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1 Introduction 

In RAN1 #70, the ECCE/EREG to RE mapping for EPDCCH was discussed and the following agreements were reached: 
Agreements: 

· The group of REs defined in spatial diversity transmission is 1 RE

· When distributed transmission is used, spatial diversity is used and each RE in a given PRB pair belonging to a given DCI is associated by specification with one of two APs alternately following the eREG mapping (FFS which two APs)  

· EPDCCH is not transmitted in PRB pairs that contain PBCH or PSS/SSS

· QPSK is the only modulation scheme for ePDCCH

Agreement for Distributed transmission: 

· eREG definition:

· A PRB pair is divided into 16 eREGs in both normal and special subframes and for normal and extended CP regardless of the presence of other signals

· 16eREGs has #0 to #15 indices

Agreement: 

· The specification supports the case that an eCCE is formed by N eREGs in distributed and localized
· N= 4 in following cases. (This corresponds to 4 eCCEs per PRB pair in localized transmission.)
· In normal subframe (normal CP) or special subframe configs 3,4,8 (normal CP) 

· N=8 in following cases. (This corresponds to 2 eCCEs per PRB pair in localized transmission)
· Special subframe configs 1,2,6,7,9 (normal CP)
· Normal subframe (extended CP) and special subframe configs 1,2,3,5,6 (extended CP) 

· Aggregation levels supported for EPDCCH are:

· In normal subframes (normal CP) or special subframe configs 3,4,8 (normal CP), and the available REs in a PRB pair is less than Xthresh, 

· For localised: 2, 4, 8, working assumption 16 subject to feasible search space design

· For distributed: 2, 4, 8, 16, working assumption 32 subject to feasible search space design

· In all other cases:

· For localised: 1, 2, 4, working assumption 8 subject to feasible search space design

· For distributed: 1, 2, 4, 8, working assumption 16 subject to feasible search space design

· Working assumption that Xthresh = 104

· Total number of ePDCCH USS blind decodes per CC is 32 or 48 depending on configuration of UL MIMO

· The UE is not expected to receive EPDCCH in a special subframe with special subframe configuration 0 or 5 in normal CP, or special subframe configuration 0, 4, or 7 in extended CP.
· The eREG to RE mapping is fixed in specifications given the Frame structure type, subframe configuration and CP length

· Special subframes with the same DMRS positions have the same eREG to RE mapping

· The eREG to RE mapping does not depend on the PRB pair#, subframe#, legacy control region size, DwPTS length or presence of other signals such as CRS,CSI-RS,PRS,

· eREG indices are sequentially mapped  to the REs without REs for DMRS (24 for normal CP and 12 for extended CP) in a frequency first and then time manner, within each PRB pair 

· It is FFS whether to support cyclic shift of the assigned eREG indices in each OFDM symbol or further rearrangement in the OFDM symbols carrying DMRS.

· Note that Xthresh = 104 was derived to keep the worst case coding rate close to 0.8.

· Note that ePDCCH is not mapped to GP or UpPTS. 

After RAN1#70, an email discussion ([70-17] WF on ePDCCH Search Space) was initiated, and the ECCE-level interference coordination was one of the topics being discussed. However, there was no consensus reached on whether ECCE-level interference coordination should be supported or not.

In this contribution, we address the following remaining issues on ECCE/EREG to RE mapping:

· The relationship between ECCE and EREG
· Interpretation of Xthresh
· FFS whether to support cyclic shift of the assigned EREG indices in each OFDM symbol or further rearrangement in the OFDM symbols carrying DMRS (whether ECCE-level interference coordination should be supported or not)
The AP port association for spatial diversity transmission is discussed in a companion contribution [1].

