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1 Introduction

In RAN1#68bis, the antenna port(s) determination for transmission of localized ePDCCH was discussed, and there were the following agreements:
· At least for localised transmission, the antenna port(s) for ePDCCH is/are determined by a combination of:

· implicit determination from the time-frequency locations of the REs used by the corresponding DCI message, and 

· a UE-specific configuration 

· FFS till RAN1#69 what the configuration comprises (e.g. RRC signalling, UE ID, etc)

· FFS till RAN1#69 whether this applies to distributed transmission

In this contribution, we will provide details about antenna port(s) (AP) determination for ePDCCH corresponding to one or more antenna ports used in blind detection of a given ePDCCH, which includes the implicit determination method and the UE-specific configuration information.
2 Discussion on the antenna port association
For localized ePDCCH transmission, eNB can transmit an ePDCCH for a given UE over a set of eCCEs in one scheduled PRB pair. The detailed definition of eCCE is still in discussion in RAN1. At the UE side, UE will try to detect its associated ePDCCH on each of all the possible sets of eCCEs and the associated AP. Here, each possible set of eCCEs is a potential candidate used for ePDCCH detection.  In this section, we first discuss the implicit antenna port association when linked with the eCCE. We then explain how an additional UE-specific AP association can improve the AP determination. 
2.1 Implicit determination based on resource allocation
When the AP determination is fixedly associated with the location of the resources, e.g. eCCE, as a result, if the search space of one ePDCCH is mapped onto multiple eCCEs in the same PRB pair, then the UE should estimate the channel with more than one AP in one PRB pair for ePDCCH blind decoding [1]. In case of aggregation level 1, when there are multiple eCCEs assigned for different ePDCCH candidates of a certain UE in the same PRB pair, the UE needs to monitor different ePDCCH candidates on different APs.  For aggregation level larger than 1, an ePDCCH candidate comprises more than one eCCE. If the eCCEs are associated with different APs, one UE would have to demodulate the candidate with more than one AP. This might bring some channel estimation complexity, especially in cases that eCCEs are associated to different APs for different aggregation levels.
This channel estimation problem can be solved by defining additional rules so that for a given PRB pair, a UE uses only one AP. For instance, in order to ensure that only one AP is used for all the ePDCCH candidates of each aggregation level in one PRB pair, the following rule can be used:
Proposal 1:  For a certain aggregation level, the UE-specific AP is determined by the physical location of the first ePDCCH candidate in the PRB pair.
This rule is illustrated in Fig. 1. The implicit, default AP association is such that AP 7-10 are associated with eCCE 1-4 respectively. The first ePDCCH candidate of UE1 is mapped onto eCCE1 associated with AP 7. When the four ePDCCH candidates are for four different UEs, the implicit allocation is used as such, as shown for Case 1. When a UE monitors more than one ePDCCH candidate in one PRB pair (e.g., Case 2), it will assume that the AP associated with the eCCE of the first ePDCCH candidate will determine the AP for all the other ePDCCH candidates located in the same PRB pair. Thus, for Case 2 the ePDCCH candidate 2 of UE1 on eCCE2 will use the same AP as the first ePDCCH candidate on eCCE1, and is attempted to be demodulated with AP7. Similarly, for Case 3, eCCE #1, 2, and 3 are assigned AP7, and for Case 2 in Fig. 2, eCCE #1, 2, 3 and 4 are assigned AP 7, too.
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Fig. 1 Association of AP with physical resource of aggregation level 1
For aggregation level 2 and higher, multiple eCCEs are allocated to one candidate. In this case, a rule can also be used for larger aggregation levels:

Proposal 2:  For a certain aggregation level, the AP associated with the first eCCE of the first ePDCCH candidate in the PRB pair determines the AP of the eCCEs for the entire ePDCCH candidates.
This rule is illustrated in Fig. 2. Take aggregation level 2 for example, the first ePDCCH candidate of UE 1is mapped onto eCCE1 and eCCE2. The first eCCE, eCCE1 uses AP 7, thus the UE will also assume that eCCE 2 uses the same AP as the eCCE1, i.e. AP7 (instead of AP 8 with the default implicit allocation). 
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Fig. 2 Association of AP with physical resource of aggregation level 2
Note that for aggregation level larger than 1, both rules may need to be jointly used.

