increase inter-cell interference unnecessarily.
Based on the discussion, our proposal is as follows:

Proposal:

-
For a distributed allocation, 
-
In case of normal CP, the used antenna ports are either 107 and 109 or 108 and 110 based on RRC configuration.
-
In case of extended CP, the used antenna ports are 107 and 108.
4
Conclusions

In this contribution we have discussed the remaining issues on EPDCCH antenna port association. Our proposals are summarized as follows:

Proposals:

-
Confirm the working assumption of one-to-one mapping between ECCEs and antenna ports.


-
No many-to-one mapping.

-
For a localized allocation, in case a DCI uses multiple ECCEs within a PRB pair, the used antenna port is selected based on the lowest ECCE index and parameter Yk:
-
For normal CP, 4 ECCEs per PRB pair:
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-
For normal CP, 2 ECCEs per PRB pair:
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-
For extended CP:
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-
For a distributed allocation, 
-
In case of normal CP, the used antenna ports are either 107 and 109 or 108 and 110 based on RRC configuration.
-
In case of extended CP, the used antenna ports are 107 and 108.
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