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1. Introduction
In RAN1#70, we agreed on basic EREG and ECCE structures [1]. In this contribution, the remaining details of EREG and ECCE structures are discussed.
2. Discussion
2.1. ECCE to EREG mapping
In RAN1#70, it was agreed that EREG indices are sequentially mapped to the REs except REs for DMRS in a frequency first and then time manner within each PRB pair. Also, it was agreed that an ECCE is formed by 4 or 8 EREGs depending on subframe configuration and cyclic prefix type.

ECCE to EREG mapping for localized transmission
For localized transmission, an ECCE has to be formed by EREGs which have different EREG indices at least when an EPDCCH consists of ECCEs within a PRB pair. 
In RAN1#70, it was proposed that ECCE is formed by EREGs within a group where the EREGs have the same values of “EREG index modulo 4” as shown Figure 2 [2]. Also, Figure 3 shows that the same principle is applied in the extended CP case. Namely, ECCE is mapped to EREGs within a group where the EREGs have the same values of “EREG index modulo X”; X equals 4 or 2 may be used when an ECCE is formed by 4 or 8 EREGs respectively. In this case, the differences of the numbers of the available REs among ECCEs can be minimized as shown in Alt.2 in Table 1.
Therefore, we propose:
Proposal 1:

· For localized transmission,
· ECCE is mapped to EREGs which share the same values of “EREG index modulo 4” when an ECCE is formed by 4 EREGs,
· ECCE is mapped to EREGs which share the same values of “EREG index modulo 2” when an ECCE is formed by 8 EREGs.
ECCE to EREG mapping for distributed transmission (EREG indices)
As for an ECCE to EREG mapping for distributed transmission, two alternatives were proposed in RAN1#70 as follows. Figure 1 shows an example of these alternatives.
· Alt.1: an ECCE is formed by EREGs which have the same EREG indices
· Alt.2: an ECCE is formed by EREGs which have the different EREG indices and the same value of “EREG index modulo X” as is in cases of localized transmission [2, 3].
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Figure 1: An example of ECCE to EREG mapping for distributed transmissions (Alt.1 and Alt.2)

In Alt.1, an ECCE is formed by EREGs of the same EREG indices in different PRB pairs. For example, when an ECCE is formed by 4 EREGs, one of the ECCE is formed by EREG #0 in PRB pair #0, EREG #0 in PRB pair #1, EREG #0 in PRB pair #2, and EREG #0 in PRB pair #3.
In Alt.2, an ECCE is formed by EREGs of different EREG indices in different PRB pairs. Each ECCE is formed by 4/8 EREGs of the same EREG group as shown in Figs. 2 and 3. Each EREG group consists of 4 or 8 EREGs which have the same values of “EREG index modulo X”; X equals 4 or 2 may be used when an ECCE is formed by 4 or 8 EREGs respectively. In Figs. 2 and 3, different colour indicates different EREG group. For example, when an ECCE is formed by 4 EREGs, an ECCE is formed by EREG #0 in PRB pair #0, EREG #4 in PRB pair #1, EREG #8 in PRB pair #2, and EREG #12 in PRB pair #3. 
[image: image2.emf]1

0

3

2

5

4

7

6

9

8

11

10

13

12

15

14

1

0

3

2

5

4

7

6

9

8

11

10

13

12

15

14

1

0

3

2

5

4

7

6

9

8

11

10

13

12

15

14

1

0

3

2

5

4

7

6

9

8

11

10

13

12

15

14

1

0

3

2

5

4

7

6

9

8

11

10

13

12

15

14

1

0

3

2

5

4

7

6

9

8

11

10

13

12

15

14

1

0

3

2

5

4

7

6

9

8

11

10

13

12

15

14

1

0

3

2

5

4

7

6

9

8

11

10

13

12

15

14

1

0

3

2

5

4

7

6

9

8

11

10

13

12

15

14

   [image: image3.emf]1

0

3

2

5

4

7

6

9

8

11

10

13

12

15

14

1

0

3

2

5

4

7

6

9

8

11

10

13

12

15

14

1

0

3

2

5

4

7

6

9

8

11

10

13

12

15

14

1

0

3

2

5

4

7

6

9

8

11

10

13

12

15

14

1

0

3

2

5

4

7

6

9

8

11

10

13

12

15

14

1

0

3

2

5

4

7

6

9

8

11

10

13

12

15

14

1

0

3

2

5

4

7

6

9

8

11

10

13

12

15

14

1

0

3

2

5

4

7

6

9

8

11

10

13

12

15

14


   (a) Normal CP                     (b) Extended CP
Figure 2: EREG group for ECCE to EREG mapping when an ECCE is formed by 4 EREGs
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   (a) Normal CP                     (b) Extended CP

Figure 3: EREG group for ECCE to EREG mapping when an ECCE is formed by 8 EREGs

We believe differences of the numbers of available REs among ECCEs has the serious impact on ECCE to EREG mapping and it should be taken into account. If the number of available REs within each ECCE in a subframe varies among ECCEs due to colliding signals, e.g. legacy control channel region and CRS, an eNB has to have a complex scheduler to deal with the complex adaptation control for aggregation levels.

