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Discussion and decision
1 Introduction

In order to increase the capacity of downlink control channel, E-PDCCH is suggested to be introduced in Rel-11, for which demodulation is based on DM-RS. R-PDCCH seems more acceptable for most companies to be used as the design baseline for E-PDCCH, but the extension cannot be achieved in a straightforward way. In this contribution, differences between E-PDCCH and R-PDCCH will be discussed firstly, and then our views on E-PDCCH design will be shown.
2 Differences between E-PDCCH and R-PDCCH

As a DM-RS based control channel design, R-PDCCH has been adopted in Rel-10. The principle of R-PDCCH can be used as reference for E-PDCCH, but some differences between them should be considered.

As the number of UEs to be served is much greater than the number of RNs in one cell, we suggest that multiplexing scheme packing multiple PDCCHs of different UEs into one RB should be studied, e.g. FDM as a straightforward solution.
Generally the channel quality of eNB-UE link is much worse than that of eNB-RN link, because of lower SNR and more serious frequency selectivity. Therefore, resource allocation and search space for E-PDCCH is different from R-PDCCH, and should be designed carefully.
Proposal 1: Multiplexing scheme is required for E-PDCCH, e.g. FDM. Resource allocation and search space should be reconsidered and designed carefully for E-PDCCH.
3 Discussions on E-PDCCH design
3.1 Resource Allocation and search space design for E-PDCCH
Similar to R-PDCCH, high-layer signalling can be used to configure the RBs belonged to E-PDCCH region for Rel-11 UEs, but the resource allocation for E-PDCCH cannot be performed in a free manner. To minimize influences on PDSCH mapping, restrictions on E-PDCCH region should be considered. 
As a simple way, contiguous RBs can be allocated to E-PDCCH, which has less impact on data transmission. However, because of frequency selectivity of channel, frequency diversity and scheduling gains seem important for reliable reception of E-PDCCH. From this point of perspective, an optimal way is to let E-PDCCH region distribute over the whole bandwidth, but it will make some restrictions on the resource allocation of PDSCH. Therefore, a trade-off scheme is needed for the resource allocation for E-PDCCH, e.g. PUCCH can be used as reference.
Proposal 2: Resource allocation needs to be discussed for E-PDCCH to achieve a trade-off between localized and distributed scheme, e.g. PUCCH can be used as reference.
In Rel-8/9, PDCCH is received with blind detection, and it is suggested to be extended in Rel-11. However, the principle of search space design for PDCCH is not suitable for E-PDCCH and some modifications are required. The new search space design should pay more attention to the achievement of frequency diversity gain and schedule gain.
Proposal 3: Blind detection can be extended into E-PDCCH. However, the search space for E-PDCCH needs more discussions to achieve frequency diversity and schedule gains.
3.2 Efficient utilization for E-PDCCH region
In Rel-8/9, the number of OFDM symbols occupied by PDCCH region changes subframe by subframe in order to make use of radio resource efficiently, but reusing this mechanism seems impossible for E-PDCCH. In order to improve the spectrum efficiency of E-PDCCH region, REs which do not bear E-PDCCH can be allowed to take PDSCH. It seems available for RBs with no DCI, but some problems may occur for the case of coexistence of E-PDCCH and PDSCH in one RB. When the rank of PDSCH is not same as that of E-PDCCH, a misunderstanding on DM-RS port mapping may occur, which will degrade the performance of E-PDCCH and should be avoided. The reliability requirement and required transmitting power are different for PDSCH and E-PDCCH, so a mismatch problem will occur which may have an impact on demodulation accuracy.
Proposal 4: To improve spectrum efficiency, we suggest that PDSCH can be transmitted in E-PDCCH region, but the coexistence of E-PDCCH and PDSCH in one RB is FFS.
3.3 Enhanced transmission modes for E-PDCCH
As an available technique to improve spectrum efficiency, MU-MIMO can be extended into E-PDCCH to increase channel capacity further. Besides that, the scheduling flexibility will also be increased. Obviously the performance of DCI transmitted in MU-MIMO mode will degrade, so the evaluation of MU-MIMO for E-PDCCH should be made.
Similar with PDSCH, the performance of E-PDCCH degrades seriously in case of high-speed mobility. A simple solution is to reuse Rel-8/9 PDCCH for UE with high speed. However, in view of PDCCH capacity enhancement, a positive solution is to introduce an open-loop transmission scheme as TxD for E-PDCCH.
Proposal 5: Transmission mode enhancement for E-PDCCH is suggested to be studied, as MU-MIMO and open-loop transmission scheme.
3.4 Available DCIs on E-PDCCH

There are several kinds of DCIs to be conveyed on PDCCH in Rel-8/9/10, including common DCIs scrambled by SI-RNTI/P-RNTI/RA-RNTI, power control DCIs as format 3/3A, DL DCI and UL DCI. It is natural for Rel-11 UE to detect common DCIs on the common search space of PDCCH, and so it does for power control DCIs unless any enhancement is approved on power control. It is a positive option to transmit all UE-specific DL and UL DCIs on E-PDCCH for Rel-11 UE to achieve corresponding benefits with few complexity increase, but for DCI format 1A, as a fall-back grant to maintain RRC connection with eNB, PDCCH seems more secure than E-PDCCH especially in high-speed scenario.
Proposal 6: For Rel-11 UE, it is natural to detect common DCIs and power control DCIs on PDCCH if there is no corresponding enhancement. However, for DL and UL DCI, more discussions are still needed on which DCI can be transmitted on E-PDCCH.

4 Conclusions
In this contribution, differences between E-PDCCH and R-PDCCH were discussed, and considerations on the E-PDCCH design were shown. Our views are listed as:
· Proposal 1: Multiplexing scheme is required for E-PDCCH, e.g. FDM. Resource allocation and search space should be reconsidered and designed carefully for E-PDCCH.
· Proposal 2: Resource allocation needs to be discussed for E-PDCCH to achieve a trade-off between localized and distributed scheme, e.g. PUCCH can be used as reference.
· Proposal 3: Blind detection can be extended into E-PDCCH. However, the search space for E-PDCCH needs more discussions to achieve frequency diversity and schedule gains.
· Proposal 4: To improve spectrum efficiency, we suggest that PDSCH can be transmitted in E-PDCCH region, but the coexistence of E-PDCCH and PDSCH in one RB is FFS.
· Proposal 5: Transmission mode enhancement for E-PDCCH is suggested to be studied, as MU-MIMO and open-loop transmission scheme.
· Proposal 6: For Rel-11 UE, it is natural to detect common DCIs and power control DCIs on PDCCH if there is no corresponding enhancement. However, for DL and UL DCI, more discussions are still needed on which DCI can be transmitted on E-PDCCH.
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