2 Discussion
2.1 Relationship between ECCE and EREG
It was already agreed that a PRB pair is divided into 16 EREGs, and each ECCE is formed by 4 or 8 EREGs. But it is not decided yet which EREGs constitutes an ECCE for localized and distributed transmission.
The major considerations for ECCE include:

· The REs for each ECCE should be evenly distributed within the PRB pairs so that the channel estimation performance for all the ECCEs is similar. This is already taken into account in the EREG definition, so it is not necessary to further consider it when forming an ECCE.
· The size of all the ECCEs within a subframe should be similar.

Let us first introduce some notations:

· P: Number of PRB pairs within a EPDCCH resource set. The PRB pairs are indexed from 0 to P-1.
· M1: Number of ECCEs per PRB pair. M1 = 16/N.
· M: Total number of ECCEs (localized or distributed) in the set. M = 16 P/N.

Localized ECCE
For a localized ECCE, given the way that EREGs are constructed, the most straightforward way to achieve similar ECCE size is to have one ECCE consist of EREGs that have equally spaced indices. This means that the m-th ECCE within the PRB pair consists of all the EREGs with an index k that satisfies mod(k, M1) = m. As an example, if there are 4 ECCEs per PRB pair, ECCE 0 consists of EREGs {0, 4, 8, 12}.
If we would like to index the localized ECCE within a EPDCCH set with P PRB pairs, then ECCE m (m = 0, …, M-1) within the EPDCCH set consists of the EREGs with index k = mod(m, M1) + n*M1, for n = 0, 1, …, N-1, within PRB pair p = floor(m/M1).
· Proposal 1: Each localized ECCE consists of the EREGs that have equally spaced indices within a PRB pair.

Distributed ECCE
Option 1: For distributed ECCE, one simple way is to form an ECCE using the EREGs with the same index from different PRB pairs. For example, with P = 4 and N = 4, ECCE 0 consists of EREG 0 from PRB pairs {0, 1, 2, 3}. One way to index the distributed ECCE within a resource set is as follows:
· If P >= N, EREG n (n = 0, …, N-1) in distributed ECCE m (m = 0, …, M-1) is given by EREG k in the PRB pair p, where p = mod(floor(m/M1), P/N) + n*P/N, and k = mod( mod(m, M1) + floor((m/M1)/(P/N))*M1, 16).

· If P < N, EREG n (n = 0, …, N-1) in distributed ECCE m (m = 0, …, M-1) is given by EREG k in the PRB pair p, where p = mod(n, P), and k = mod(mod(m, M1) + floor(m/M1)*M1 + floor(n/P) * 16/(N/P), 16).

The advantage of this indexing approach is that if both localized and distributed transmissions are multiplexed within a resource set, the indices of the localized and distributed ECCEs would not conflict with each other, considering that an EREG cannot be used for both localized and distributed transmission. Therefore, this ECCE index can be readily used for PUCCH resource index.
However, this ECCE to EREG mapping could create unequal size ECCEs. For example, with two CRS port configuration, EREG 0 has 9 REs, and EREG 2 has only 7 EREGs. If one ECCE is formed by 4 EREGs, it would result in an ECCE with 36 REs when using EREG 0, or 28 REs when using EREG 2.

Option 2: To mitigate this situation, an alternative is to form an ECCE using the EREGs with different indices from different PRB pairs. One way to do so is to follow the same principle as the localized ECCE. For example, with P = 4 and N = 4, ECCE 0 consists of EREG 0 from PRB pair 0, EREG 4 from PRB pair 1, EREG 8 from PRB pair 2, and EREG 12 from PRB pair 3. Similarly, ECCE 1 consists of EREG 1 from PRB pair 0, EREG 5 from PRB pair 1, EREG 9 from PRB pair 2, and EREG 13 from PRB pair 3.

Mathematically, it can be formulated as follows:
· If P >= N, EREG n (n = 0, …, N-1) in distributed ECCE m (m = 0, …, M-1) is given by EREG k in the PRB pair p, where p = mod(floor(m/M1), P/N) + n*P/N, and k = mod( mod(m, M1) + (n + floor((m/M1)/(P/N)) )*M1, 16).
· If P < N, EREG n (n = 0, …, N-1) in distributed ECCE m (m = 0, …, M-1) is given by EREG k in the PRB pair p, where p = mod(n, P), and k = mod(mod(m, M1) + (n+ floor(m/M1))*M1, 16).

