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1 Introduction

In RAN1#70, it was discussed whether or not any restrictions are needed on the DCI formats that can be supported by EPDCCH. The outcome of these discussions is that at least DCI Formats 0, 1A, 4 and 2C are supported and the working assumption is that DCI formats associated with all other DL TMs are also supported by EPDCCH. 

Even though we do not have any concerns if restrictions on the DCI formats (DL TMs) supported by EPDCCH are avoided and the next step is for companies that do have such concerns to quantify them, this contribution provides our additional views on this issue. This contribution is an updated resubmission of R1-124385.
2 Restricting DCI Format Support with EPDCCH
RAN1 identified the following capabilities that enhanced DL control channels should be able to provide
· increased control channel capacity

· frequency-domain ICIC 

· achieve improved spatial reuse of control channel resource 

· support beamforming and/or diversity

· operate on the new carrier type and in MBSFN subframes

· coexist on the same carrier as legacy UEs

While most of the above capabilities only relate to design characteristics of enhanced DL control channels, the first capability directly relates to enhancing the operation of a network by increasing the capacity for DL control signaling.
While the trend after Rel-8 is certainly towards DMRS/CSI-RS based operation, existing CRS-based operation will remain applicable and may be preferable to a DMRS/CSI-RS one in some cases (e.g. FDD macro-cell networks with 2 Tx antennas) considering the DMRS overhead (e.g. Rel-8 type operation is primarily geared towards macro-cell operation with typically 2 Tx eNB antennas; this was a primary reason for the selection of a CRS based design instead of a DMRS/CSI-RS based one). Additionally, Rel-10 CA operation can be supported without relying on cross-carrier scheduling and without restricting the PDSCH TMs in order to do so (e.g. either for het-nets or for CA with cells operating with different carrier frequencies). Control channel capacity enhancements provide, in general, a primary motivation for avoiding restrictions on the DCI formats that can be supported by EPDCCH. 

The other side of this issue is whether there are any benefits from restricting the DCI formats that can be supported by EPDCCH. No such benefits are identified in terms of specification, implementation, or testing of EPDCCH and, fundamentally, there is no conceivable reason for any such benefit to exist. Rel-11 UEs and networks that support EPDCCH will also need to support PDCCH and there is no restriction on the associated PDSCH TMs (i.e., a Rel-11 UE receiver will anyway support all PDSCH TMs). Also, we could not identify any UE implementation benefit from not supporting CRS-based demodulation of a PDSCH scheduled by an EPDCCH when the UE already supports all other combinations (CRS-based demodulation of the control channel (PDCCH) with CRS-based or DMRS-based demodulation of PDSCH and DMRS-based demodulation of the control channel (EPDCCH) with DMRS-based demodulation of PDSCH).

In [1], an example regarding TM5 (MU-MIMO) was given as an argument that operation with some TMs is defined but not supported. However, unlike TM5 in Rel-8/10, avoiding restrictions of supportable DCI formats by EPDCCH does not involve additional specifications (in fact, which DL TMs are supported in Rel-11 is mostly a feedback and PDSCH related issue and irrelevant to the EPDCCH design), the luck of support for TM5 was not due to RAN1 restrictions, and such decision was/is outside the scope of responsibilities in RAN1 where TM5 was actually defined. 

Another argument made in [1] is that for TMs not based on CSI-RS/DMRS, only distributed EPDCCH is possible and this is undesirable. This is a rather dubious argument and the rationale is not clear as it seems to suggest both that distributed EPDCCH operation is undesirable and that localized EPDCCH operation requires a UE to monitor CSI-RS. In fact, at least due to limitations in the CSI feedback required for localized EPDCCH operation in Rel-11, distributed EPDCCH operation may be the only EPDCCH type a network can rely on in practice [2].     

In summary, there are no benefits from a specification, implementation, or testing perspective for EPDDCH operation by restricting support for corresponding DCI formats. There are also no respective benefits in the PDSCH operation for a Rel-11 UE that should be able to support scheduling by PDCCH and to operate in a Rel-10 network. Conversely, as previously discussed, there are identifiable benefits in providing a network the capability to use EPDCCH for general DL control signaling capacity enhancements and in not prohibiting such functionality by speculative and unnecessary restrictions through RAN1 specifications on the DCI formats that can be supported by EPDCCH. 
There has also been some discussion in [3, 4] regarding support of DMRS-based PDSCH by DCI format 1A transmitted through EPDCCH. As DCI format 1A is needed for fall-back support (CSS may not be relied to always be available in terms of capacity for this purpose) and as, otherwise, DCI format 1A is not a likely DCI format to be used when an eNB has accurate CSI from a UE, modifying the behavior of DCI format 1A to be DMRS-based instead of CRS-based is unlikely to offer any practical benefit while it may complicate the scheduler and UE designs. Therefore, for all Rel-10 TMs (i.e. any TM other than TM10), the Rel-10 CRS-based operation for DCI format 1A should be maintained also for the case the detection is through an EPDCCH. Further discussion is needed for TM10 but PDSCH transmission should follow the same principles regardless of whether the associated scheduling is by PDCCH or by EPDCCH.
3 Conclusions

This contribution considered the need for restricting the DCI formats that can be supported by EPDCCH. There is no identifiable benefit from such a restriction on any aspect of the EPDCCH operation or on the PDSCH TMs a network or a UE need to support in Rel-11. Conversely, DL control channel capacity enhancements are then only possible for PDSCH operation with TM9. 

Proposal: Confirm the working assumption that EPDCCH supports all PDSCH TMs.
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