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1. Introduction
In RAN1 session #67, the follow points were agreed.
· Both localised and distributed transmission of the enhanced control channel are supported.
· At least for localised transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel
· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS
Moreover, in RAN1 session # 68, it’s proposed that the eCCE could be distributed across multiple PRB paris in distributed transmission [1] though there is no conclusion in RAN1 yet.   This paper provides our views on eCCE structure design for distributed transmission of ePDCCH, and simulation results are provided to compare the performance among different designs. 



2. Discussion
The characters of Rel-8/9/10 PDCCH are as follows

· The CCE is the minimum logical resource unit with 36 REs. And each CCE is composed of 9 REGs (4 REs per REG).

· Different CCE aggregation levels could be applied based on the channel condition. 

· The common search space and UE-specific search space are defined for different types of DCIs.

· UEs blind decodes legacy PDCCH in a search space.

However, the eCCE, a concept like CCE, is too coarse to exploit diversity gain in distributed transmission. Further, the RE number within a CCE varies with the application scenarios. Take 4 eCCEs per PRB pair as an example, an eCCE consists of 38REs in nonbackward compatible carrriers, but only 29 REs in backward carrier with 2 OFDM symbols for legacy PDCCH. 

Therefore, the eREG, a REG-like concept, is defined to improve the performance of distributed ePDCCH with random beamforming. Here, it’s assumed that precoding matrices are randomly selected for each eREG. Table 1 lists the RE number per eREG under different configurations. Note that only CRS and DMRS in case of 2 trasnmit antennas are taken consideration, and 4 eCCEs within a PRB pair. 
Table 1    RE number per eREG under different configurations
	
	REs /eCCE
	REs /eREG

	
	
	2 eREGs/eCCE
	4 eREGs/eCCE
	6 eREGs/eCCE

	Without CRS
	38
	{19, 19}
	{10, 10, 9, 9}
	{7,7, 6, 6, 6, 6}

	Legacy
PDCCH
length
	1-OFDM
	32
	{16, 16}
	{8, 8, 8, 8}
	{6, 6, 5, 5, 5, 5}

	
	2-OFDM
	29
	{15, 14}
	{8, 7, 7, 7}
	{5, 5, 5, 5, 5, 4}

	
	3-OFDM
	26
	{13, 13}
	{7, 7, 6, 6}
	{5, 5, 4, 4, 4, 4}


3. Link level performance of ePDCCH 
In the simulation, random beamforming is applied for distributed ePDCCH. The simulation assumptions are listed in Table 2.  
Table 2   Simulation assumptions
	Parameters
	Value

	Antenna configurations
	2×2 

	Channel model
	ETU,  SCM 

	DCI format
	Format 2 (31bits +16 bits)

	System Bandwidth
	10MHz

	Modulation
	QPSK

	Carrier Frequency
	2.0 GHz

	Legacy PDCCH length
	2-OFDM symbol

	Transmission scheme
	Random beamforming

	Precoding matrix
	R-10 Codebook


Figure 1 and Figure 2 show the 2×2 BLER performance of distributed ePDCCH with random beamforming under ETU channel and SCM channel, respectively. If one eCCE is partitioned into several eREGs, each eREG locates in different PRB-pair in the simulation. From the results, it could be concluded that the performance improves with the increase of eREG number per eCCE.  Compared to the case of one eREG per eCCE, i.e., localized eCCE, 1.5 and 1.1  dB gain could be obtained for ETU and SCM channel models, respectively, if 2 eREGs per eCCE is applied under the aggregation level of 2 eCCEs.  However, with the increse of eCCE aggregation level, the gain introduced by eREG order shrinks.  Take SCM channel as an example,  the gains under 2-AL, 4-AL and 8-AL are 0.8 dB, 0.4 dB and 0.4 dB, compared 4 eREGs per eCCE with 2 eREGs per eCCE. And there’s no gain for 6 eREGs/eCCE over 4 eREGs/eCCE, basically. In other words, there is no need to distribute an eCCE into more than 4 PRB-pairs to obtain sufficient frequency diversity.
The 4×2 BLER performance of distributed ePDCCH under different channel models is shown in Figure 3 and Figure 4. Similar to the trend in Figure 1 and Figure 2, the performance improves with the increase of eREG number per eCCE, i.e., the diversity order by eCCE partitioning. And the gain converges with the increase of the partitioning order.  The 1% BLER performances under different cases are summarized in Table 3. 
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Figure 1    2×2 BLER performance of ePDCCH with different eREG numbers per eCCE under ETU channel
[image: image2.png]100.00%

T
T
|
10.00% \ AR \\
B\ \ &
\ \. AL
\ —0—1-eREG

\
AN v N\ N s
&ﬁ) \\“\\ \ﬁ‘\‘\ —<6-eREG

1.00% 8-A W\
e\ S — A N
\ N\ W\ S
\ AR VA L

0.10%





Figure 2   2×2 BLER performance of ePDCCH with different eREG numbers per eCCE under SCM channel
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Figure 3   4×2 BLER performance of ePDCCH with different eREG numbers per eCCE under ETU channel
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Figure 4   4×2 BLER performance of ePDCCH with different eREG numbers per eCCE under SCM channel

Table 3   Required SNR values for 1% BLER 
	2×2
	1-eREG
	2-eREG
	4-eREG
	6-eREG

	ETU
	2-AL
	9.5 dB
	8.0 dB
	7.2 dB
	7.2dB

	
	4-AL
	5.0 dB
	4.3 dB
	4.0 dB
	4.0 dB

	
	8-AL
	1.5 dB
	1.0 dB
	1.0  dB
	1.0  dB

	SCM
	2-AL
	9.2 dB
	8.1 dB
	7.3 dB
	7.0 dB

	
	4-AL
	4.8 dB
	4.2 dB
	3.8 dB
	3.7 dB

	
	8-AL
	1.9 dB
	1.2 dB
	0.8 dB
	0.8 dB

	4×2
	1-eREG
	2-eREG
	4-eREG
	6-eREG

	ETU
	2-AL
	9.2 dB
	8.1 dB
	7.4 dB
	7.0 dB

	
	4-AL
	4.8 dB
	4.4 dB
	3.8 dB
	3.8 dB

	
	8-AL
	1.5 dB
	1.0 dB
	0.9 dB
	0.8 dB

	SCM
	2-AL
	9.4 dB
	8.5 dB
	7.8 dB
	7.2 dB

	
	4-AL
	5.2 dB
	4.3 dB
	4.9 dB
	4.8 dB

	
	8-AL
	1.5 dB
	1.0 dB
	0.8 dB
	0.8 dB


From the observations in the figures, the following conclusion could be drawn

Observation  #1:  It is beneficial to distribute REs of an eCCE into multiple PRB-pairs to exploit the frequency diversity.  The diversity order of 4 is recommended.  In addition, this scheme can further enhance the decoding performance of ePDCCH if random beamforming is applied.
4. Conclusion

In this paper, the eCCE structure for ePDCCH is discussed. To conclude this paper, the following proposal is proposed.  
Proposal  #1:  An eCCE is distributed into multiple PRB-pairs to exploit the frequency diversity. How many PRB-pairs should an eCCE be distributed into is FFS.
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