Therefore, we believe the differences of the numbers of the available REs among ECCEs should be minimized in order to make eNB scheduler less complex. To make eNB scheduler less complex, we believe the differences should be affected by patterns of the colliding signals as little as possible. 
Table 1 shows maximum difference of the number of available REs among ECCEs for distributed transmission. According to this table, an ECCE to EREG mapping of Alt.2 can achieve to minimize the maximum difference of the number of available REs among ECCEs.
Moreover, by applying alt.2 for both localized and distributed transmission, we can maximize the commonality of the mapping rules between two transmissions. Therefore, we propose that Proposal 1 should be applied for both distributed and localized transmission.
Table 1: Maximum difference of the number of available REs among ECCEs for distributed transmission when an ECCE is formed by 4 EREGs
	The number of OFDM symbols for PDCCH
	0
	1
	2
	3

	The number of CRS ports
	0
	1
	2
	4
	1
	2
	4
	1
	2
	4

	Normal CP
	Alt.1: same EREG indices
	0
	8
	8
	8
	12
	12
	12
	8
	12
	12

	
	Alt.2: different EREG indices
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0

	Extended CP
	Alt.1: same EREG indices
	0
	12
	12
	8
	12
	12
	8
	12
	12
	8

	
	Alt.2: different EREG indices
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0


Proposal 2:

· The common association from ECCE indices to EREG indices should be applied for both distributed and localized transmission.

· The associations from ECCE indices to PRB pair indices are different between distributed and localized transmission.

ECCE to EREG mapping for distributed transmission (PRB indices)
It was agreed that an EPDCCH set is defined as a group of N PRB pairs. Also, it was agreed as a working assumption that N={1 (FFS), 2, 4, 8} for localized transmission and N={2, 4, 8, 16 (FFS)} for distributed transmission. 
For the localized transmission, EREGs associated to an ECCE should be EREGs in the same PRB pair in order to obtain a precoding gain.
For the distributed transmission, EREGs associated to an ECCE should be distributed to multiple PRB pairs. In order to obtain a frequency diversity gain, we think EREGs should be distributed to at least four PRB pairs. Meanwhile, considering PRB pairs sharing between EPDCCH and PDSCH, EPDCCH should be distributed to as few PRB pairs as possible. Therefore, we think that EREGs associated to an ECCE are distributed to at most four PRB pair.
Table 2 shows groups of PRB pair indices that EREGs associated to an ECCE are mapped. The ECCE should be formed by EREGs in the PRB pairs shown in Table 2. Figure 4 shows an example of ECCE to EREG mapping in an EPDCCH set for the distributed transmission. In this figure, number in each box shows EREG index, and EREGs highlighted in yellow are associated to an ECCE.
Table 2: Groups of PRB pair indices that EREGs associated to an ECCE are mapped for distributed transmission
	
	4 EREG for an ECCE
	8 EREG for an ECCE

	2 PRB pair for an EPDCCH set
	<PRB 0, PRB 1, PRB 0, PRB 1>
	<PRB 0, PRB 1, PRB 0, PRB 1, PRB 0, PRB 1, PRB 0, PRB 1>

	4 PRB pair for an EPDCCH set
	<PRB 0, PRB 1, PRB 2, PRB 3>
	<PRB 0, PRB 1, PRB 2, PRB 3, PRB 0, PRB 1, PRB 2, PRB 3>

	8 PRB pair for an EPDCCH set
	<PRB 0, PRB 2, PRB 4, PRB 6>
 or

<PRB 1, PRB 3, PRB 5, PRB 7>
	<PRB 0, PRB 2, PRB 4, PRB 6, PRB 0, PRB 2, PRB 4, PRB 6>

or

<PRB 1, PRB 3, PRB 5, PRB 7, PRB 1, PRB 3, PRB 5, PRB 7>
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(a) In case of 2 PRB pairs for an EPDCCH set
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(b) In case of 4 PRB pairs for an EPDCCH set
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(c) In case of 8 PRB pairs for an EPDCCH set
Figure 4: An example of ECCE to EREG mapping in an EPDCCH set for distributed transmission
Proposal 3:

· For the distributed transmission, EREGs associated to an ECCE should be distributed to at most four PRB pair.
2.2. Inter-TP randomization for EREG structure in the case that the same PRB resources are shared among multiple TPs
In one configuration, 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 may be an issue. Therefore, the inter-TP randomization should be taken into account. Cyclic shift of the assigned EREG indices in each OFDM symbol is a promising solution to achieve inter-TP randomization. Considering the inter-TP randomization, the cyclic shift should be TP-specific and how to configure is FFS. Moreover, even when the cyclic shift is applied for the EREG indices, the EREG structure should not affect the difference of the numbers of the available REs among ECCEs. A way to realize such cyclic shift is that the cyclic shift is based on incremental value n of the cyclic shift for OFDM symbol and offset value nof the cyclic shift for all OFDM symbols. Then the number of cyclic shift ncs in each OFDM symbol is obtained by ncs=l*n+n where l is OFDM symbol number within a subframe (l=0,1,...,13). Since the parameters n and n have 12 possible values respectively, 144 different EREG structures are available. Figure 5 shows an example of TP-specific cyclic shift.
Figure A in Annex shows cumulative probabilities of the number of REs which are interference free in the cases where 4, 8 and 12 EREGs within a PRB pair are used in the interfering TP respectively. According to these figures, the cyclic shift alleviates full collision of REs in each EREG due to neighbouring TP. Therefore, we believe it should be supported that TP-specific cyclic shift of the assigned EREG indices in each OFDM symbol so as to realize the inter-TP randomization.
On one hand, ECCE-level inter-TP coordination has been proposed to achieve interference coordination in ECCE-level [4]. This mechanism is also effective when eNB knows EREGs used by the neighbour cells. However, in this case, EREG structures have to be the same between adjacent cells. Therefore, it should be configurable whether the cyclic shift is applied to the EREG or not if both the inter-TP randomization and the ECCE-level inter-TP coordination is taken into account.
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    (a) n=2, n=3                       (b) n=1, n=5

Figure 5: An example of TP-specific cyclic shift of EREG indices in each OFDM symbol
Proposal 4:

· TP-specific cyclic shift of the assigned EREG indices in each OFDM symbol should be supported.
· EREG structure obtained by the cyclic shift should keep the difference of the numbers of the available REs among ECCEs minimum.
· It is configurable whether the cyclic shift is applied to the EREG or not.
3. Conclusion

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

· For localized transmission,
· ECCE is mapped to EREGs within a group where the EREGs have the same values of “EREG index modulo 4” when an ECCE is formed by 4 EREGs,
· ECCE is mapped to EREGs within a group where the EREGs have the same values of “EREG index modulo 2” when an ECCE is formed by 8 EREGs.
Proposal 2:

· The common association from ECCE indices to EREG indices should be applied for both distributed and localized transmission.

· The associations from ECCE indices to PRB pair indices are different between distributed and localized transmission.
Proposal 3:

· For the distributed transmission, EREGs associated to an ECCE should be distributed to at most four PRB pair.
Proposal 4:

· TP-specific cyclic shift of the assigned EREG indices in each OFDM symbol should be supported.
· EREG structure obtained by the cyclic shift should keep the difference of the numbers of the available REs among ECCEs minimum.
· It is configurable whether the cyclic shift is applied to the EREG or not.
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5. Annex
Figure A shows the cumulative probability as a function of the number of interference-free REs within an EREG when an interfering TP uses a given number of EREGs. (a), (b) and (c) in Figure A show the case where 4, 8 and 12 EREGs are used at the interfering TP respectively. The blue and red lines indicate cases with and without cyclic shift respectively. For the no cyclic shift case, n and n are set to 0 in both “Interferer” and “Interferee”, i.e. the interfered and the interfering TPs. On the contrary, n and n are randomly selected with respect to each TP in the cyclic shift case. Regarding horizontal axis, i.e. the number of interference-free REs, interference from another TP gets stronger on the left side. 
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(a) In the case that 4 EREGs are used in the interfering TP.

[image: image12.emf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 1 2 3 4 5 6 7 8 9

Cumulative

probability

The number of interference free REs

w/o CS

w/ CS


(b) In the case that 8 EREGs are used in the interfering TP.
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(c) In the case that 12 EREGs are used in the interfering TP.

Figure A: Cumulative probability as a function of the number of interference free REs

Table A: Simulation assumption in Figure A
	The number of used EREGs at interfered TP (i.e, Interferee)
	16

	The number of interfering TP(s) (i.e, Interferer)
	1

	The number of used EREGs at an interfering TP (i.e, Interferer)
	4/8/12

	Incremental value n and offset value n for cyclic shift
	Random at “Interferer” and “Interferee” in “w/CS” case








