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1 Introduction

In RAN4#64bis the discussion on ePDCCH started. In particular document [1] was presented with an initial overview of how the introduction of ePDCCH will affect the requirements. This document provides our overview. Section 2 provides an introduction of ePDCCH, Section 3 discusses core requirements and Section 4 discusses the performance aspects

2 Background on ePDCCH
The structure of ePDCCH has been decided as in Figure 1. ePDCCH spans both slots in subframe, it is frequency multiplexed with PDSCH, its demodulation is based on DM-RS as for PDSCH. Hence ePDCCH cannot be scheduled in special subframes that do not support DMRS or in PRB pairs where PBCH, PSS, SSS are present, to avoid creating interference to such control channels.
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Figure 1; Structure of ePDCCH

In legacy PDCCH the UE is supposed to monitor the common search space (CSS) and the user specific search space (USS) in the PDCCH. With the introduction of ePDCCH, the UE can be configured to which subframes it should monitor its USS in ePDCCH instead of in PDCCH.
An ePDCCH consists of L (L is extended compared to legacy PDCCH) enhanced Control Channel Elements (eCCE) where eCCE is the aggregation level. The aggregation level is chosen by the eNodeB and depends on the channel conditions. Each eCCE is split into 4 or 8 enhanced Resource Element Group (eREG) depending on CP length and subframe type (1 CCE corresponds to 9 REG in legacy PDCCH). A eREG corresponds to 9REs (8REs) for normal (extended) CP length.  Each PRB pair contains 16 eREGs with 9 REs. UE can be configured with K sets of N1, N2,…, NK PRB pairs respectively to be used for ePDCCH. Each set is configured to either localized or distributed mapping. Several details have been agreed on the grouping and eCCE and eREG mapping in the past RAN 1 meeting.
Under distributed mapping  the eREGs belonging to an ePDCCH is distributed in up to N PRB pairs, called a set of PRB pairs. The ePDCCH is further split on to two antenna ports per PRB pair to provide spatial diversity via random beamforming (open loop).

 

 Under localized mapping  the eREG belonging to an ePDCCH is localized within one (or more depending on the aggregation level) PRB pairs. One antenna port per PRB pair is used to efficiently support UE specific precoding (closed loop), only rank 1 SU-MIMO transmission is supported.

A maximum of 2 sets are supported each composed of {2, 4, 8} physical resource blocks

Whenever there is a collision of ePDCCH with signals such as CRS, CSI-RS, legacy control region these signals have priority over ePDCCH. However, details on the exact mapping of ePDCCH to REs still need to be discussed and agreed in RAN 1. 
When PDSCH allocation overlaps with the PRB pair(s) containing its DL assignment, the UE shall assume that the PDSCH is rate-matched around those PRB pair(s). Note that in general there is less time for PDSCH processing compared to the legacy PDCCH.

3 Discussion on core aspects
In [1] there was initial discussion regarding the impact on RRM requirements when ePDCCH is used. The following RRM aspects were mentioned: 
· Radio Link Monitoring: Evaluation period and Radio Link quality threshold 
· UE measurements to support mobility, and
· Cell acquisition. 

It is recognized that RLM could be affected by the introduction of ePDCCH, however RAN 1 is still discussing some details of the channel structure which may influence the discussion, hence it is better to wait until RAN 1 and RAN 2 have progressed more the work.

However it can be concluded already that UE measurements and cell acquisitions are not affected by the introduction of ePDCCH as they are based on CRSs and PSS/SSS. 

Proposal: Discuss further the possible impact of the introduction of ePDCCH on RLM once RAN 1 and RAN 2 have progressed more the work. 

4 Discussion on performance aspects
ePDCCH is characterized in summary by the following aspects described briefly in Section 1:

· It carries the UE specific search space (Rel.11)

· is supported for both TDD and FDD

· is transmitted in the “PDSCH region” 

· spans both slots in a subframe

· is frequency division multiplexed with PDSCH in the subframe

· use DM-RS for demodulation

· can be transmitted as localized to one PRB pair or distributed over multiple PRB pairs 

· can operate in open loop (random precoding) or in closed loop operation (UE specific precoding)

· can be MU-MIMO multiplexed (transparent to UE)

RAN 4 should discuss appropriate performance test which take account the particular characteristics of ePDCCH. 

The receiver characteristics of the legacy PDCCH/PCFICH are determined by the probability of miss-detection of the Downlink Scheduling Grant. PDCCH and PCFICH are tested jointly, i.e. a miss detection of PCFICH implies a miss detection of PDCCH.

In the context of Rel-11 RAN 1 has decided not to introduce ePCFICH, hence new requirements will be needed for ePDCCH only. 
The structure of the ePDCCH is different from the structure of the PDCCH, as described above hence it seems improbable to reuse the existing PDCCH performance requirements. As mentioned above distributed and localized scheduling can be possible with ePDCCH and hence it would be preferable to test both the scheduling methodology to make sure that both can be correctly demodulated by the UE.
The transmission mode used for ePDCCH transmission is similar to PDSCH where demodulation is based on DM-RS which are used as phase reference. Performance requirements should be defined by including the modes of transmissions used for ePDCCH (random beamforming and or UE specific precoding). Exact ePDCCH mapping to REs is not yet completed in RAN 1. The outcome may influence test set up in RAN 4.

Additionally it should be noted that non collocation aspects should be taken into account. RAN 1 and RAN 4 are currently discussing quasi collocation aspects. RAN 1 is in particular discussing alternatives for the non collocation behavior associated with ePDCCH, but this has not yet been finalized. The agreements in RAN 1 on quasi collocation will affect the test set up in RAN 4. 
It should be noted that the scope of the introduction of ePDCCH is among others to provide more flexibility in frequency domain (e.g. for interference coordination in for example heterogeneous networks or for frequency selective scheduling gain), to be able to support new carrier type (without the use of CRSs), to be able to support higher number of UEs, to cope with control channel capacity limitations thanks to the better use of the antennas, to exploit the intra-cell spatial reuse in the context of novel deployments and antenna structures as the shared cell scenario etc ..

Hence detailed discussions are needed in RAN 4 in order to identify typical scenarios and conditions which need to be considered for the test set up.

5 Conclusions
In this paper we have provided an overview of the ePDCCH structure and an initial discussion on the impact of the introduction of ePDCCH in 3GPP from both core and performance point of view.

We have concluded that RLM needs to be discussed further in the context of ePDCCH once RAN 1 and RAN 2 have progressed more the work, and that cell acquisition and UE measurements are not affected by the introduction of ePDCCH as they are based on CRSs, PSS/SSS. It is likely that new performance requirements will be needed to cover the particular characteristics of ePDCCH structure compared to PDCCH. In particular, the mode of transmissions based on beamforming and /or precoding, the localized and distributed scheduling, the possible rate matching capability depending on RAN 1 outcome, the quasi collocation wrt CRS/PSS/SSS etc.. are among others, aspects which need to be considered when defining the test set up.  Detailed discussions are needed in RAN 4 in order to identify typical scenarios and conditions which need to be considered for the test set up.
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