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1. Introduction

Considering the ePDCCH antenna port association, agreement is made in RAN1#68bis as follows:
Agreement:

· 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
It is noted that the motivation of introducing a UE-specific configuration is to reduce the number of total channel estimations. However, in this contribution we point out that if channel estimation complexity is the issue, UE-specific configuration is not enough and appropriate designs on both the search space and the number of decoding candidates are also needed.
2. Discussion 
Decoding candidates

In RAN1#68bis, for localised ePDCCH, either using implicit determination or UE-specific configuration to determine the ePDCCH antenna port association draws a lot of discussions. While implicit determination is simple, the main motivation to introduce UE-specific configuration is to reduce the total number of channel estimations and the corresponding delay. We agree that channel estimation complexity is an important issue and should be taken into account when designing ePDCCH. Yet, it is noted that the decrease in channel estimation complexity by configuration mentioned above is based on the assumption that the decoding candidates for a given aggregation level are contiguous and localised on frequency domain. As in [1-3], it is believed that the decoding candidates for a given aggregation level should at least be partially distributed to enjoy the frequency-selective scheduling gain for localised ePDCCH. It is noted that the partially distributed candidates occupies more PRB pairs than localised candidates. Therefore, the partially distributed decoding candidates may lead to inevitable high channel estimation complexity no matter use UE-specific configuration or implicit determination to determine the antenna port for ePDCCH. Therefore, further designs are needed to relieve the channel estimation complexity. 
A simple way to reduce the channel estimation overhead is to let the decoding candidates from different aggregation levels to be multiplexed in the same PRB pairs and share the same antenna port for demodulation. As a result, the number of total channel estimations is decreased. An example is illustrated in Fig.1 where the decoding candidates of aggregation level 1 and 2 are multiplexed in the same PRB pairs. The eCCE decoding candidates for aggregation level 1 are partially distributed on the frequency domain (2 eCCEs a group), and each group starts from the first eCCE in each PRB pair. The decoding candidates used for aggregation level2 are fully distributed on frequency domain (one decoding candidate consist of 2 eCCEs) and starts from the third eCCE in each PRB pair. The number of decoding candidates for each aggregation level can be adjusted to match this kind of multiplexing. An example is to have 8 decoding candidates for aggregation level 1 and 4 decoding candidates for aggregation level 2 which occupie total 4 PRB pairs as in Fig.1. It is also reasonable for localised ePDCCH to have higher number of decoding candidates for lower aggregation level.
Proposal 1: If channel estimation complexity is an issue, the decoding candidates of different aggregation levels can be multiplexed in the same PRB pairs and share the same assigned antenna port(s).
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Figure1. An example of decoding candidates of both aggregation level 1 and 2 be multiplexed in a PRB pair
Antenna ports assignment

To reduce the channel estimation complexity, it is agreed in RAN1#68bis to have the antenna port(s) for ePDCCH be determined by a combination of implicit determination and a UE-specific configuration. One motivation is to let decoding candidates of the same UE in one PRB pair share the same antenna port(s) for demodulation. It can be achieved by first select a set of antenna port candidates by implicit determination from the REs used by corresponding decoding candidates and choose one or two antenna port(s) from the antenna port candidates by configuration.
We slightly prefer to have this configuration be UE ID which avoids the overhead and possible ambiguation caused by RRC signaling. For example, a UE can choose the 
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 means the number of antenna ports candidates which is implicitly indicated. An example is illustrated in Fig.2. In this example, the number of antenna port candidates is 3 and the used antenna port is chosen from antenna port 7, 8 or 10 according to its UE ID.
Proposal 2: UE choose 1 or 2 antenna port(s) for demodulating all its decoding candidates for localized ePDCCH (may belong to different aggregation levels) in a PRB pair. The antenna port candidates are implicitly determined by the occupied eCCEs and the used antenna port is chosen from these candidates by UE ID.
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Figure2. An example of the formation of antenna port candidates

Power boosting on antenna ports

Considering the decoding candiates for localised E-PDCCH with higher aggregation levels, UE can assume the used antenna port is power boosted according to the number of aggregated eCCEs in the PRB pair to enhance the channel estimation performance. For example, when UE blindly decodes the candidates for aggregation level 2 and the occupied eCCEs of associated DCI are all in the same PRB pair, it can assume the used antenna port has 3dB power boosting.

Proposal 3: For localized ePDCCH with higher aggregation level, UE can assume the used antenna port is power boosted according to the occupied eCCEs of the associated DCI.
3. Conclusions

In this contribution, we discuss the antenna association of ePDCCH, reduction on channel estimation overhead and propose to:
Proposal 1: If channel estimation complexity is an issue, the decoding candidates of different aggregation levels can be multiplexed in the same PRB pairs and share the same assigned antenna port(s).

Proposal 2: UE choose 1 or 2 antenna port(s) for demodulating all decoding candidates for localized ePDCCH (can belongs to different aggregation levels) in a PRB pair. The antenna port candidates are implicitly determined by the occupied eCCEs and the used antenna port is chosen from these candidates by UE ID.
Proposal 3: For localized ePDCCH with higher aggregation level, UE can assume the used antenna port is power boosted according to the occupied eCCEs of the associated DCI.
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