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1
Introduction

In RAN1#66, some time was spent on discussing downlink control signaling enhancements. Recently, an email discussion was kicked off aiming to agree on motivations for the investigations of enhanced PDCCH, and the respective scenarios to be targeted by these investigations. In this contribution, we provide our views on the possible design aspects, and required technical features for E-PDCCH.
2
E-PDCCH Design Aspects
A few possible design aspects for a new PDCCH design are listed in the following sections:

2.1 Link Adaptation 
Proper link adaptation for E-PDCCH is the key to efficient resource utilization to be able to match the resources with the expected coverage in various deployment scenarios.  Link adaptation for PDCCH in Rel-8 is typically accomplished through two mechanisms: power control and CCE aggregation. However, when E-PDCCH is transmitted in a PDSCH region using UE-specific reference signals, other transmission parameters such as MCS, rank, and precoding can also be adapted to the current channel conditions to further improve the overall system capacity. Note that in the case of a relay application, the design of R-PDCCH was mainly targeted for use in static channels, therefore, both MCS and rank are fixed. This implies that the only remaining means for link adaptation in the context of relay is precoding, which in turn, is limited for use in the R-PDCCH mode without cross-interleaving. 
Given that link adaptation heavily relies on availability of accurate channel quality information, CSI feedback enhancements in Rel-11 may also target E-PDCCH. For example, multi rank or rank restricted CSI feedback can be considered as possible enhancements to increase the reliability of E-PDCCH. Other possible enhancements include frequency selective PMI in addition to sub-band CQI reporting given that in most cases the number of RBs used for an E-PDCCH is very small.  Consequently, in order to achieve the beamforming gain, having a PMI feedback with finer granularity may be beneficial. 
Since additional CSI feedback to support E-PDCCH link adaptation requires feedback overhead as well as additional specification efforts we recommend an investigation of the potential for CSI feedback enhancements for E-PDCCH link adaptation, while at the same time also conducting an evaluation of the performance of E-PDCCH to see whether the additional performance benefit could justify this work. 
Proposal: 

· CSI feedback enhancements in Rel-11 can be considered for E-PDCCH link adaptation with performance verification

2.2 Power Control

In Rel-8, power control of the PDCCH is usually done by borrowing power from other REGs (e.g., PCFICH, PHICH, or the unused CCEs of PDCCH). One of the drawbacks of this approach is fractional loading of the control region in interference limited scenarios, implying that some CCEs are left unused, which adversely impacts the PDCCH capacity. Considering power control for E-PDCCH, the transmission power of one RB, or multiple RBs, on which the E-PDCCH is mapped can easily be adjusted according to the expected coverage similar to the power control mechanism currently being used for PDSCH. Therefore, there is no concern with respect to under utilization of resources from a power control perspective when the E-PDCCH is transmitted on the PDSCH region. The main implication of using power control may be on inter-cell interference which will be discussed in the next section.  
Observation: 

· Power control mechanism  for PDSCH is sufficient for E-PDCCH
2.3 Inter-cell Interference
To enable inter-cell interference coordination (ICIC) between neighboring eNodeBs, in Rel-8, the relative narrowband transmit power (RNTP) was defined to convey information about the relative transmission power of the RBs using the X2 interface. More advanced ICIC techniques were introduced in Rel-10, though those enhancements were mostly targeted at HetNet scenarios. For CoMP scenarios, due to coordinated scheduling between multiple geographically separated transmission points, the inter-cell interference issue for E-PDCCH can be easily addressed. However, according to the enhanced DL MIMO SI [1], no coordination should be assumed among the neighboring cells. To this end, possible enhancements for ICI coordination in homogenous scenarios should be envisioned. One possible solution could be to reuse, or further enhance, the current ICIC mechanism from Rel-8. For example, an additional bitmap and/or RNTP threshold could be defined exclusively for E-PDCCH to be exchanged on the X2 interface. 
Among the alternatives to ICI coordination is to randomize inter-cell interference. In Rel-8, the ICI randomization for PDCCH is accomplished by cyclically shifting REGs in a cell-specific manner. For E-PDCCH, ICI randomization can be achieved by using frequency hopping. For example, the frequency resources used for transmission of E-PDCCH can be determined according to a pre-defined pseudo-random cell-specific function. This technique for ICI randomization is particularly beneficial in situations that a reliable sub-band CQI is not available for proper frequency selective scheduling at eNB. In fact, in the absence of a reliable feedback, the closed-loop precoding approach doesn’t provide any meaningful gain for E-PDCCH compared to that of its open-loop counterpart, therefore, alternative resource scheduling schemes such as frequency hopping can be used to provide frequency diversity as well as interference randomization.
Proposal: 

· Enhancements to ICI coordination and randomization need to be studied for E-PDCCH
2.4 User Multiplexing

In Rel-8, a simple user multiplexing scheme for PDCCH was adopted which is based on the CCE concept. In Rel-10, the R-PDCCH based on UE-specific reference signals was introduced, but this mode of R-PDCCH doesn’t allow more than one UE to be multiplexed within a single RB. However, for some of the scenarios under consideration for Rel-11, there could be a potentially large number of simultaneously scheduled UEs. To address the resource crunch for E-PDCCH, more efficient user multiplexing schemes need to be studied. As mentioned before, by enabling link adaptation for E-PDCCH, resource utilization can be optimized to some extent but the key to further enhance the resource efficiency is to apply more advanced user multiplexing schemes. One simple solution compared to the current R-PDCCH design is to enable MU-MIMO for E-PDCCH. However, this approach may not adequately address the problem without consideration of further CSI feedback enhancements targeting MU-MIMO operation. An alternative scheme with minimum standardization effort is to multiplex UEs in a TDM fashion wherein two E-PDCCHs are transmitted on the two slots within a RB. Note that a shortcoming of the latter approach is that the DM-RS on both slots cannot be used for channel estimation. Other possible user multiplexing schemes for E-PDCCH may include CDM and/or FDM similar to that of PUCCH.
Proposal: 

· More advanced user multiplexing schemes need to be considered for E-PDCCH
3
Conclusions

In this contribution we have provided some views on the design aspects of enhanced downlink control signaling for Rel-11. Our proposals can be summarized as follows:

Proposal: 

· CSI feedback enhancements in Rel-11 can be considered for E-PDCCH link adaptation with performance verification
· Enhancements to ICI coordination and randomization need to be studied for E-PDCCH

· More advanced user multiplexing schemes need to be considered for E-PDCCH
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