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1. Introduction

In recent RAN1 meetings, it was recognized [1, 2, 3] that a proper frequency diversity order, e.g. 4, is needed to ensure the performance of distributed ePDCCH transmissions. For distributed ePDCCH with aggregation level 4 or 8, achieving frequency diversity order of 4 should not be a problem. However for aggregation level 1 and 2, only a properly designed mapping from eCCE to RE can achieve a high enough frequency diversity order, e.g. 4.
To get diversity within a single distributed eCCE, the resource unit of eREG was proposed [5] such that one distributed eCCE consists of multiple eREGs. In order to achieve diversity order N (e.g. N = 4) within a single distributed eCCE, one eCCE needs to contain at least N eREGs and each eREG has to be associated with different UERS. Depending on whether the N eREGs of each distributed eCCE are from the same PRB pair [5] or from multiple PRB pairs [1, 2], spatial diversity technique such as rank 1 random beamforming or frequency diversity technique can be applied to the distributed eCCE. For one example, different precoding vectors can be applied to different eREGs constructed from multiple PRB pairs for achieving spatial diversity even in highly directional channels. Even within a PRB pair, the random beamforming can still provide spatial diversity. For example, if one distributed ePDCCH (e.g. AGGL 2) contains more than one eREG in one PRB pair and each eREG is associated with a different UERS, rank one random beamforming can be implicitly supported without any additional standard changes for getting spatial diversity. As an alternative to the rank one random beamforming, Alamouti encoding based spatial diversity can be considered. 
In this contribution we first give our view on whether one distributed eCCE should contain N eREGs from one single PRB pair or multiple PRB pairs. Then, we justify our view that the eREGs of one distributed ePDCCH should be mapped to multiple PRB pairs to achieve the frequency diversity first. Spatial diversity can be supported in addition to the frequency diversity for a higher diversity order.
2. Definition of distributed ePDCCH
In our view, one distributed ePDCCH should firstly be mapped to one or multiple distributed eCCEs and one distributed eCCE should be mapped to multiple eREGs. Assuming one distributed eCCE is constructed using 2 eREGs and each eREG has 18 REs from one PRB pair, we can define two different mappings between distributed the eCCE and the eREGs. One of the mappings emphasizes spatial diversity while the other maxizes frequency diversity. Examples with illustrative parameters are used in this contribution for comparing the two. In [1], we have shown frequency diversity order 4 is necessary and our preference is that one distributed eCCE is constructed from 4 eREGs.
Option 1: Spatial diversity first mapping
One distributed eCCE is mapped to two eREGs belonging to the same PRB pair and each eREG can be beamformed with different weights to achieve spatial diversity order two. For AGGL 2 as shown in Fig. 1, one ePDCCH is mapped to two eCCEs belonging to two different PRB pairs. Thus additional frequency diversity of order two can be gotten on top of the spatial diversity order gained from each PRB pair. 
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Fig.1. AGGL2 ePDCCH of spatial diversity based eCCE to eREG mapping
Option 2: Frequency diversity first mapping
For AGGL1, two eREGs of the same distributed eCCE are mapped to two PRB pairs to achieve frequency diversity order two. For AGGL2, one distributed ePDCCH is mapped to four eREGs distributed over 4 PRB pairs to achieve frequency diversity order four.
In next subsections, we compare the two mapping rules in terms of applicability, link performance, and interference measurement.

