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1. Introduction

At the RAN WG1 #69 meeting, designs for an enhanced resource element group (eREG) and enhanced control channel element (eCCE) were discussed [1], [2]. The following agreements were reached for distributed and localized transmissions.

· 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) 

It was also agreed that distributed transmission will be supported for one eCCE aggregation level. Therefore, the eCCE must be generated by grouping multiple eREGs. According to the agreement above, the number of eREGs is to be selected from {8, 12, 16, 24, 36}, which is highly dependent on the required diversity order [3] – [8]. In this contribution, we present a REG design and eCCE-to-eREG mapping scheme. We then investigate the optimum numbers of PRB pairs and eREGs from the performance perspective in order to achieve a sufficient frequency diversity gain.

2. eREG Design and eCCE-to-eREG Mapping
2.1
eREG Design
For distributed transmission, one PRB pair is divided into multiple eREGs and each eCCE comprises multiple eREGs in different PRB pairs in order to achieve a frequency diversity gain. In this section, we describe the design of eREGs in a PRB pair. In designing an eREG per PRB pair, it is desired that the number of REs per eREG (eREG size) be the same regardless of the number of eREGs in a PRB pair. In this contribution, the number of eREGs per PRB pair, N, is assumed to be 8, 16, and 36. For fair comparison of different values of N, we use a unified eREG design for different N values. In this design, 144 REs for the ePDCCHs are first numbered (Step 1), and then modulo operation with regard to N is applied to the numbered REs (Step 2). Details of the eREG design to achieve this are presented below. In Step 1, available REs for the ePDCCH are first numbered, and then the REs for other potential signals such as the legacy PDCCH and CRS are numbered as shown in Fig. 1. Here, we note that cyclic shift is applied to the REs every OFDM symbol in order to distribute REs comprising one eREGs. In Step 2, modulo operation with regard to N is applied to the REs. Fig. 2 shows the resultant eREG design when N = 16 eREGs. In this way, the available REs are equally allocated to each eREG. 
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Figure 1 – Numbering of REs for eREG (Step 1).
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Figure 2 – eREG index in a PRB pair when N=16 eREGs (Step 2).

2.2
eCCE-to-eREG Mapping
In this section, mapping of eCCE to eREG is presented. The number of REs per eCCE (eCCE size) is set to 36 REs. In this case, four eCCEs per PRB pair are defined. However, the number of REs actually used for the ePDCCH transmission is different for different eCCEs depending on the number of REs for legacy PDCCH and the CRS. Nevertheless, equal sized eCCEs are highly desired to facilitate link adaptation. In order to satisfy the requirement, one eCCE is constructed by grouping different eREG indices. Next, each eCCE should be mapped to multiple eREGs located in different PRB pairs since distributed transmission is supported for one eCCE aggregation level. In summary, eCCE-to-eREG mapping is performed so that each eCCE is distributed to multiple eREGs located in different PRB pairs. Fig. 3 shows an example of such an eCCE-to-eREG mapping scheme when N = 16 and 4 PRB pairs are assumed. 
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Figure 3 – eCCE-to-eREG mapping when N=16 and 4 PRB pairs.
3. Performance Evaluation

3.1
Number of PRB Pairs for ePDCCH
In order to investigate the optimum numbers of PRB pairs and eREGs per PRB pair, we evaluate the performance of the eCCE-to-eREG mapping scheme described in Sect. 2. The simulation conditions are given in Table I in the Annex. We assume 2, 4, and 8 CCEs, which corresponds to 72, 144, and 288 REs. The payload size of the DCI is set to 42 bits for 10 MHz assuming DCI format 2C. An RB-based cyclic beamforming is applied to the ePDCCH. Figure 4 plots the block error rate (BLER) performance with the number of PRB pairs as a parameter in order to clarify the optimum number of PRB pairs for distributed transmission. The number of eREGs per PRB pair, N, is assumed to be 36 since the frequency diversity gain is maximized. The figure shows that as the number of PRB pair increases, the BLER performance is improved due to a higher frequency diversity gain. The gain from 4 PRB pairs compared to 2 PRB pairs is 1 ~ 1.5 dB while the gain from 8 PRB pairs compared to 4 PRB pairs is 0.4 ~ 0.8 dB. As the number of PRB pairs configured for the ePDCCH increases, the throughput of the PDSCH is reduced due to the increasing overhead of the ePDCCH. Considering the tradeoff between the frequency diversity gain for the ePDCCH and the throughput loss for the PDSCH, we consider that four PRB pairs should be the baseline as the set of PRB pairs for the distributed ePDCCH transmission. 
Proposal 1: Four PRB pairs should be baseline for the set of distributed ePDCCH transmission. The need for more PRB pairs per set could be further considered for a wider bandwidth, e.g., 20 MHz.
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Figure 4 – Impact of number of PRB pairs.
3.2
Number of eREGs per PRB Pair
Figure 5 shows the BLER performance with the number of eREGs as a parameter when the number of PRB pairs is 4. The payload size of the DCI is set to 42 bits and 27 bits assuming DCI format 2C and format 1A, respectively. The figure shows that there is no difference in performance among different numbers of eREGs irrespective of the payload size for 2, 4, and 8 eCCEs. However, the performance of 8 eREGs is worse than that for 16 and 36 eREGs when 1 eCCE is used. This is because each eCCE is mapped to only two eREGs located in two PRB pairs and the diversity order of four is not achieved. In other words, when the number of PRB pairs is 4, 16 eREGs per PRB pair is sufficient to achieve a full diversity gain. 
Proposal 2: The 144 REs for a normal CP in a PRB pair in a normal subframe should be divided into 16 eREGs for the ePDCCH set of 4 PRB pairs.
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Figure 5 – Impact of number of eREGs.

4. Conclusion

In this contribution, we described the REG design and eCCE-to-eREG mapping scheme. Based on the designed eCCE-to-eREG mapping scheme, we investigated the optimum number of PRB pairs for the distributed ePDCCH transmission by computer simulation. According to the optimum number of PRB pairs, we also clarified the optimum number of eREGs per PRB pair in order to achieve a sufficient frequency diversity gain. Regarding the optimum numbers of PRB pairs and eREGs for the distributed ePDCCH transmission, our proposals are as follows.
Proposal 1: Four PRB pairs should be baseline for the set of distributed ePDCCH transmission. The need for more PRB pairs per set could be further considered for a wider bandwidth, e.g., 20 MHz.
Proposal 2: The 144 REs for a normal CP in a PRB pair in a normal subframe should be divided into 16 eREGs for the ePDCCH set of 4 PRB pairs.
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Annex

Table I – Simulation Conditions

[image: image7.emf]System bandwidth 10 MHz (50 RBs)

Number of sub-carriers 600

Number of OFDM symbols for PDCCH 1

Transmitter / receiver antenna configuration 4 x 2 (TM9: Closed-loop MIMO)

DCI format DCI formats1A and 2C

Aggregation level 1, 2, 4, and 8 CCEs

Number of PRBs for ePDCCH 2, 4, and 8 PRBs

Number of REs for DM-RS 24 REs

FFT timing detection Ideal

Channel estimation Practical

Path model SCM-E
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