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1. Introduction

At the RAN WG1 #67 meeting, two types of mapping schemes, i.e., localized and distributed transmissions, for the E-PDCCH were agreed as indicated below. 
Agreement:

· Both localised and distributed transmission of the enhanced control channel are supported

· At least for localised transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS

Working assumption:

· There are no cases where CRS is used for demodulation of the enhanced control channel.

Furthermore, at the RAN WG1 #68 meeting, the mapping schemes for localized and distributed transmissions were discussed [1] – [5]. In [5], we proposed a mapping scheme based on an enhanced control channel element (eCCE). In this contribution, we first define enhanced resource element group (eREG) and eCCE. Then, we present our further views on the mapping scheme for the E-PDCCH and compare its performance to that for the legacy PDCCH. 
2. Definition of eREG/eCCE

In [5], for convenience, we used the term an enhanced control channel element (eCCE) as the minimum unit for assigning the downlink control information (DCI). In [4] – [9], this term also appeared although details regarding the structure of the eCCE are different. The main difference from the legacy CCE is the number of resource elements (REs) that constitute the minimum unit. The number of REs for the CCE is 36; however, that for the eCCE is not. The number of REs for an eCCE is obtained by dividing the number of REs in a PRB pair available for the E-PDCCH by an integer, e.g., four. An example of the E-PDCCH structure for the CCE is shown in Fig. 1. We note that one CCE consists of nine REGs. As shown in Fig. 1 (a), the number of CCEs may not be an integer, and hence multiplexing of different DCIs may not be straightforward and some REGs remain unused when localized transmission is applied. For distributed mapping, the REGs constituting the CCE are spread over all the PRB pairs allocated for the E-PDCCH in the same way as the legacy PDCCH. One disadvantage of distributed mapping is that all the PRB pairs are consumed even when only one DCI is transmitted. Figure 2 shows an example of the E-PDCCH structure for the eCCE. Furthermore, the eCCE may be divided into eREGs as indicated in [10]. In this case, the number of eCCEs within a PRB pair becomes an integer and the eCCEs can be readily applied to both localized and distributed mapping as indicated in Section 3. However, the number of REs for an eCCE may vary depending on the number of OFDM symbols for the legacy PDCCH and configuration of the downlink reference signals (RSs). This means that the link adaptation for the E-PDCCH becomes complex or becomes inefficient. Finally, we note that when there is no legacy PDCCH and CRS as discussed in regard to additional carrier types, both the numbers of REs and (e)CCEs are respectively the same, i.e., 36 REs and 4 (e) CCEs. In this case, the only difference is the mapping scheme within a PRB pair. 
Observation: 

· CCE-based E-PDCCH may cause inefficient resource utilization, e.g., when the number of CCEs in a PRB is not an integer.
· eCCE-based E-PDCCH may cause inefficient link adaptation for the E-PDCCH transmission, e.g., when the number of REs for the eCCE is different from that for the CCE.
When comparing CCE-based and eCCE-based E-PDCCH, we have a slight preference for eCCE-based E-PDCCH since the link adaptation for the E-PDCCH may be solved by implementation.
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Figure 1 – REG/CCE-based E-PDCCH.
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Figure 2 – eCCE-based E-PDCCH.

3. Mapping Scheme for E-PDCCH
In this section, the mapping scheme using eREG/eCCE is presented for both localized and distributed mapping. The E-PDCCH may be expected to provide a frequency scheduling gain with channel state information (CSI) reported from the UE, and thus localized mapping is to be supported. However, the E-PDCCH should be able to adapt to a variety of propagation channel models because of the mobility of the UE and poor fading channel conditions. Furthermore, in the case that wideband CSI is applied, the frequency-domain scheduling gain is not fully obtained. These factors generally motivate us to support distributed mapping for the control channel as well as the E-PDCCH. According to [11], when comparing the E-PDCCH to the legacy PDCCH, it was shown based on the simulation results that the diversity order of four is considered to be necessary. Below, we present the mapping scheme for the E-PDCCH that includes localized mapping to achieve the frequency scheduling gain and distributed mapping to achieve the frequency diversity gain. In [11], the mapping scheme based-on eCCE was presented. In this contribution, we present a mapping scheme that ensures a frequency-diversity gain even for a small number of eCCEs by dividing the eCCE further into multiple eREGs as shown in Fig. 2.
3.2
Localized Mapping
Figure 3 shows the localized mapping scheme when 4 PRB pairs (#1, #4, #8, and #10) are configured for the E-PDCCH and 16 eCCEs can be used. In this case, the eCCEs are simply mapped over the PRB pairs as shown in Fig. 3. We note that the eREGs in the second slot are cyclically shifted such that the eCCE is spread within a PRB pair and the number of REs becomes similar among different CCEs in a PRB pair.
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Figure 3 – Localized mapping.
3.3
Distributed Mapping
Figure 4 shows the distributed mapping scheme when four PRB pairs are configured for the E-PDCCH and 16 eCCEs can be used. The case of a two-eCCE aggregation level is considered below. It is preferred to support a mechanism to obtain the diversity gain for a small number of REs, i.e., 2 eCCEs. In order to achieve a frequency diversity order of four, each eCCE is further divided into two eREGs as shown in Fig. 2. In the distributed mapping scheme shown in the figure, the eCCE in the first slot (one eREG in this case) is cyclically mapped over different PRB pairs in order to achieve the frequency diversity gain. As shown in Fig. 4, eCCEs #0 and #1 are mapped over PRB pairs #1 #4, #8, and #10. In this way, the diversity order of four is ensured for a case of more than one eCCE. For the case of one eCCE, higher diversity order can be attained by employing the transmit diversity technique for the E-PDCCH.
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Figure 4 – Distributed mapping (2 eCCE aggregation level).

