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1. Introduction

At the RAN WG1 #67 meeting, the design target for the E-PDCCH was intensively discussed and the following agreement was reached. 
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.

In this contribution, we present localized and distributed transmission schemes for the E-PDCCH and show the performance of the distributed transmission scheme to verify the frequency diversity gain. 
2. Mapping Scheme for E-PDCCH
The E-PDCCH may be expected to provide a frequency scheduling gain with channel state information (CSI) reported from the UE. However, the E-PDCCH should be able to adapt to a variety of propagation channel models because of the mobility of the UE. Hence, poor fading channel conditions impair the advantages derived from the frequency scheduling gain for the E-PDCCH. Furthermore, in the case that a wideband CSI is applied, the frequency-domain scheduling gain is not fully obtained. These factors significantly degrade the performance of the E-PDCCH particularly when the downlink control information (DCI) is assigned to one physical resource block (PRB) since the frequency diversity gain is not obtained and an interference randomization effect is not expected. According to [1], 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 an example of 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. 
2.1
Definition
For convenience, we define an enhanced control channel element (eCCE) as the minimum unit for assigning the DCI. In this contribution, we define the eCCE such that four eCCEs constitute a PRB pair as shown in Fig. 1. Thus, 1 eCCE includes approximately 20 resource elements (REs) depending on the number of OFDM symbols for the legacy PDCCH and CSI-RS configuration, and 20 REs are less than that for the legacy CCE. The number of available eCCEs is determined by the number of PRB pairs that are semi-statically assigned to the E-PDCCH as shown in Fig. 2. In Fig. 2, four PRB pairs are assigned to the E-PDCCH, and 16 eCCEs are available. If the search space (SS) is defined for the E-PDCCH, the SS defined for the legacy PDCCH can be simply reused replacing the CCEs with the eCCEs.
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Figure 1 – Example of PRB pair for E-PDCCH.
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Figure 2 – Definition of eCCE.
2.2
Localized Mapping
Localized mapping may be used to achieve the frequency scheduling gain. 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. 
[image: image3.emf]0 1 2 3 4 5 6 7 8 9 10

PRB pair for E-PDCCH

PRB pair index

PRB-pair mapping

eCCEindex

01234 56 7 8 9101112131415


Figure 3 – Localized mapping.
2.3
Distributed Mapping
Distributed mapping is necessary to achieve a frequency diversity gain. Figure 4 shows the distributed mapping scheme when four PRB pairs are configured for the E-PDCCH and 16 eCCEs can be used. Here, we consider a two eCCE aggregation level. As described in [1]-[2], a mechanism to obtain the diversity gain should be supported for a small number of REs, i.e., 2 eCCEs. In order to achieve a frequency diversity gain, consecutive eCCEs must be mapped over multiple PRB pairs. In the first step of the distributed mapping, the consecutive eCCEs are cyclically mapped over different virtual PRB (VPRB) pairs in order to achieve the frequency diversity gain. Then, the VPRB pairs are further interleaved before mapping them to the PRB pairs so that the adjacent VPRB pairs including consecutive eCCEs are spread over a wider bandwidth. As a consequence, in Fig. 4, eCCEs #0 and #1 are respectively mapped over PRB pairs #1 and #8. In this way, the diversity order of two is ensured for a two eCCEs case, and that of four could be achieved for more than the two eCCEs case. For one and two eCCEs cases, higher diversity order can be attained by employing the transmit diversity technique for the E-PDCCH.
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Figure 4 – Distributed mapping (PRB-pair basis and 2 eCCE aggregation level).

In Fig. 4, distributed mapping based on the PRB pairs is shown; however, the same mapping scheme can be used for the case when the resources configured for the E-PDCCH are based on a RB group (RBG). Figure 5 shows RBG-basis distributed mapping when the RBG size is two PRB pairs. Similar to the PRB-pair based mapping, the consecutive eCCEs are cyclically mapped over different virtual RBGs (VRBGs) in order to achieve a frequency diversity gain. Furthermore, the VRBGs are interleaved and mapped to the RBGs in order to utilize a wider bandwidth.
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Figure 5 – Distributed mapping (RBG-pair basis).
In order to clarify the potential gain for the above distributed transmission scheme for the E-PDCCH, 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, 8, and 16 eCCEs, which corresponds to approximately 60, 120, 240, and 480 REs for the E-PDCCH when we assume 1 OFDM symbol for the legacy PDCCH, 16 REs for a 2-antenna CRS port, and 24 REs for DM-RS antenna port. The set of PRBs used for distributed transmission comprise 0th 16th, 32nd, and 48th PRBs. Frequency first mapping is applied to all aggregated eCCEs. For the legacy PDCCH, we use 1, 2, 4, and 8 CCEs, which correspond to 36, 72, 144, and 288 CCEs, mapped over two 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 6(a) shows a performance comparison between the legacy PDCCH and E-PDCCH without PMI selection for the spatial channel model extension (SCM-E). 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 performance of the E-PDCCH is worse than that for the legacy PDCCH when comparing 2, 4, 8, and 16 eCCEs for the E-PDCCH to 1, 2, 4, and 8 CCEs for the legacy PDCCH, respectively. This is due to a less accurate channel estimation and lower frequency diversity gain for the E-PDCCH. Figure 6(b) shows the performance of the E-PDCCH with PMI selection. The BLER performance of the E-PDCCH is significantly improved by a beam-forming gain and is better than that for the legacy PDCCH when comparing 2, 4, 8, and 16 eCCEs to 1, 2, 4, and 8 CCEs, respectively. However, we note that the precoding gain is not always expected in poor propagation channel environments. Therefore, the performance of the E-PDCCH using open-loop transmit diversity is also evaluated in Fig. 6 (c). Large delay cyclic delay diversity (CDD) is used as the transmit diversity scheme. We can see that almost the same performance is obtained for the E-PDCCH and the legacy PDCCH. 
Proposal 1: For distributed transmission, the beam-forming transmission mode and/or transmit diversity transmission mode should be supported.

