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1. Introduction

In RAN1 69 it has been agreed that:
1) Distributed transmission should be supported also for aggregation level 1
2) At least for distributed transmission

a) An eCCE is formed by grouping of multiple eREGs 

b) An eCCE groups eREGs located in multiple PRB-pairs

c) Detailed design of the eREG mappings are FFS

3) The spatial diversity scheme for ePDCCH is implementation-dependent beamforming

Despite the agreement above, the eREG size remains undetermined. Since the design for distributed ePDCCH may vary with the eREG size, it is desirable to decide on the eREG size as soon as possible. In this contribution, we compare two different eREG sizes (4 and 9 REs) and their corresponding designs for distributed ePDCCH by system level simulations.
2. eREG definition
In order to make the comparison fair and also simplify the system level simulations, we use four PRB pairs for both options (eREG size 4 and 9), which are segmented into 16 eCCEs. In addition, we use a cell common PRB pair configuration such that ePDCCH has no negative impact on the PDSCH decoding performance, especially when advanced receiver is applied to decode PDSCH [2]. In a 10MHz system, four PRB pairs account for 8% overhead which is close to the overhead of one OFDM symbol in legacy system. We optimize the ePDCCH performance under this minimum overhead. Furthermore, four UERS ports {107, 108, 109, 110} are configured in each PRB pair for both options so that the channel estimation performances are the same in both options.
Option 1: eREG size = 4 REs [3]
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Figure 1, eREG = 4 REs
Figure 1 gives an example of packing 36 eREGs into one PRB pair and each eREG has 4 REs. eREGs 0~8 + 9N are associated with UERS port (107 + N), where N equals 0 to 3. For simplicity, we keep the mapping the same for all the PRB pairs. The 144 eREGs of four PRB pairs are indexed. The ith eCCE within the group of four PRB pairs is mapped to 9 eREGs, i.e., {i, i+16, i+32, i+48, i+64, i+80, i+96, i+112, i+128}. Thus the 9 eREGs of each eCCE are evenly distributed within the four PRB pairs to gain the frequency diversity. Besides frequency diversity, we can obtain antenna diversity gain with the two eREGs of each eCCE in one PRB pair. To model the interference randomization, each cell has a random eREG order within each PRB pair. Thus the two eCCEs of two neighbouring cells usually overlap partially.
Option 2: eREG size = 9 REs [2]
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Figure 2, eREG = 9 REs
Figure 2 gives an example of option 2 by packing 16 eREGs into one PRB pair. Each eREG consists of 9 REs. The eREGs 0~3 + 4N are associated with UERS port (107 + N), where N equals 0 to 3. The 64 eREGs of four PRB pairs are indexed. The ith eCCE in the four PRB pairs is mapped to eREGs {i, i+16, i+32, i+48}. Since each eCCE only has 1 eREG in one PRB pair, there is no antenna diversity for each single eCCE’s eREGs inside one PRB pair. Another difference from option 1 is the eREG to RE mapping is cell common. Thus the two eCCEs of neighbouring cells are either completely orthogonal or completely overlapped. The cell common eCCE to RE mapping makes it possible to coordinate ePDCCH interference within one PRB pair [1] [2]. This improves the control channel performance over Rel. 8 control channel. 
In the simulation we have implemented intra-PRB ICIC scheme, the details can be found in section 4. Since the ICIC is implemented using an eNB preference instead of hard restriction, there is no compromise to the PDCCH blocking probability.
3. System level evaluation of ePDCCH
In order to make the comparison as fair as possible, we set the aggregation level for both options using geometries and keep the same geometry throughout the simulation. We test both options using either wideband CSI feedback PUCCH 1-1 or subband CSI feedback PUSCH 3-1. When full buffer is simulated, the CSI feedback determines the control load. The control load is low when wideband CSI is reported; otherwise the control load is high. For the beamforming weight setting, we tested both random beamforming and opportunistic closed loop beamforming. In the case of random beam forming, we use the first four rank 1 codewords in the 4Tx codebook to beamform the four UERS ports and their associated eREGs in each PRB pair. The precoder to UERS port association changes in each PRB pair, therefore, all the eREGs in one eCCE of option 2 are beamformed with different weights. Since the eCCE of option 1 has more eREGs than option 2, it can have some more antenna diversity inside one PRB pair than option 2. In the case of opportunistic closed loop beamforming, the beamforming weights are computed after the ePDCCH scheduling decision. If two eCCEs of two UEs share the same UERS port and the PMIs of two UEs are the same, closed loop beamforming can be applied; otherwise random beamforming is applied. Thus closed loop beamforming doesn’t compromise ePDCCH blocking and the benefit of closed loop beamforming is decreased when the control load increases. This is because the eREGs of multiple UEs may be associated with the same antenna port. In this case, closed loop can be applied only if these UEs report the same PMI.
We plot the effective ePDCCH decoding SINRs observed from the simulations. Since each UE has its own decoding SINR distribution, we compare the system wide statistics for each individual UE’s ePDCCH decoding SINR. 
[image: image3.emf]0 5 10 15 20 25

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

ePDCCH effective SINR (dB)

cdf

PUCCH 1-1, SU-MIMO, ePDCCH RBF

 

 

eREG size 4

eREG size 9

                 [image: image4.emf]8 10 12 14 16 18 20 22 24 26

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

ePDCCH effective SINR (dB)

cdf

PUCCH 1-1, SU-MIMO, ePDCCH CL

 

 

eREG size 4

eREG size 9

    
Figure 3, PUCCH 1-1, SU-MIMO, ePDCCH RBF                  Figure 4, PUCCH 1-1, SU-MIMO, ePDCCH CL
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Figure 5, PUSCH 3-1, SU-MIMO, ePDCCH RBF             Figure 6, PUSCH 3-1, SU-MIMO, ePDCCH CL

