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1. Introduction
In RAN1 #69, the following was agreed.
· At least for distributed transmission, the 144 REs for normal CP in a PRB pair in a normal subframe (not counting the 24 DMRS REs) are divided into one of {8,12,16,24 or 36} (revisit at RAN1#70) equal-sized non-overlapping resource element groups (eREG)

· Detailed design of the eREG mappings are FFS

· An eCCE is formed by grouping of multiple eREGs 

· An eCCE groups eREGs located in multiple PRB-pairs

· For localized transmission, an eCCE is transmitted in one PRB-pair 

· FFS whether an eCCE for localized transmission is formed by grouping multiple eREGs

· The number of eCCEs within a PRB pair in a normal subframe is FFS between:

· 2 or 4 depending on overhead of other signals, and 

· 3 or 4 depending on overhead of other signals, and 

· 4 in at least the PRB pairs that do not contain PBCH/PSS/SSS

· The number of eCCEs in a PRB pair in a special subframe is FFS from 1 or 2 of {2,3,4} (FFS)

· FFS whether different special subframe configurations can have different value(s) 
According to the agreements, two levels of physical structure, eREG and eCCE, will be defined at least for the distributed transmission while at least eCCE will be defined for the localized transmission.  However, many physical design details still remains open, such as whether to introduce eREG in localized transmission, the number of eREGs in one PRB-pair, RE mapping of eREG etc.  In this paper, we provide our views on the related issues.


2. Discussion
2.1   Physical Structure of Distributed ePDCCH
In RAN1 #69, it was agreed that both eREG and eCCE will be defined for distributed ePDCCH for better frequency diversity gain.  However, there are still three remaining issues for further discussion.
1. The number of eREGs in an eCCE
2. The number of eREGs in a PRB-pair

3. RE mapping of an eREG

To decide the number of eREGs in a PRB-pair, the number of eREGs in an eCCE should be discussed first because the main purpose to have eREG is to support frequency diversity even for ePDCCH with aggregation level one (one eCCE).  Larger number of eREGs are supported in one eCCE; larger frequency diversity order can be obtained for ePDCCH.  
For performance comparison, simulation is conducted with the simulation assumptions shown in Table A-1 and A-2 in the appendix and simulation results are shown in Table 1.  According to the simulation results, for each aggregation level, the obtained additional frequency diversity gain due to the increase of diversity order decreases as the number of eREGs in an eCCE increases.  When the number of eREGs in an eCCE increases from 4 to 6, there is almost no additional frequency diversity gain (at most 0.2 dB) for all aggregation levels.  Since larger number of eREGs in an eCCE will segement the radio resources reserved for ePDCCH into more partitions and leave more segemented radio resources unable to be utilized, less number of eREGs in an eCCE is preferred.  Considering the best trade-off between the diversity gain and resource utilization efficiency, the number of eREGs in an eCCE should not be more than 4.  In other words, the number of eREGs in a PRB-pair should not be more than 16 if 4 eCCE are considered in a PRB-pair.
Observation #1: The additional diversity gain becomes very limited (at most 0.2 dB) when the number of eREGs in an eCCE increases from 4 to 6 when 4 eCCEs are assumed in a PRB-pair.  Therefore, there are no large benefits in frequency diversity to have more than 16 eREGs in a PRB-pair.
Table 1   Required SNR values for 1% BLER 