Proposal 2: A sufficient number of REs (eCCEs) should be supported so that the same performance as that for the legacy PDCCH is achieved.
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    (a) Without PMI selection                                                (b) With PMI selection
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Figure 6 – BLER performance for distributed mapping.
3. Issues Regarding Usage of PRB Pairs for E-PDCCH

At the RAN WG1 #67 meeting, the way forward regarding the E-PDCCH was discussed [3]. The multiplexing of the E-PDCCH and PDSCH was also discussed in [4] - [9]. The following was captured in the chairman’s note as a guideline of how to use both slots of a PRB pair for the E-PDCCH [10]. 
· PRB-pair-level multiplexing between PDSCHs and ePDCCHs within a subframe uses FDM

· A PRB pair may contain parts of different ePDCCHs to different UEs

· Working assumption that there is no multiplexing of PDSCH and ePDCCH within a PRB pair; if there is any multiplexing of PDSCH and ePDCCH within a PRB pair it would be by FDM

· How to multiplex ePDCCHs within a PRB pair is FFS

In this section, we present our views on the usage of the PRB pair for the E-PDCCH. The candidate solutions are to use only the 1st slot or to use both slots as shown in Fig. 7. Regarding the mapping in the 1st slot only, there may be a potential advantage in achieving lower power consumption and a shorter processing delay compared to the mapping in both slots. In this R-PDCCH like mapping, in order to use the same precoding weight and the same DM-RS antenna port for both slots of the PRB pair, the DL assignment in the 1st slot and PDSCH in the 2nd slot must be transmitted to the same UE. However, it is difficult to apply such a scheme when the E-PDCCHs for multiple UEs are transmitted using the same slot to achieve distributed mapping. To avoid this problem, the PDSCH assignment of different UEs must be allowed in the 2nd slot. However, in this case, the accuracy of the channel estimation is degraded since the precoding weight is different in each slot and the DM-RS in each slot is used for channel estimation. 
On the other hand, the mapping in both slots always retains the accuracy of the channel estimation using the DM-RS of both slots. Furthermore, power sharing between the E-PDCCH and PDSCH can be flexibly performed. For example, if some PRB resources for the E-PDCCH are not used, the transmission power of the PDSCH can be increased to maintain the spectrum efficiency.
Proposal 3: PRB-pair-level multiplexing between the PDSCH and E-PDCCH within a subframe uses FDM.
Proposal 4: A PRB-pair can contain parts of different E-PDCCH to different UEs.
Proposal 5: There is no multiplexing of the PDSCH and E-PDCCH within a PRB pair.
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Figure 7 – Candidate mapping scheme.

4. Conclusion

In this contribution, we presented the mapping scheme for the E-PDCCH that supports localized mapping to achieve a frequency scheduling gain and distributed mapping to obtain a frequency diversity gain. For convenience, the eCCE is defined as the minimum unit for the DCI assignment. In this mapping scheme, the following benefits were observed.
· If needed, the SS design for the legacy PDCCH can be reused by defining eCCE instead of CCE.
· For distributed mapping of more than one eCCEs, the frequency diversity gain could be achieved.

Based on the evaluation results, our proposals are given hereafter:

Proposal 1: For distributed transmission, the beam-forming transmission mode and/or transmit diversity transmission mode should be supported.

Proposal 2: A sufficient number of REs (eCCEs) should be supported so that the same performance as that for the legacy PDCCH is achieved.

We discussed the usage of both slots of the PRB pair for the E-PDCCH and our proposals are given below:

Proposal 3: PRB-pair-level multiplexing between the PDSCH and E-PDCCH within a subframe uses FDM.
Proposal 4: A PRB-pair can contain parts of different E-PDCCH to different UEs.
Proposal 5: There is no multiplexing of the PDSCH and E-PDCCH within a PRB pair.
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Annex

Table I – Simulation conditions

[image: image10.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 1, 2, 4, and 8 CCEs

Aggregation level for PDCCH 2, 4, 8, and 16 eCCEs

Number of PRBs for E-PDCCH 4 PRBs

Power boosting for PDCCH/E-PDCCH Not applied

FFT timing detection Ideal

Channel estimation Practical

Path model SCM-E
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