This indexing approach has a similar property as that in option 1, in terms of that the indices of the localized and distributed ECCEs within one resource set would not conflict with each other.

Table 1 provides an example of the ECCE/EREG mapping for P = 4 and N = 4. To illustrate the meaning of no conflict between ECCE indexing for distributed and localized ECCEs, let us take localized ECCE indexing and distributed ECCE index option 2 as an example. Assuming distributed ECCE 0 is used by distributed transmission, it means EREGs {0/0, 1/4, 2/8, 3/12} are used. Therefore, localized ECCEs 0/4/8/12 cannot be used by any localized transmissions. Any other localized ECCEs do not have an index that conflicts with the distributed ECCE index 0. Therefore, if UE1 is allocated with a EPDCCH set with distributed transmission, and UE2 is allocated with the same EPDCCH set with localized transmission, each UE can use its own ECCE index (distributed for UE1 and localized for UE2) for PUCCH resource allocation without worrying about the possible conflict.
Additional examples for P=8 or P=2 and N=4 are provided in the Annex.
Table 1 Example of ECCE/EREG mapping for P=4 and N=4
	
	PRB pair index/EREG index within the PRB pair

	ECCE index
	Localized
	Distributed – Option 1
	Distributed – Option 2

	0
	0/0, 0/4, 0/8, 0/12
	0/0, 1/0, 2/0, 3/0
	0/0, 1/4, 2/8, 3/12

	1
	0/1, 0/5, 0/9, 0/13
	0/1, 1/1, 2/1, 3/1
	0/1, 1/5, 2/9, 3/13

	2
	0/2, 0/6, 0/10, 0/14
	0/2, 1/2, 2/2, 3/2
	0/2, 1/6, 2/10, 3/14

	3
	0/3, 0/7, 0/11, 0/15
	0/3, 1/3, 2/3, 3/3
	0/3, 1/7, 2/11, 3/15

	4
	1/0, 1/4, 1/8, 1/12
	0/4, 1/4, 2/4, 3/4
	0/4, 1/8, 2/12, 3/0

	5
	1/1, 1/5, 1/9, 1/13
	0/5, 1/5, 2/5, 3/5
	0/5, 1/9, 2/13, 3/1

	6
	1/2, 1/6, 1/10, 1/14
	0/6, 1/6, 2/6, 3/6
	0/6, 1/10, 2/14, 3/2

	7
	1/3, 1/7, 1/11, 1/15
	0/7, 1/7, 2/7, 3/7
	0/7, 1/11, 2/15, 3/3

	8
	2/0, 2/4, 2/8, 2/12
	0/8, 1/8, 2/8, 3/8
	0/8, 1/12, 2/0, 3/4

	9
	2/1, 2/5, 2/9, 2/13
	0/9, 1/9, 2/9, 3/9
	0/9, 1/13, 2/1, 3/5

	10
	2/2, 2/6, 2/10, 2/14
	0/10, 1/10, 2/10, 3/10
	0/10, 1/14, 2/2, 3/6

	11
	2/3, 2/7, 2/11, 2/15
	0/11, 1/11, 2/11, 3/11
	0/11, 1/15, 2/3, 3/7

	12
	3/0, 3/4, 3/8, 3/12
	0/12, 1/12, 2/12, 3/12
	0/12, 1/0, 2/4, 3/8

	13
	3/1, 3/5, 3/9, 3/13
	0/13, 1/13, 2/13, 3/13
	0/13, 1/1, 2/5, 3/9

	14
	3/2, 3/6, 3/10, 3/14
	0/14, 1/14, 2/14, 3/14
	0/14, 1/2, 2/6, 3/10

	15
	3/3, 3/7, 3/11, 3/15
	0/15, 1/15, 2/15, 3/15
	0/15, 1/3, 2/7, 3/11


Comparing the two options, the 2nd option provides a more equal size for the different ECCEs, and is thus preferable in this sense.

