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1. Introduction
In RAN1#69, several agreements on eREG and eCCE structures have been made as follows [1]:
Agreement:
· 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} (FFS, revisit on Wed to narrow down – 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) 

· FFS whether ePDCCH can be transmitted in PRB pairs in which:

· PBCH is transmitted

· PSS/SSS is transmitted

· PSS/SSS collide with DMRS

In this contribution, detailed eREG and eCCE structures for EPDCCH is discussed.
2. Discussion
2.1. Use of eREGs for eCCE definition
The basic design should be unified between localized and distributed EPDCCH transmissions in order to avoid excessive standardization effort. For distributed transmission, introducing of eREG has been agreed for a resource unit of eCCE definition. Therefore, the same eREG should be introduced as the resource unit for localized transmission. In addition, the common resource unit provides easier multiplexing of localized and distributed EPDCCHs in a PRB pair so that the utilization of the physical resources is improved. In this sense, it is preferable to use eREGs for eCCE definition regardless of types of EPDCCH transmission.
Proposal 1:

· eREG should be the resource unit of eCCE both for localized and distributed transmission.
Furthermore, for both of localized and distributed EPDCCH transmissions, the number of eREGs constituting an eCCE should be the same so as to unify the eCCE size. This makes the adaptation control of aggregation levels simpler.
Proposal 2:

· The number of eREGs constituting an eCCE should be common regardless of types of EPDCCH transmission, i.e. localized or distributed transmission.
2.2. The number of eCCE in a PRB pair for localized transmission
For normal CP, there are 144 REs in a PRB pair in a normal subframe excluding 24 DMRS REs. For localized transmission, if it is assumed eCCE has the same size as the legacy CCE, i.e. 36 REs, a PRB pair has the suitable size of placing four eCCEs. Hence, it is preferable that each eCCE consists of 36 REs. Here, in each eCCE, the number of REs which actually transport DCI messages could be less than 36 since the 144 REs includes REs mapped by legacy control channels, CRS, etc.
Proposal 3:

· For localized transmission, the number of eCCEs within a PRB pair in a normal subframe should be four independent to the overhead of other signals.
2.3. The number of eREGs in a PRB pair

Next, the eCCE design of distributed transmission is considered based on the size of 36 REs as discussed above. In RAN1#69, it has been agreed that the distributed transmission is supported also for aggregation level 1. Taking into account the adequate diversity order even for aggregation level 1, each eCCE should consist of 2 or 4 eREGs which are placed in the different PRB pairs one another. Further, 4 eREGs consisted by an eCCE is slightly preferred because of the diversity gain. Consequently, the 144 REs in a PRB pair are divided into 16 equal-sized non-overlapping eREGs.
Proposal 4:
· The 144 REs in a PRB pair should be divided into 16 equal-sized non-overlapping eREGs.
2.4. Differences of the number of available REs among eCCEs
As discussed in the previous section, although eCCE size is 36 REs, the number of available REs in eCCEs which actually transport DCI messages could be less than 36 depending on the existence of colliding signals. If eCCEs vary in amount of available REs due to the colliding signals, the adaptation control of aggregation levels becomes quite complex. Therefore, the differences of the numbers of the available REs among eCCEs should be minimized in order to relax the load of the adaptation at eNBs. Especially, the differences should not be affected by patterns of legacy control channels and CRS. Table 1 shows the maximum differences of the numbers of available REs among eCCEs for four examples of equal-sized non-overlapping eREG pattern. The exact patterns are shown in Annex A.
For several patterns, the maximum differences of the numbers of available REs among eCCEs can be at most one.

Table 1: Maximum difference of the number of available REs among eCCEs (16 eREGs / PRB pair)
	The number of OFDM symbols for PDCCH
	0
	1
	2
	3

	The number of CRS ports
	-
	1
	2
	4
	1
	2
	4
	1
	2
	4

	eREG pattern A: Frequency-first mapping
	0
	6
	5
	6
	7
	7
	8
	5
	5
	7

	eREG pattern B: FDM base
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0

	eREG pattern C: Checkered
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0

	eREG pattern D: FDM/TDM base
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0


Proposal 5:

· The differences of the numbers of available REs among eCCEs should be minimized regardless of patterns of legacy control channels and CRS.
· The difference should be one at most.
2.5. Inter-TP randomization
Although one of key features of EPDCCH is FDM-base coordination among transmission points (TPs), the same PRB resources could be used in multiple TPs. In addition, power boosting for EPDCCH transmission may be performed by eNB with the transparent manner. In this case, inter-TP interference is possibly a problem. Therefore, the inter-TP randomization should be taken into account. 
Proposal 6:

· Inter-TP randomization should be taken into account.
3. Conclusion

Based on the above discussion, Sharp proposes that:
Proposal 1:

· eREG should be the resource unit of eCCE both for localized and distributed transmission.
Proposal 2:

· The number of eREGs constituting an eCCE should be common regardless of types of EPDCCH transmission, i.e. localized or distributed transmission.
Proposal 3:

· For localized transmission, the number of eCCEs within a PRB pair in a normal subframe should be four independent to the overhead of other signals.
Proposal 4:

· The 144 REs in a PRB pair should be divided into equal-sized non-overlapping 16 eREGs.
Proposal 5:

· The differences of the numbers of available REs among eCCEs should be minimized regardless of patterns of legacy control channels and CRS.
· The difference should be one at most.

Proposal 6:

· Inter-TP randomization should be taken into account.
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5. Annex A
5.1. Equal-sized non-overlapping eREG patterns (16 eREGs in a PRB pair)

· eREG pattern A: Frequency-first mapping
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Figure A1: Frequency-first mapping (16 eREGs in a PRB pair).

· eREG pattern B: FDM base
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Figure A2: FDM base (16 eREGs in a PRB pair).
· eREG pattern C: Checkered
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Figure A3: Checkered (16 eREGs in a PRB pair).
· REG pattern D: FDM/TDM base
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Figure A4: FDM/TDM base (16 eREGs in a PRB pair).
5.2. Equal-sized non-overlapping eREG patterns (8 eREGs in a PRB pair)

Table B1: Maximum difference of the number of available REs among eCCEs (8 eREGs / PRB pair)

	The number of OFDM symbols for PDCCH
	0
	1
	2
	3

	The number of CRS ports
	-
	1
	2
	4
	1
	2
	4
	1
	2
	4

	eREG pattern A: Frequency-first mapping
	0
	5
	7
	5
	8
	6
	8
	4
	4
	6

	eREG pattern B: FDM base
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0

	eREG pattern C: Checkered
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0

	eREG pattern D: FDM/TDM base
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0


· eREG pattern A: Frequency-first mapping
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Figure A5: Frequency-first mapping (8 eREGs in a PRB pair).

· eREG pattern B: FDM base
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Figure A6: FDM base (8 eREGs in a PRB pair).
· eREG pattern C: Checkered
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Figure A7: Checkered (8 eREGs in a PRB pair).
· REG pattern D: FDM/TDM base
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Figure A8: FDM/TDM base (8 eREGs in a PRB pair).