Figures 3-6 compare the ePDCCH decoding SINR for both wideband and subband CSI feedback using random beamforming and opportunistic closed loop beamforming. The CDF is for each UE’s average ePDCCH decoding SINR throughout the simulations. Since the CDF for each UE’s 5%-ile ePDCCH decoding SINR shows similar differences between eREG sizes 4 and 9, we don’t plot them in this contribution. It can be seen that eREG size of 9 has 2dB-5dB decoding SINR gain over eREG size of 4 in all tested cases. For random beaming, the gain mainly comes from interference coordination. The interference coordination in eREG size 9 can completely avoids the interference for small to medium control loads but the interference randomization in eREG size 4 always suffers from partial overlapping among eCCEs. The interference coordination gain is higher in PUSCH 3-1 with medium control load than in PUSCH 1-1 with low control load. It is expected that the gain of interference coordination within one PRB pair diminishes as the control load because very high. The gain of wideband CSI reporting with closed loop ePDCCH transmission also mainly comes from interference coordination. The highest gain is observed for medium control load when PUSCH 3-1 and opportunistic closed loop ePDCCH transmission are used. This gain combines the gains from interference coordination and the increased chances of closed loop beamforming for eREG size 9.
Observation: for low to medium control load, eREG size 9 has up to 5 dB average decoding SINR gain over eREG size 4 when interference coordination and opportunistic closed loop beamforming are used for ePDCCH transmission.
4. Details of Intra PRB ICIC
In Figure 7, we give an example of implementing intra PRB ICIC in the four PRB pairs configured for ePDCCH transmission. Four ICIC coordination regions are defined. Each ICIC coordination region contains four eREGs in each of the ePDCCH PRB. When doing ePDCCH scheduling, three cells can set its scheduling preference over the four interference coordination regions. For example Cell A can set preference over four regions as {4, 0, 0, 3}. Cell B can set preference as {0, 4, 0, 3} and Cell C can set preference as {0, 0, 4, 3}. Here a larger number means that eNB has a higher preference for this region. X2 signalling maybe needed in order for the neighbouring cells to exchange the scheduling preference. Since eNB only applies scheduling preference instead of restriction, the PDCCH blocking probability doesn’t increase for the same amount of CCEs and blind decoding attempts.
Because the blind decoding candidates are over contiguous CCEs in the current search equation, it’s better to map one blind decoding candidate into one interference coordination region and evenly distribute multiple blind decoding candidates over all the interference coordination regions. This can maximize the interference coordination gain. 
The simplest way to achieve this is to define a logical eCCE index for each aggregation level and keep the physical eCCE index, which is used to locate PUCCH resources, unchanged. Thus the logical eCCE index doesn’t cause negative impact on the PUCCH resource collision. Examples of the logical eCCE index for aggregation level one and two are shown in Figure 7.
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Figure 7, Intra PRB ICIC and aggregation level specific logical eCCE index
5. Conclusion
In this contribution we compared two eREG sizes 4 and 9 using system level simulations. We have used 4 PRB pairs and cell common ePDCCH PRB configuration to compare the two eREG sizes. For eREG size 4, since we implemented the cell specific randomization in the simulations, the interference diversity effect is included in the results. For eREG size 9, we implemented cell common eCCE to RE mapping and also inter-cell interference coordination within the ePDCCH PRB pairs. We show in our results that interference coordination outperforms interference randomization in all cases. We also implemented both random beamforming and opportunistic closed loop beamforming for ePDCCH transmission. This further enlarges the performance gap between eREG size 4 and 9 by up to 5dB. Based on the simulation results, we propose below:
· Proposal 1: eREG size equals to 9 REs
· Proposal 2: eREG to RE mapping is cell common
· Proposal 3: Intra PRB pair ICIC is supported for ePDCCH
· Proposal 4:Logical eCCE index is defined for each aggregation level and physical eCCE index is used to map PUCCH resources
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7. Appendix A
Table 1 SLS Simulation Assumptions 
	Parameter
	Value

	Duplex mode and bandwidth
	FDD, 10 MHz

	Cellular Layout
	57 Macro cell

	Total Users in the system
	10 * 57

	Downlink transmission scheme
	SU MIMO with rank adaptation

	Traffic Model
	Full buffer

	Downlink scheduler
	Proportional Fair

	DMRS modelling
	Ideal

	CSI-RS modelling
	No

	CSI reporting mode
	PUCCH 1-1 or PUSCH 3-1

	Total number of RB in one SF
	50

	HARQ
	CC non-adaptive synchronous

	MIMO receiver type
	MMSE option 1 in CoMP evaluations

	Antenna configuration
	4 Tx at eNB, 2Rx at UE, ULA

	Control overhead
	0 OFDM symbol for legacy control 
24 UERS REs

	Channel model
	3GPP case 1

	Link error prediction technique
	EESM

	PDSCH Inter cell interference modelling
	Realistic

	ePDCCH PRB pairs
	PRB 0, 12, 24, 36

	eREG size
	4 or 9

	eCCE to eREG mapping
	Cell specific for eREG size 4
Cell common for eREG size 9

	ePDCCH interference modelling
	Realistic to each RE

	ePDCCH decoding SINR
	EESM

	ePDCCH transmission scheme
	Random beamforming or opportunistic closed loop beamforming

	ePDCCH aggregation level
	Configure using UE geometry and doesn’t change over the whole simulations

	ePDCCH search space equation
	Reuse the Rel. 10 search space equation

	ePDCCH Intra PRB pair ICIC
	Implemented for eREG size 9 and add logical eCCE indexing for each aggregation level as section 4

	Maximum ePDCCH SINR
	25dB
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