To verify the performance of the above distributed mapping scheme, we evaluate the performance of the E-PDCCH and compare it to that for the legacy PDCCH. The simulation conditions are given in Table I in the Annex. We assume 2, 4, and 8 eCCEs, which corresponds to approximately 64, 128, and 256 REs for the E-PDCCH when we assume 1 OFDM symbol for the legacy PDCCH, 16 REs for a 2-antenna CRS port, and 12 REs for the DM-RS antenna port. The set of PRBs used for distributed transmission comprise the 0th 16th, 32nd, and 48th PRBs. For the legacy PDCCH, we use 1, 2, 4, and 8 CCEs, which correspond to 36, 72, 144, and 288 CCEs, mapped over 2 OFDM symbols. The payload size of the DCI is assumed to be the same for both the legacy PDCCH and E-PDCCH and is set to 42 bits for 10 MHz. Figure 5 shows a performance comparison between the legacy PDCCH and E-PDCCH. For the transmit diversity scheme, SFBC is applied to the legacy PDCCH and RB-based cyclic beam-forming is assumed for the E-PDCCH. The block error rate (BLER) is plotted as a function of the received SNR with the CCE for the legacy PDCCH and eCCE for the E-PDCCH as parameters. The figure shows that the E-PDCCH exhibits worse BLER performance than that for the legacy PDCCH irrespective of the number of (e) CCEs. This is because the number of REs for the eCCE is less than that for the CCE. Another reason is that the channel estimation accuracy for the E-PDCCH is worse than that for the legacy PDCCH since the legacy PDCCH uses the CRS of the entire bandwidth while the E-PDCCH uses DM-RS within a PRB-pair. For 8 (e)CCEs, the required average SNR achieved by the E-PDCCH with the BLER of 10-2 is degraded by approximately 3 dB. However, the E-PDCCH is frequency-multiplexed with the PDSCH and hence power borrowing from the PDSCH is possible when the PRB pairs for the PDSCH are available. Especially, in heterogeneous networks (HetNets), several PRB pairs may be muted in order to perform interference coordination for the E-PDCCH and such unused powers could be used to boost the power of the E-PDCCH.
Observation: 
· The performance of the E-PDCCH based on eCCE would be comparable to that for the legacy PDCCH by means of power boosting.
Proposal
· For distributed mapping, the mapping scheme that ensures the diversity order of four should be considered.
[image: image5.emf]1.E-03

1.E-02

1.E-01

1.E+00

-8 -6 -4 -2 0 2 4 6

Average BLER

Average received  SNR  (dB)

PDCCH 

ePDCCH

2 (e)CCEs

4 (e)CCEs

8 (e)CCEs

4x2 MIMO

SCM-E


Figure 5 – BLER performance for eCCE-based E-PDCCH distributed mapping.
4. Conclusion

In this contribution, we clarified the definitions for CCE and eCCE and presented their advantages and disadvantages. We made the following observations.

Observations

· CCE-based E-PDCCH may cause inefficient resource utilization, e.g., when the number of CCEs in a PRB is not an integer.
· eCCE-based E-PDCCH may cause inefficient link adaptation for the E-PDCCH transmission, e.g., when the number of REs for the eCCE is different from that for the CCE.
Comparing CCE-based and eCCE-based E-PDCCH, we have a slight preference for eCCE-based E-PDCCH although the problem of link adaptation should be addressed. We presented the mapping scheme for eCCE-based E-PDCCH and compared the simulated BLER performance between the E-PDCCH using distributed mapping and legacy PDCCH. From the simulation, we make the following observation and proposal.
Observation 

· The performance of the E-PDCCH based on eCCE would be comparable to that for the legacy PDCCH by means of power boosting.
Proposal
· For distributed mapping, the mapping scheme that ensures the diversity order of four should be considered.
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Annex

Table I – Simulation Conditions

[image: image6.emf]System bandwidth 10 MHz (50 RBs)

Number of sub-carriers 600

Number of OFDM symbols for PDCCH 2

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

DCI format DCI format 2C

Number of bits for DCI 42 bits

Aggregation level for PDCCH 2, 4, and 8 CCEs

Aggregation level for E-PDCCH 2, 4, and 8 eCCEs

Number of PRBs for E-PDCCH 4 PRBs

Number of REs for DM-RS 12 REs

FFT timing detection Ideal

Channel estimation Practical

Path model SCM-E
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