2.1 General applicability
Frequency diversity is more available than spatial diversity since it doesn’t require multiple antennas. In contrast, spatial diversity requires minimum two Tx antennas at eNB. If eNB only has one Tx antenna, the transmit diversity is unachievable in Option 1 for AGGL1. 
Observation 1: Unlike spatial diversity first mapping, frequency diversity first mapping can work with any number of Tx antennas at eNB.
2.2 Link level performance
Based on the discussion above, we can see that both options can realize the same diversity order as long as each eREG of one distributed eCCE can have different beamforming weights, respectively. In order to compare the diversity effect of the two options, we simulated the link level performance of two different options using both ETU and SCM-E channel models, which have high and low frequency selectivity, respectively. 
The link level performance of the two options is shown in Fig.2. Although the asymptotic diversity order of the two options at infinite SINR is the same, the actual BLER performances of the two are different within the operating SINR. For AGGL1 frequency diversity significantly outperforms spatial diversity by 2dB in both channel models. For AGGL2, frequency diversity order 4 still outperforms frequency diversity order 2 plus spatial diversity order 2 by around 1dB in both channel models. The gap between the two options is reduced because Option 1 also has frequency diversity order 2. 
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Fig.2. Comparisons between frequency diversity first mapping (Option 2) and spatial diversity first mapping (Option 1) for distributed eCCE to eREG mapping.
Observation 2: For the same diversity order, frequency diversity has better performance than spatial diversity for distributed ePDCCH.
2.2 Interference Measurements
It has been pointed out in [4] that in order to maximize the benefits of interference aware receiver, it’s better to experience the same interference level on both eCCE and its associated UERS. Although the current agreed UERS may result in interference level mismatch between UERS and ePDCCH REs for aggregation level one eCCE, this issue can be avoided in lightly loaded scenarios if frequency diversity first eCCE to eREG mapping is used. For instance as shown in Fig.3(a), only one DCI is transmitted in a lightly loaded system using frequency diversity first mapping. Since only AP7 is used, if the neighbouring cell UEs measure inter-cell interference on AP7 and try to cancel interference on the two eREGs, the interference can be mitigated. In contrast, if spatial diversity first eCCE to eREG mapping [5] is used (in this example AP7 is used for the first eREG and AP8 is used for the second eREG as shown in Fig.3(b)), the interference level measured on the UERS of AP7 and AP8 is always the sum power of AP7 and AP8 even though the transmitting DCI of the neighbouring cell may not overlap with the desired DCI of the home cell. This results in an overestimated interference randomly and degrades the performance of interference aware receiver.
Observation 3: For spatial diversity first mapping, the interference measured from UERS can deviate from the interference experienced by the DCI REs.
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Fig.3. Example of eCCE interference for different eCCE to eREG mappings.
2.3 Small System Bandwidth
Since ePDCCH and PDSCH are not allowed to coexist in the same PRB pair in Rel. 11, allocating multiple PRBs pairs to achieve high frequency diversity order may consume too many PRBs and reduce the throughput of PDSCH in narrow band system. From this viewpoint, spatial diversity based eCCE to eREG mapping allows better scheduling based PRB sharing between ePDCCH and PDSCH compared with frequency diversity based eCCE to eREG mapping. However, narrow band LTE system is not a typical scenario in our understanding. In addition, the resource wastage issue caused by distributed ePDCCH transmission can be avoided by revisiting ePDCCH/PDSCH co-existence assumptions in future LTE releases. 
Observation 4: It can consume too much overhead  to achieve high frequency diversity order in narrow band LTE systems without allowing ePDCCH/PDSCH co-exists in the same PRB pair. The best approach to address this concern is to re-visit the ePDCCH/PDSCH co-existing assumptions in future LTE releases.
3. Different spatial diversity schemes
For localized ePDCCH transmission, it’s preferred not to have any spatial diversity schemes. Thus multiple eREGs of one localized eCCE are associated with the same UERS and cannot be beamformed individually. This can maximize the benefits of localized ePDCCH transmission and leverage the same subband CSI feedback used for TM9 PDSCH transmission such as PUSCH 3-1 CSI feedback. If spatial diversity schemes are defined for localized eCCE, the same CSI feedback for TM9 PDSCH can’t be simply reused. This is certainly not the desired system behaviour. 
When one distributed ePDCCH contains more than one eREGs within one PRB pair, it’s possible that those eREGs are associated with different UERS. Other than using rank one random beamforming based spatial diversity, Alamouti encoding based spatial diversity can be applied if two UERS can be used together for Alamouti encoding/decoding for the two eREGs.
In section 2.2 we have shown that frequency diversity order 4 has better link level performance than spatial diversity. Thus frequency diversity should firstly be used to achieve diversity order of 4 whenever possible before spatial diversity is employed.
Observation 5: Frequency diversity should be considered with higher priority than spatial diversity in order to achieve diversity order 4 for distributed ePDCCH transmission.
4. Conclusion
In this contribution we compared two options that are used to achieve the same diversity order for distributed ePDCCH transmission from different perspectives including link level performance, inter-cell interference measurement and narrow band LTE systems, etc. Furthermore, we also share our view on different spatial diversity schemes. The observations are recaptured as following:
Observation 1: Compared to spatial diversity based eCCE to eREG mapping, frequency diversity based eCCE to eREG mapping can work with any number of Tx antennas at eNB.
Observation 2: For the same diversity order target, frequency diversity has better performance than spatial diversity for distributed ePDCCH transmission.
Observation 3: If Option 1 is used, the interference measured from UERS can deviate from the interference generated by the DCI REs.

Observation 4: Achieving high frequency diversity order in narrow band LTE systems without allowing ePDCCH/PDSCH co-exists in the same PRB pair can assume too much overhead. The best approach to address this concern is to re-visit the ePDCCH/PDSCH co-existing assumptions in future LTE releases.
Observation 5: Frequency diversity should be considered with higher priority than spatial diversity in oreder to achieve diversity order 4 for distributed ePDCCH transmission.
Based on these observations, we have the following proposal:

Proposal: 
Frequency diversity based distributed eCCE to eREG mapping (Option 2) should be used for distributed ePDCCH transmission. One eCCE should contain 4 eREGs.
If spatial diversity is employed, it is only for distributed eCCE. And rank 1 beamforming based spatial diversity is slightly preferred to Alamouti encoding based spatial diversity
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6. Appendix
Table 1 Simulation Parameters

	Parameter
	Value

	System bandwidth
	10 MHz

	Channel model
	SCM-E 30kmph / ETU 70Hz

	Antenna configuration
	xx->+, for SCME / ULA for ETU

	CSI Feedback
	N.A. (Open Loop)

	MCS
	QPSK/rank 1

	DCI size
	26 bits carried by AGL 1 or AGL 2

	Channel estimation
	2D-MMSE

	Receiver
	Basic MMSE

	Reference signal
	4 CSI-RS ports / 4 UERS ports/ 2 CRS ports

	UERS Configuration
	Always assume ports 7&8 are used
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