· Proposal 2: Each distributed ECCE consists of the EREGs with different indices from different PRB pairs. The proposed mapping and indexing scheme in option 2 is recommended.
2.2 Interpretation of Xthresh
Xthresh = 104 was chosen as the threshold on the number of available REs in the agreements, which decides the aggregation levels that a UE needs to monitor. However, it was not clearly specified whether the number of available REs is counted from the UE perspective or the eNB perspective. Given that the UE only knows the UE-specific CSI-RS configuration, while the eNB knows the CSI-RS configurations for all the UEs, there may be discrepancy between the number of available REs at the UE and at the eNB. Therefore, clarification is needed. From the code rate point of view, it is desirable to count the number of available REs from the eNB perspective, by considering the CSI-RS configurations for all the UEs. However, the UE would not have the same information unless additional signaling is added for the eNB to convey all the REs used for the CSI-RS. To avoid the additional signaling, we propose that when comparing the number of available REs to Xthresh, it is considered from UE point of view, by only considering the UE-specific CSI-RS configuration.
· Proposal 3: Clarify that the number of available REs used to compare to Xthresh is counted from the UE perspective, by considering the UE-specific CSI-RS configuration but not the CSI-RS configurations for other UEs.
2.3 ECCE-level ICIC
There has been extensive discussion on whether ECCE-level ICIC and/or interference randomization should be supported in EPDCCH design. In terms of EREG to RE mapping, ECCE-level ICIC would require the same mapping among all the cells, while interference randomization would require different (randomized) mapping among the cells.
Interference randomization is supported in PDCCH. When PDCCH is not fully loaded (which is very typical), a PDCCH transmission in one cell only partially overlaps with a PDCCH transmission in another cell. This mitigates the interference among the cells, which is especially useful when interference coordination is not available among the cells for any reason. Therefore it is natural we should provide the same capability for EPDCCH.

Regarding ICIC, PRB-level ICIC is already available. The question is on top of PRB-level ICIC, whether ICIC on the ECCE level is necessary or not. This may provide some benefit for low-to-medium EPDCCH load [2]. However, eCCE-level ICIC schemes such as the one proposed in [2] has significant impact on the specifications, including the following aspects:
· As mentioned earlier, it requires the same EREG to RE mapping among all the cells. This in fact is relatively easy to be defined in the specifications.

· Possible X2 enhancements are needed.

· It requires careful design on the UE-specific search space. Taking the scheme in [2] as an example, the question is how to define a rule so that the decoding candidates fall into the preferred set. Given that the total number of blind decodes is very limited, it is highly possible that there is only 1 or 2 candidates per aggregation level for a DCI format in one PRB pair. This would make the search space rule more difficult to define. On the other hand, if the search space rule is not tailored to support ECCE-level ICIC, the decoding candidates for the UEs would be evenly distributed in the PRB pair. This would greatly reduce the benefit of the ECCE-level ICIC.
Therefore, the specification impact of ECCE-level ICIC and the corresponding benefit need to be further evaluated before it is decided whether it is supported by EPDCCH.

On the other hand, the same EREG to RE mapping among the cells would become useful when CoMP is introduced for EPDCCH in the future. Allowing it in the EPDCCH design would be more future-proof. In this sense, it appears attractive to have the configurability which can support both interference randomization and the fixed EREG to RE mapping, as proposed in [3].
· Proposal 4: It is configurable whether to support cyclic shift of the assigned eREG indices in each OFDM symbol. The full support of ECCE-level ICIC needs to be further evaluated in terms of both specification impact and performance gain.
3 Conclusions
In this contribution, we discussed the remaining details of ECCE/EREG to RE mapping for EPDCCH, we propose that: 
· Proposal 1: Each localized ECCE consists of the EREGs that have equally spaced indices within a PRB pair.

