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1. Introduction

At the RAN WG1 #66bis meeting, the design target for the E-PDCCH was intensively discussed and the following working assumption was concluded. 
Working Assumption:

· Introduce an enhanced physical downlink control channel that is:

· able to support increased control channel capacity

· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.
Among these features for the E-PDCCH, as pointed out in several contributions [1] – [6], support for diversity gain is required for a reliable transmission of downlink control signaling. In this contribution, we present an example of mapping scheme for E-PDCCH that achieves a 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 adapt to a variety of propagation channel models because of the mobility of the UE. Hence, poor fading channel conditions impair the advantages of 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 DCI is assigned to one PRB since the frequency diversity gain is not obtained and the 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. 
Proposal 1: At least the distributed mapping for the E-PDCCH should be supported to achieve a 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 an eCCE so that two eCCEs constitute a physical resource block (PRB) pair. Thus, one eCCE includes 46 – 56 resource elements (REs) depending on the number of OFDM symbols for the legacy PDCCH and CSI-RS configuration, and is more than that for the legacy CCE. The number of available eCCEs is determined by the number of PRB-pairs semi-statically assigned for the E-PDCCH as shown in Fig. 1. In Fig. 1, four PRB-pairs are assigned to the E-PDCCH, and eight 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 – Definition of eCCE.
2.2
Localized Mapping
Localized mapping may be used to achieve the frequency scheduling gain. Figure 2 shows the localized mapping scheme when 4 PRB-pairs (#1, #4, #8, and #10) are configured for the E-PDCCH and 8 eCCEs can be used. In this case, the eCCEs are simply mapped over the PRB pairs. 
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Figure 2 – Localized mapping.
2.3
Distributed Mapping
Distributed mapping is necessary for achieving the frequency diversity gain. Figure 3 shows the distributed mapping scheme when four PRB pairs are configured for the E-PDCCH and eight eCCEs can be used. As described in [1]-[2], a mechanism to obtain the diversity gain should be supported for the small number of REs, i.e., 1 or 2 eCCEs. In order to achieve the frequency diversity gain for 1 eCCE, the eCCE needs to be mapped over multiple PRB pairs. Therefore, for this purpose with distributed mapping, each eCCE is further divided by two, which is called a half eCCE as shown in Fig. 3. In this case, one PRB pair comprises four half eCCEs. One example of this structure is shown in Fig. 4. In the first step of the distributed mapping, the consecutive half eCCEs are cyclically mapped over different virtual PRB (VPRB) pairs so that one eCCE is spread over multiple VPRB pairs in order to achieve the frequency diversity gain. Then, VPRB pairs are further interleaved before mapping them to the PRB pairs so that the adjacent VPRB pairs including each eCCE are spread over a wider bandwidth. As a consequence, in Fig. 3, eCCE #0 is mapped over PRB pairs #1 and #8. This way, the diversity order of 2 is always ensured even for 1 eCCE-case, and that of 4 could be achieved for more than the 1 eCCE case. For a 1 eCCE case, further diversity order can be attained by employing the transmit diversity technique for the E-PDCCH.
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Figure 3 – Distributed mapping (PRB-pair basis).
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Figure 4 – Example of PRB-pair for E-PDCCH.
In Fig. 3, distributed mapping based on the PRB-pair was shown; however, the same mapping scheme can be used for the case when the resources configured for the E-PDCCH are on the basis of a RB group (RBG). Figure 5 shows RBG-basis distributed mapping when the RBG size is two PRB pairs. Similar to PRB-pair basis mapping, the consecutive half eCCEs are cyclically mapped over different virtual RBGs (VRBGs) so that one eCCE is spread over multiple 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).
3. Issues Regarding Usage of PRB Pairs for E-PDCCH

At the RAN WG1 #66bis meeting, the way forward regarding the E-PDCCH was discussed [8]. The way forward describes the guideline of how to use both slots of a PRB pair for the E-PDCCH. 
· Both slots of an RB pair can be used for enhanced control channel transmissions

· An RB pair may contain parts of different enhanced control channel transmissions to different UEs

· Mapping of an enhanced control channel to REs within the RB pair is FFS

In this section, we present our views on the usage of both slots of the PRB pair for the E-PDCCH. The candidate solutions are to use only the 1st slot and to use both slots as shown in Fig. 6. 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 need to 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 the distributed mapping. To avoid this problem, the PDSCH assignment of the different UEs needs to 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 channel estimation using the DM-RS of both slots. Furthermore, power sharing between 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 2: A part of a single E-PDCCH transmission to a single UE is mapped to both slots of the PRB-pair.

Proposal 3: Each slot of the PRB-pair can contain parts of different E-PDCCH transmissions to different UEs.
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Figure 6 – 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. Our first proposal is as follows.

Proposal 1: At least the distributed mapping for the E-PDCCH should be supported to achieve a frequency diversity gain.

Then, we discussed an actual scheme to achieve this. For convenience, eCCE is defined as the minimum unit for the DCI assignment. In this mapping scheme, the following benefits could were observed.
· If needed, the SS design for the legacy PDCCH can be reused by defining eCCE instead of CCE.
· For distributed mapping of one eCCE, the diversity order of two is ensured.

· For distributed mapping of more than one eCCEs, the diversity order of four could be achieved.

Furthermore, we discussed the usage of both slots of the PRB pair for the E-PDCCH and our proposals are as follows:

Proposal 2: A part of a single E-PDCCH transmission to a single UE is mapped to both slots of the PRB pair.
Proposal 3: Each slot of the PRB pair can contain parts of different E-PDCCH transmissions to different UEs.

The usage of the DM-RS antenna ports for this mapping scheme is described in our companion contribution [7].
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