	2×2
	1-eREG
	2-eREG
	4-eREG
	6-eREG

	ETU
	1-AL
	14.0 dB
	12.3 dB
	11.6 dB
	11.4 dB

	
	2-AL
	7.5 dB
	6.0 dB
	5.2 dB
	5.2 dB

	
	4-AL
	3.0 dB
	2.3 dB
	2.0 dB
	2.0 dB

	
	8-AL
	-0.5 dB
	-1.0 dB
	-1.0  dB
	-1.0  dB

	SCM
	1-AL
	13.6 dB
	12.4 dB
	11.5 dB
	11.2 dB

	
	2-AL
	7.2 dB
	6.1 dB
	5.3 dB
	5.0 dB

	
	4-AL
	2.8 dB
	2.2 dB
	1.8 dB
	1.7 dB

	
	8-AL
	-0.1 dB
	-0.8 dB
	-1.2 dB
	-1.2 dB

	4×2
	1-eREG
	2-eREG
	4-eREG
	6-eREG

	ETU
	1-AL
	14.1 dB
	12.2 dB
	11.2 dB
	10.7 dB

	
	2-AL
	7.2 dB
	6.1 dB
	5.4 dB
	5.0 dB

	
	4-AL
	2.8 dB
	2.4 dB
	1.8 dB
	1.8 dB

	
	8-AL
	-0.5 dB
	-1.0 dB
	-1.1 dB
	-1.2 dB

	SCM
	1-AL
	14.1 dB
	12.2 dB
	11.2 dB
	10.7 dB

	
	2-AL
	7.4 dB
	6.5 dB
	5.8 dB
	5.2 dB

	
	4-AL
	3.2 dB
	2.3 dB
	1.9 dB
	1.8 dB

	
	8-AL
	-0.5 dB
	-1.0 dB
	-1.2 dB
	-1.2 dB


From the above observation, the number of eREGs in one eCCE should be limited to 2, 3 and.  Considering 4 eCCEs in a PRB-pair, there should be 8, 12 and 16 eREGs in a PRB-pair, respectively.  In order to avoid the complexity of the mapping design from eREGs to eCCEs, equal size property among eREGs should be kept as much as possible when we aim to have equal-size eCCEs.  Comparing 8, 12 and 16 eREGs in a PRB-pair, the percentage values of one RE variation in the eREG size are 5.56%, 8.33% and 11.11%, respectively.  It means it’s easier to control the eREG size similarity if there are fewer eREGs in a PRB-pair and the mapping design from eREGs to eCCEs becomes simpler.  Figure 1, 2, 3 illustrate the example designs for 8, 12, 16 eREGs in a PRB-pair.  Though the design of 16 eREGs in  a PRB-pair has large size variation, especially when there is legacy control region, the final size of the formed eCCEs can still be kept similar by a simple slot-pairing mapping rule.
Observation #2: It’s easier to have similar sizes among different eREGs if fewer number of eREGs in a PRB-pair is considered and thus there is less restriction and more flexibility on the mapping rule from eREGs to eCCEs.
Though it is beneficial to have 12 eREGs in a PRB-pair when considering the equal-size property of eREGs after RE puncturing for PDCCH region, there may be diversity gain imbalance when the number of PRB-pairs allocated for the distributed ePDCCH is not an integer number of 3 PRB-pairs.  For example, if the number of  PRB-pairs allocated for the distributed ePDCCH is four, without careful design on the mapping from eREGs to eCCEs, there may be 12 eCCEs with a diversity order of 3 and 4 eCCEs with a diversity order of 1 for the case of 12 eREGs in a PRB-pair.  Therefore, from our views, 8 or 16 eREGs in a PRB-pair are preferred. 
Observation #3: If there are 12 eREGs in a PRB-pair, there may be serious diversity order imbalance among the eCCEs consistuted from the eREGs when the number of PRB-pairs allocated for the distributed ePDCCH is not an integer number of 3 PRB-pairs.
Though the size of eREGs may be imbalanced when the example design of 16 eREGs in a PRB-pair in Figure 3 is considered, the similarity of the constituted eCCE size is the same as that in the example design of 8 eREGs in a PRB-pair in Figure 1 if each eCCE is formed by pairing the eREGs in the 1st and 2nd time slot.
Proposal #1:  Either 8 or 16 eREGs in a PRB-pair can be adopted for the eREG design in the distributed ePDCCH and each eCCE consists of 2 or 4 eREGs in different PRB-pairs, respectively.  The example eREG designs in Figure 1 and 3 can be considered in normal subframes with normal CP.
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Figure 1  RE mapping of eREGs for the case of 8 eREGs in a PRB-pair
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Figure 2  RE mapping of eREGs for the case of 12 eREGs in a PRB-pair
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Figure 3  RE mapping of eREGs for the case of 16 eREGs in a PRB-pair

