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1 Introduction 
In RAN1#68bis, some agreements were made for the association between antenna ports and ePDCCH transmission: 
· 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 discuss the further details and provide our views on this issue.
2 Discussions
It has been agreed that both distributed transmission and localized transmission of the ePDCCH should be supported. For localized transmission, the radio resources of one candidate should be allocated in one PRB pair or contiguous PRB pairs in the frequency domain to attain frequency selective gain. It is reasonable to use only one antenna port for the UE-specific precoding which is precoded with the same precoding vectors as the ePDCCH candidate. Besides, the overhead used for reference signals would be minimized and accuracy of channel estimation may be improved by potential power boosting of the reference signals. In our companion papers [1, 2], we think PRB-level precoder cycling would be more suitable for the distributed ePDCCH transmission, and multiplexing localized and distributed ePDCCH candidates within same PRB pairs could bring benefits for the resource efficiency. 
Proposal 1: Only one antenna port is needed per PRB pair per DCI message for both localized and distributed ePDCCH transmission. 
As discussed in [6] and [7], the AP(s) associated with each ePDCCH can be implicitly determined from the eCCE(s) used by each search space candidate. A straightforward way to achieve this is to index the eCCEs {0..3} within each PRB pair, and to associate an AP with each, for example as shown in Table 1. 
Table 1: Example association between AP and eCCE index in a PRB pair
	eCCE index
	Antenna Port

	0
	7

	1
	8

	2
	9

	3
	10


The AP used for a given search space candidate in a PRB pair is determined by the lowest eCCE index in that PRB pair. A candidate which spans multiple PRB pairs would therefore use the same AP across the whole candidate provided that the lowest used eCCE index in each PRB pair was the same. 
Proposal 2: The AP used for a given search space candidate in a PRB pair is determined by the lowest eCCE index in that PRB pair. 
In Rel-8, 9 and 10, a UE-ID based Hashing function is utilized to derive the starting position in terms of the CCE number, which has been discarded by R-PDCCH where higher-layer signaling shapes the search space directly. Higher-layer signalling is a feasible means to configure the search space when the number of terminals (e. g. the scenario when RNs deployed) is low and fairly static; however, with a large number and ever-changing population of UEs, higher-layer signaling becomes cumbersome, and a hashing function is still an effective way to shape each UE’s search space for ePDCCH.  The Hashing function could be based on an absolute eCCE numbering (e.g. eCCE index in the PRB pair multiplied by the PRB pair index) as proposed by our previous contribution [3], to indicate an anchor candidate, and then other candidates at the same aggregation level could share the same relative position within the frequency band. Blocking of DCI transmissions could be minimized by carefully designing the Hashing functions. Since the candidates in the USS will determine (via the implicit mapping described in proposal 2) the APs in the search space, this can be seen as a UE-specific configuration of the APs used. 

Unlike the Rel-8 PDCCH, there is no need for the USS to be a function of subframe number, and indeed it is better if it is not, in order to facilitate frequency domain ICIC.
Proposal 3: The localized USS is shaped by UE-ID based Hashing functions, the output of which does not change as a function of subframe number.
In our companion paper [4], the definition of eCCE and eREG are discussed. In [5], a sample of the eCCE and eREG mapping could be found in the case multiplexing localized and distributed candidates within the same PRB pairs. As proposed, the eREGs contained by one distributed candidate are evenly mapped onto allocated frequency subbands. Meanwhile, multiple eREGs for different ePDCCH candidates could be mapped onto a same set of eCCEs within each allocated PRB pairs. As PRB-level precoder cycling is used for the distributed ePDCCH transmission, all candidates sharing the same set of eCCEs could use the same antenna port which is implicitly determined by the time-frequency location of the eCCE. In this way, a unified antenna port association for both distributed and localized candidates could be feasible.

Proposal 4: The antenna port for each distributed candidate is also implicitly determined by its time-frequency location, specifically the eCCE index in the PRB pair.  
3 Conclusions

The association between antenna ports and ePDCCH transmissions is further discussed in this contribution. The following proposals are made:
Proposal 1: Only one antenna port is needed per PRB pair per DCI message for both localized and distributed ePDCCH transmission. 
Proposal 2: The AP used for a given search space candidate in a PRB pair is determined by the lowest eCCE index in that PRB pair. 
Proposal 3: The localized USS is shaped by UE-ID based Hashing functions, the output of which does not change as a function of subframe number.

Proposal 4: The antenna port for each distributed candidate is also implicitly determined by its time-frequency location, specifically the eCCE index in the PRB pair
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