Through this design, channel estimation of one AP within one PRB pair is enough for one UE, which could reduce the channel estimation complexity and simplify the UE receiving. If the search spaces of different aggregation levels of one UE are in the same PRB pair, only one AP can be used for all the candidates, which depends on the design of search space.
2.2 UE-specific configuration 

In addition to supporting implicit configuration, it was also agreed to use a UE-specific configuration as well. This brings benefits such as transparent support for MU-MIMO for ePDCCH transmission, reduced risk of AP blocking. The association of AP and the physical resource, e.g. eCCEs in one PRB pair can be UE-specific and configured by higher layer signaling, or implicitly determined based on e.g., the UE ID. This is illustrated in Fig. 3: for UE 1, AP 7 is associated with eCCE1 by higher layer signaling or based on its UE ID. Then, eCCE2 is implicitly associated with AP 8, eCCE3 with AP 9 and eCCE4 with AP 10. Similarly, UE 2 is assigned AP 8 to eCCE1. Then following the implicit rule, eCCE2 is assigned AP9, eCCE 3 AP 10, and eCCE 4 AP 7. Also, the mapping of ePDCCH candidate(s) onto eCCEs in one PRB pair is UE-specific configuration.
Proposal 3: The association rule of the AP to the location of physical resource should be UE-specific configured, the mapping of ePDCCH candidate(s) onto eCCEs in one PRB pair should be UE-specific configuration and the UE-specific configuration can be either based on UE ID or use RRC signaling.
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Fig. 3 Association of AP with physical resource
2.3 Multiple APs configuration per ePDCCH candidate 
The previous section described a case where a given ePDCCH candidate use a single AP. However, having several APs associated to a single ePDCCH candidate has some advantages. One advantage is that a robust transmission for a localized ePDCCH can be achieved, as shown in [1]. In this case an ePDCCH is transmitted to a given UE over two or more eCCEs using several APs, either using SFBC or RBF. Decision regarding the usage of SFBC of RBF is still pending on RAN1. 
However, for both solutions, the end result is the same: each ePDCCH search space candidate requires channel estimation on more than one AP. Using a localized transmission with antenna diversity, when possible, can sometimes ease the scheduling, and might prevent having to switch the UE from localized to distributed transmission. 
With SFBC, two APs are used for each eCCE. For instance, AP 7 and AP 9 can be jointly used on each ePDCCH candidate. This is shown in Fig. 4. All eCCEs use the same two APs. 
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Figure 4: Association between eCCE and antenna ports for the case of SFBC
When RBF is used, each eCCE in one PRB pair is always associated with one fixed AP, regardless of the aggregation level. The associations between eCCEs and APs for a given ePDCCH are shown in Figure 5 Case 1 if 2 antenna ports are used. Here, eCCE1 and eCCE2 are associated for example to antenna port 7(or 8) and eCCE3 and eCCE4 are associated to antenna port 9(or10) independent of aggregation level. Here, if two UEs are configured with two different sets of antenna ports, i.e. one with AP7 and AP9 and the other one with AP8 and AP 10, their associated ePDCCHs can be transmitted in MU-MIMO by using orthogonal DMRSs. Another alternative is to use four antenna ports as shown in Figure5 Case2, where eCCE 1 to 4 are associated to AP7 to AP10 with a one-to-one mapping independent of the aggregation levels. 
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Fig. 5. Association between eCCEs and APs independent of aggregation levels
With each eCCE in one PRB pair being associated with one fixed AP regardless of the aggregation level, there would be no need to repeat channel estimation and ePDCCH detection on any eCCEs when assuming the ePDCCH candidates of different aggregation levels for detection share the same eCCEs. For example in Fig.5 for case 2 channel estimation and ePDCCH detection related to eCCE1 is performed only one time independent of the used aggregation level.
Proposal 4: Multiple APs per ePDCCH candidate can be configured
3 Conclusion 

In this contribution, we discuss antenna port(s) determination for ePDCCH. We propose that robust ePDCCH transmission design considering detection complexity should be considered in designing antenna port association for localized ePDCCH.
Our proposals are summarized below:
· Proposal 1: For a certain aggregation level, the UE-specific AP is determined by the physical location of the first ePDCCH candidate in the PRB pair.
· Proposal 2:  For a certain aggregation level, the AP associated with the first eCCE of the first ePDCCH candidate in the PRB pair determines the AP of the eCCEs for the entire ePDCCH candidates.
· Proposal 3: The association rule of the AP to the location of physical resource should be UE-specific configured, the mapping of ePDCCH candidate(s) onto eCCEs in one PRB pair should be UE-specific configuration and the UE-specific configuration can be either based on UE ID or use RRC signaling.
· Proposal 4: Multiple APs per ePDCCH candidate can be configured.
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