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1 Introduction

At RAN1#70 meeting, it was agreed that:
a)  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
b) EREG to RE mapping

· 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 in a frequency first and then time manner, within each PRB pair 

The remaining issues for EREG to RE mapping include that: 
· 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.
In this contribution, these open issues are discussed and the related proposals are given.
2 Cyclic shift of EREG indices
Due to the many combinations of signals, such as legacy control channel, CRS, CSI-RS, etc., the number of available REs can be unequal in each of the 16 EREGs. Furthermore, the distribution of the available REs for each EREG can be concentrated in a few subcarriers of a PRB pair. For instance, for some EREGs, the REs are mainly at the edge subcarriers in a PRB pair. The distribution of REs can cause the channel estimation performance to vary among EREGs. In order to have the same number of REs in each EREG and to have similar channel estimation performance between EREGs, a cyclic shift of the assigned EREG indices is suggested, especially for the extended CP.

2.1 Extended CP
Figure 1 shows the mapping of EREG to RE in a PRB pair for the extended CP. 
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Figure 1. The mapping of EREG to RE for the extended CP.
As Figure 1 shows, the EREG to RE mapping in the non-DMRS symbols of the first slot is the same as the mapping of the second slot. The 8 REs of EREG 0 are only distributed among 4 subcarriers in a PRB pair according to the sequential mapping of 16 EREG at each OFDM symbol in a PRB pair. In order to distribute across more subcarriers, the EREG indices in the second slot can be cyclically shifted by a step
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 =1, 2, …,15, i.e., the i-th EREG index in the second slot can be expressed as: 
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where i = 0, 1, …, 15, k0[i] is the i-th EREG index in the first slot.

The detailed mapping pattern can be found in Figure 2a).

Further, the EREG indices in the non-DMRS symbols of the second slot and the EREG indices in the DMRS symbols of the second slot can be cyclically shifted by steps 
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 = 1, 2, …, 15. The i-th EREG index k1[i] in the non-DMRS symbols of the second slot and the i-th EREG index k2[i] in the DMRS symbols of the second slot can be expressed as:
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where i = 0,1,…,15, k0[i] is the i-th EREG index in the first slot.

The detailed mapping pattern can be found in Figure 2b) when the 
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[image: image12.wmf]2

e

p

 is set to be 1 in formula (3), i.e. the EREG indices in the non-DMRS symbols of the second slot are cyclically shifted by step 2 and EREG indices in the DMRS symbols of the second slot are cyclically shifted by step 1.
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                                a)  pe = 2
                                                     b)  pe1 = 2, pe2 = 1
Figure 2. The mapping of EREG to RE after cyclic shift
In Figure 2, the 8 REs of EREG 0 are scattered at 6 or 7 subcarriers in a PRB pair, and the distribution of the REs of other EREGs is similar to the distribution of EREG 0. Thereby, the REs for each EREG are scattered across more subcarriers and the channel estimation performance between EREGs is similar.
Proposal 1: The cyclic shift of the assigned EREG indices in the non-DMRS and/or DMRS symbols of the second slot is supported for extended CP.

2.2 Normal CP

For the normal CP, a similar cyclic shift can be supported for the mapping of EREG to RE, assuming that 144 REs, excluding DMRS, in a PRB pair are divided into 3 groups (48 REs in a frequency first and then time manner form a group), and the second group and third group are cyclically shifted by steps 
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 = 1,2,…,15, the i-th EREG index in the second group and the i-th EREG index in the third group can be expressed as:
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where i = 0,1,…,15, k0[i] is the i-th EREG index in the first group.
From Figure 3a), the 9 REs of EREG 0 are only distributed across 3 subcarriers in a PRB pair before cyclic shift. After cyclic shift, the 9 REs of EREG 0 are scattered across 7 subcarriers in a PRB pair. The detailed mapping pattern can be found in the Figure 3b) when the 
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 is set to be 2 in formula (5), i.e. the EREG indices in the second group are cyclically shifted by step 1 and the EREG indices in the third group are cyclically shifted by step 2.

. 


[image: image23.emf]0 12 8 4 0 8 4 0 12 8

1 13 9 5 1 9 5 1 13 9

2 14 10 6 2 12 2 10 6 2 14 10 4 10

3 15 11 7 3 13 3 11 7 3 15 11 5 11

4 0 12 8 4 14 4 12 8 4 0 12 6 12

5 1 13 9 5 13 9 5 1 13

6 2 14 10 6 14 10 6 2 14

7 3 15 11 7 15 5 15 11 7 3 15 7 13

8 4 0 12 8 0 6 0 12 8 4 0 8 14

9 5 1 13 9 1 7 1 13 9 5 1 9 15

10 6 2 1410 2 14 10 6 2

11 7 3 1511 3 15 11 7 3

S

u

b

c

a

r

r

i

e

r

s

Slot  0

Slot 1


[image: image24.emf]0 12 8 4 1 9 5 2 14 10

1 13 9 5 2 10 6 3 15 11

2 14 10 6 3 13 3 11 7 4 0 12 6 12

3 15 11 7 4 14 4 12 8 5 1 13 7 13

4 0 12 8 5 15 5 13 9 6 2 14 8 14

5 1 13 9 6 14 10 7 3 15

6 2 14 10 7 15 11 8 4 0

7 3 15 11 8 0 6 0 12 9 5 1 9 15

8 4 0 12 9 1 7 1 13 10 6 2 10 0

9 5 1 1310 2 8 2 14 11 7 3 11 1

10 6 2 1411 3 15 12 8 4

11 7 3 1512 4 0 13 9 5

S

u

b

c

a

r

r

i

e

r

s

Slot  0

Slot 1



                   a) Before cyclic shift
                                b) After cyclical shift, pn1 =1, pn2 = 2
Figure 3. The mapping of EREG to RE for normal CP.
Proposal 2: The cyclic shift of the assigned EREG indices in the second and third group of OFDM symbols is supported for normal CP.