· Proposal 2: Each distributed ECCE consists of the EREGs with different indices from different PRB pairs. The proposed mapping and indexing scheme in option 2 is recommended.
· Proposal 3: Clarify that the number of available REs used to compare to Xthresh is counted from the UE perspective, by considering the UE-specific CSI-RS configuration but not the CSI-RS configurations for other UEs.
· Proposal 4: It is configurable whether to support cyclic shift of the assigned eREG indices in each OFDM symbol. The full support of ECCE-level ICIC needs to be further evaluated in terms of both specification impact and performance gain.
4 References

[1] R1-124421, “Remaining details of association between DM-RS ports and ePDCCH transmissions”, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent.
[2] R1-123174, “System level comparison of different eREG size,” Intel Corporation, RAN1#70, Aug. 2012.

[3] R1-123651, “eREG / eCCE mapping for ePDCCH,” Nokia, Nokia Siemens Networks, RAN1#70, Aug. 2012.
5 Annex

Table 2 Example of ECCE/EREG mapping for P=8 and N=4
	
	PRB pair index/EREG index within the PRB pair

	ECCE index
	Localized
	Distributed – Option 1
	Distributed – Option 2

	0
	0/0, 0/4, 0/8, 0/12
	0/0, 2/0, 4/0, 6/0
	0/0, 2/4, 4/8, 6/12

	1
	0/1, 0/5, 0/9, 0/13
	0/1, 2/1, 4/1, 6/1
	0/1, 2/5, 4/9, 6/13

	2
	0/2, 0/6, 0/10, 0/14
	0/2, 2/2, 4/2, 6/2
	0/2, 2/6, 4/10, 6/14

	3
	0/3, 0/7, 0/11, 0/15
	0/3, 2/3, 4/3, 6/3
	0/3, 2/7, 4/11, 6/15

	4
	1/0, 1/4, 1/8, 1/12
	1/0, 3/0, 5/0, 7/0
	1/0, 3/4, 5/8, 7/12

	5
	1/1, 1/5, 1/9, 1/13
	1/1, 3/1, 5/1, 7/1
	1/1, 3/5, 5/9, 7/13

	6
	1/2, 1/6, 1/10, 1/14
	1/2, 3/2, 5/2, 7/2
	1/2, 3/6, 5/10, 7/14

	7
	1/3, 1/7, 1/11, 1/15
	1/3, 3/3, 5/3, 7/3
	1/3, 3/7, 5/11, 7/15

	8
	2/0, 2/4, 2/8, 2/12
	0/4, 2/4, 4/4, 6/4
	0/4, 2/8, 4/12, 6/0

	9
	2/1, 2/5, 2/9, 2/13
	0/5, 2/5, 4/5, 6/5
	0/5, 2/9, 4/13, 6/1

	10
	2/2, 2/6, 2/10, 2/14
	0/6, 2/6, 4/6, 6/6
	0/6, 2/10, 4/14, 6/2

	11
	2/3, 2/7, 2/11, 2/15
	0/7, 2/7, 4/7, 6/7
	0/7, 2/11, 4/15, 6/3

	12
	3/0, 3/4, 3/8, 3/12
	1/4, 3/4, 5/4, 7/4
	1/4, 3/8, 5/12, 7/0

	13
	3/1, 3/5, 3/9, 3/13
	1/5, 3/5, 5/5, 7/5
	1/5, 3/9, 5/13, 7/1

	14
	3/2, 3/6, 3/10, 3/14