Since the number of PRB-pairs allocated for the distributed ePDCCH can be any positive integer number starting from 2, the diversity order of an eCCE can be either a fixed value of 2 or increasing up to 4 with the number of allocated PRB-pairs.  According to Table 1, there is around 1.0 dB gain when the diversity order increases from 2 to 4 for aggregation level one.  With this additional gain, some of ePDCCHs may be able to use lower aggregation level for UE’s reception and it is very beneficial to further reduce the control overhead.  From our views, it should be allowed to increase the diversity order up to 4 when there are at least 4 PRB-pairs for distributed ePDCCH.  An easier way is to apply an frequency-domain hopping in the 2nd slot, just like PUSCH.  An example is illustrated in Figure 4.
Proposal #2:  Frequency hopping in the 2nd slot should be allowed inside the PRB-pairs for distributed ePDCCH to increase the diversity order up to 4 in an eCCE when the number of PRB-pairs is at least 4.
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Figure 4  Frequency hopping for the case of 8 eREGs in a PRB-pair
To obtain full frequency diversity gain, large enough frequency separation between the composing eREGs for one eCCE should be guaranteed.  For distributed transmission of ePDCCH, it is suggested to have at least 2 groups of reserved PRB-pairs separated with frequency separation larger than the coherent bandwidth.  When there are more PRB-pairs, at most 4 groups of reserved PRB-pairs can be applied.
Proposal #3:  For distributed transmission of ePDCCH, at least 2 groups of reserved PRB-pairs should be guaranteed and the frequency separation between two groups of reserved PRB-pairs should be larger than the coherent bandwidth.  When there are more PRB-pairs, at most 4 groups of reserved PRB-pairs except 3 groups can be applied.
2.2   Common Structure for Distributed and Localized ePDCCH
In RAN1 #69, it was agreed that there will be eCCEs defined in localized ePDCCH and whether eREG is needed is FFS.  For localized ePDCCH, there is no meaning to have one eCCE formed by grouping a couple of eREGs because the main purpose of eREGs is to provide frequency diversity gain for eCCEs in distributed ePDCCH.  However, considering to support the multiplexing of distributed and localized ePDCCH in one PRB-pair, a common physical structure is needed and eREGs become necessary in localized ePDCCH.  Whether to have eREGs in localized ePDCCH actually relates to the support of multiplexing of distributed and localized ePDCCH in one PRB-pair.  The main advantages to support it comes from two folds – 1) better resource utilization efficiency; 2) possible reduced channel estimates by reusing the channel estimates.  From the perspective of specification efforts, there is only small efforts to define eREGs in localized ePDCCH.  Therefore, we don’t see problems to support eREGs in localized ePDCCH and it is suggested to support a common physical structure for both distributed and localized ePDCCH to allow the multiplexing of two transmission schemes in one PRB-pair.
Proposal #4:  eREGs are defined and each eCCE consists of 2 or 4 eREGs in the same PRB-pair (depending on the number of eREGs in a PRB-pair) for localized ePDCCH so as to enable the possibility of multiplexing localized and distributed ePDCCHs in one PRB-pair.  However, whether to support the multiplexing is left as eNB implementation issue.


3. Conclusion

In this paper, we provide our views on the physical structure design of ePDCCH.  The proposals are concluded as follows.
Proposal #1:  Either 8 or 16 eREGs in a PRB-pair can be adopted for the eREG design in the distributed ePDCCH and each eCCE consists of 2 or 4 eREGs in different PRB-pairs.  The example eREG designs in Figure 1 and 3 can be considered in normal subframes with normal CP.
Proposal #2:  Frequency hopping in the 2nd slot should be allowed inside the PRB-pairs for distributed ePDCCH to increase the diversity order up to 4 in an eCCE when the number of PRB-pairs is at least 4.
Proposal #3:  For distributed transmission of ePDCCH, at least 2 groups of reserved PRB-pairs should be guaranteed and the frequency separation between two groups of reserved PRB-pairs should be larger than the coherent bandwidth.  When there are more PRB-pairs, at most 4 groups of reserved PRB-pairs except 3 groups can be applied.
Proposal #4:  eREGs are defined and each eCCE consists of 2 or 4 eREGs in the same PRB-pair (depending on the number of eREGs in a PRB-pair) for localized ePDCCH so as to enable the possibility of multiplexing localized and distributed ePDCCHs in one PRB-pair.  However, whether to support the multiplexing is left as eNB implementation issue.


Appendix
Table A-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}


Table A-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
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Figure A-1    2×2 BLER performance of ePDCCH with different eREG numbers per eCCE under ETU channel
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Figure A-2   2×2 BLER performance of ePDCCH with different eREG numbers per eCCE under SCM channel
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Figure A-3   4×2 BLER performance of ePDCCH with different eREG numbers per eCCE under ETU channel
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Figure A-4   4×2 BLER performance of ePDCCH with different eREG numbers per eCCE under SCM channel
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