Similar to the mapping of REG to RE and the objective of interference randomization between legacy control information at different transmission points, the interference randomization between EPDCCH transmissions at different transmission points should also be considered, the EREG indices in each PRB pair of transmission point t shall be cyclically shifted, resulting in
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where i = 0,1,…,15, k[i] is the i-th EREG index in each PRB pair and X is the virtual cell ID or a TP specific parameter. The value of X is same to the X of EPDCCH and PDSCH DMRS generator. 

Proposal 3: The cyclic shift of EREG indices in each PRB pair at different transmission points is supported to randomize the interference of EPDCCH transmissions.
3 Rearrangement of EREG indices in OFDM symbols carrying DMRS
As mentioned in Section 1, it is FFS whether further rearrangement in the OFDM symbols carrying DMRS.  

Figure 4 shows four EREG mapping examples without index rearrangement. For EREGs #0 and #1, there are four REs in the subcarrier with indices 8 and 9, and only two REs in the subcarrier with indices 4 and 5. For EREGs #2 and #3, there are four REs in the subcarrier with indices 2 and 3, and only two REs in subcarrier with indices 6 and 7. Actually, for all 16 EREG mappings without indices rearrangement, the same situations are observed that the positions of the REs are dense (4REs) for one subcarrier and loose (2REs) for another subcarrier. In other words, the positions of the REs of these EREGs are not regularly distributed. As a consequence, the channel estimation performances of the EREGs varies in this irregular distributed mapping scheme, so that the decoding performances of the control information mapped to the ECCE using different EREGs would have higher variance compared with a regular distributed mapping scheme. Compared with the PDCCH transmission, where the eNodeB would find a proper aggregation level for a UE according to the SINR of this UE, the eNodeB would have to take this unbalanced EREG decoding performance into account for a UE using EPDCCH besides the SINR of this UE, which further increase the implementation complexity. 
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                                                                               EREG #3

Figure 4. Mapping of EREG #0, #1, #2 and #3 without rearrangement
The reason for this irregular distribution is the skipping of positions for the DMRS REs during the EREG mapping. In Figure 5, it can be observed that RE #0, RE#1, RE#2, RE#9, RE#10 and RE#11 have 2 subcarrier-shifting, and RE #3, RE#4, RE#5, RE #6, RE#7 and RE#8 have 4 subcarrier-shifting. It is clear that all REs are shifted from their regular subcarrier positions. 
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Figure 5. RE positions without rearrangement, large subcarrier mapping shift
Observation: DMRS REs disturb the EREG mapping, resulting in large subcarrier shifting for the REs of EREGs.
If we further check the property of REs available for EREGs in the symbols carrying DMRS in Figure 6, there are 24 REs in these two DMRS-carrying symbols. After accounting for the 12 positions occupied by DMRS ports, the 12 remaining REs for EREGs occupy 6 subcarriers. Each subcarrier has two REs in two symbols. The number 12 is exactly the same as number of subcarriers spanning one PRB. This observation gives us a chance to map the 12 regular REs in one regular symbol to the 12 left REs in two DMRS carrying symbols.  And among these 12 REs, there are at least 6 REs which can have the regular (non-shifted) subcarrier positions.

Figure 6 is an example of the rearrangement of EREG indices. RE #2, #3, #4, #7, #8 and #9 have the same subcarrier positions as the regular mapping. RE #5 and #6 have a 1 subcarrier shift, which is the minimum shift. RE #0 and #11 have a 2 subcarrier shift, which is also the minimum shift. In summary, 10 out of 12 REs positions are optimized to map to the regular subcarrier positions. 
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Figure 6. RE positions with rearrangement, carrier mapping shift is minimized
Observation: Rearrangement gives better subcarrier shifting results.
Figure 7 is EREG indices after the rearrangement using the scheme in Figure 6. The red boxes show the differences after the rearrangement. Figure A in the Appendix provides the mapping details for all 16 EREGs in one PRB pair. 
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Figure 7. EREG mapping for normal subframes (normal cyclic prefix)
Proposal 4: Rearrange the EREG indices in the OFDM symbols carrying DMRS for normal CP to minimize subcarrier shifting.
4 Conclusion
Based on the discussion in this contribution, we have the following proposals,
Proposal 1: The cyclic shift of the assigned EREG indices in the non-DMRS and/or DMRS symbols of the second slot is supported for extended CP.

Proposal 2: The cyclic shift of the assigned EREG indices in the second and third group of OFDM symbols is supported for normal CP.

Proposal 3: The cyclic shift of EREG indices in each PRB pair at different transmission points is supported to randomize the interference of EPDCCH transmissions.
Proposal 4: Rearrange the EREG indices in the OFDM symbols carrying DMRS for normal CP to minimize subcarrier shifting.
Appendix
The positions which are changed by the rearrangement are in the figure below. The yellow REs are the positions before rearrangement; the arrow pointing to the blue REs is the position after the rearrangement. It’s clear that the EREG mapping becomes regularly distributed manner after the rearrangement. All EREG mappings are either with zero subcarrier shifting or with possible minimum subcarrier shifting. 
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Figure A.  Mapping details of 16 EREGs
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