	1/6, 3/6, 5/6, 7/6
	1/6, 3/10, 5/14, 7/2

	15
	3/3, 3/7, 3/11, 3/15
	1/7, 3/7, 5/7, 7/7
	1/7, 3/11, 5/15, 7/3

	16
	4/0, 4/4, 4/8, 4/12
	0/8, 2/8, 4/8, 6/8
	0/8, 2/12, 4/0, 6/4

	17
	4/1, 4/5, 4/9, 4/13
	0/9, 2/9, 4/9, 6/9
	0/9, 2/13, 4/1, 6/5

	18
	4/2, 4/6, 4/10, 4/14
	0/10, 2/10, 4/10, 6/10
	0/10, 2/14, 4/2, 6/6

	19
	4/3, 4/7, 4/11, 4/15
	0/11, 2/11, 4/11, 6/11
	0/11, 2/15, 4/3, 6/7

	20
	5/0, 5/4, 5/8, 5/12
	1/8, 3/8, 5/8, 7/8
	1/8, 3/12, 5/0, 7/4

	21
	5/1, 5/5, 5/9, 5/13
	1/9, 3/9, 5/9, 7/9
	1/9, 3/13, 5/1, 7/5

	22
	5/2, 5/6, 5/10, 5/14
	1/10, 3/10, 5/10, 7/10
	1/10, 3/14, 5/2, 7/6

	23
	5/3, 5/7, 5/11, 5/15
	1/11, 3/11, 5/11, 7/11
	1/11, 3/15, 5/3, 7/7

	24
	6/0, 6/4, 6/8, 6/12
	0/12, 2/12, 4/12, 6/12
	0/12, 2/0, 4/4, 6/8

	25
	6/1, 6/5, 6/9, 6/13
	0/13, 2/13, 4/13, 6/13
	0/13, 2/1, 4/5, 6/9

	26
	6/2, 6/6, 6/10, 6/14
	0/14, 2/14, 4/14, 6/14
	0/14, 2/2, 4/6, 6/10

	27
	6/3, 6/7, 6/11, 6/15
	0/15, 2/15, 4/15, 6/15
	0/15, 2/3, 4/7, 6/11

	28
	7/0, 7/4, 7/8, 7/12
	1/12, 3/12, 5/12, 7/12
	1/12, 3/0, 5/4, 7/8

	29
	7/1, 7/5, 7/9, 7/13
	1/13, 3/13, 5/13, 7/13
	1/13, 3/1, 5/5, 7/9

	30
	7/2, 7/6, 7/10, 7/14
	1/14, 3/14, 5/14, 7/14
	1/14, 3/2, 5/6, 7/10

	31
	7/3, 7/7, 7/11, 7/15
	1/15, 3/15, 5/15, 7/15
	1/15, 3/3, 5/7, 7/11


Table 3 Example of ECCE/EREG mapping for P=2 and N=4
	
	PRB pair index/EREG index within the PRB pair

	ECCE index
	Localized
	Distributed – Option 1
	Distributed – Option 2

	0
	0/0, 0/4, 0/8, 0/12
	0/0, 1/0, 0/8, 1/8
	0/0, 1/4, 0/8, 1/12

	1
	0/1, 0/5, 0/9, 0/13
	0/1, 1/1, 0/9, 1/9
	0/1, 1/5, 0/9, 1/13

	2
	0/2, 0/6, 0/10, 0/14
	0/2, 1/2, 0/10, 1/10
	0/2, 1/6, 0/10, 1/14

	3
	0/3, 0/7, 0/11, 0/15
	0/3, 1/3, 0/11, 1/11
	0/3, 1/7, 0/11, 1/15

	4
	1/0, 1/4, 1/8, 1/12
	0/4, 1/4, 0/12, 1/12
	0/4, 1/8, 0/12, 1/0

	5
	1/1, 1/5, 1/9, 1/13
	0/5, 1/5, 0/13, 1/13
	0/5, 1/9, 0/13, 1/1

	6
	1/2, 1/6, 1/10, 1/14
	0/6, 1/6, 0/14, 1/14
	0/6, 1/10, 0/14, 1/2

	7
	1/3, 1/7, 1/11, 1/15
	0/7, 1/7, 0/15, 1/15
	0/7, 1/11, 0/15, 1/3







































































































































































