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Discussion and decision
1. Introduction
Enhanced downlink control channel (E-PDCCH) has been discussed in RAN1 since RAN1#65, May 2011 as part of the DL MIMO Enhancement study item. In RAN#54 in December 2011 E-PDCCH was promoted to an independent work item with updated objectives.
This contribution discusses the standardization schedule with respect to the Rel-11 specifications 
2. Discussion
2.1 Objectives
The objectives for the study item were to evaluate the enhancements for downlink control signalling based on UE-specific reference signals and to support MU-MIMO. During the study item phase motivations and scenarios were further discussed and more cases were identified. Therefore the objectives for the E-PDCCH work item were considerably extended and in RAN#54 agreed to be:
The work item will specify an enhanced physical downlink control channel(s) that is/are able to operate on legacy carriers and on the new carrier type (as is being introduced under the WI on CA Enhancements for LTE, LTE-CA-EN). The enhanced physical downlink control channel(s) shall be able to support increased control channel capacity, to support frequency domain ICIC, to achieve improved spatial reuse of control channel resource, to support beamforming and/or diversity, to operate in MBSFN subframes (Note that ability to operate in non-MBSFN subframes is also assumed.), and to coexist on the same carrier as legacy UEs. It is also desirable for the enhanced physical downlink control channel to be able to be scheduled frequency-selectively, and to be able to mitigate inter-cell interference.

This work item is intended to be fully consistent with decisions taken in other relevant WIs.

According to the work item description there are impacts on the specification for RAN working groups 1, 2 and 4 and it is also evident that the work item is much broader than that of the previous study item and it will require a substantial amount of work and considerations as well as inter-working group discussions in order to be finalized. The enhanced control channel shall in addition target three different main scenarios and be compliant with other work items, like carrier aggregation enhancements and CoMP. Operation on the following carrier types should at least be considered:

· Legacy stand-alone carrier (both non-MBSFN and MBSFN subframes)

· Cross-scheduled SCell
· New carrier type

The new carrier type is currently developed in the CA work item and the final details are not yet known.
2.2 Standardization considerations

For the core part of the specification the expected completion date is in RAN#57, which is September 2012, and it is also the functional freeze date for Rel-11 Stage 3. So far the progress in RAN1 has been quite slow and it was not until RAN1#66bis in October 2011 that it was actually decided to develop an enhanced downlink control channel. In RAN1#67 the first agreements were reached regarding localized and distributed transmissions, reference signals as well as a proposed agreement that PRB-pair level multiplexing between PDSCH and E-PDCCH within a subframe uses FDM.
Before the completion date in September 2012, there are only four RAN1 meetings and according to the objectives the standardization task is very large when taking into account the relatively small number of decisions RAN1 have reached so far.

2.3 Suggested way forward

One possible solution is a phased approach, where in the first phase PDCCH and E-PDCCH would be used together so that common control such as system information (SI), random access channel (RACH) response indicator, paging indicator and potentially PHICH are signaled from PDCCH and only UE-specific control is signalled from E-PDCCH. In case of carrier aggregation PDCCH could potentially be transmitted from a Pcell, which cross-schedules a Scell containing the E-PDCCH. In a second phase also the common control could be added to E-PDCCH and make independent operation possible.

From a specification and release perspective phase one would be standardized in Rel-11and phase two would be postponed to a later release e.g. Rel-12. This would decrease the standardization load in Rel-11 as the work on search spaces and mapping of common control channels could be postponed. Thus, we would in Rel-11 mainly focus on the following topics and features:

· Increased control channel capacity

· UE-specific control channel regions and search spaces
· Localized and distributed allocations with beamforming and/or diversity
· Reference signals

· Spatial reuse of control channels

· Frequency selective scheduling
A more detailed division between phase one and two should naturally be discussed. This could be a reasonable way of structuring the work in order finalize a functional part of the objectives in time. Of course, the work must be structured in a way so that phase one can be seamlessly extended by phase two
Standardization of PHICH in phase one needs some further considerations. According to the Rel-10 rules PHICH shall be transmitted from the same carrier, where the UL grant was transmitted. In case there is no E-PHICH for E-PDCCH this is not always possible for a cross scheduled Scell if the grant was transmitted with a Rel-11 E-PDCCH from the SCell, which does not contain a PDCCH, which could be the case for the new carrier type. A few solutions could be envisioned for this special case:
· Modify the rule and allow PHICH in this case from PCell
· UE always assumes Ack and an adaptive grant is used for retransmissions so no actions needed

· E-PHICH is defined and standardized for the E-PDCCH as well in Rel-11

The first alternative is to introduce an exception to the PHICH rule, which fixes the problem but breaks the logic of the design. Alternative two is to have the same approach as for the Relay Node and use adaptive grants for negative acknowledgements. Alternative three is to develop E-PHICH already in first phase in Rel-11. Alternative two also allows the development of E-PHICH in a later stage. Of these three alternatives the second and third seem to the preferred solutions as they aim for the development a dedicated EPHICH either in Rel-11 or Rel-12. Further discussions and considerations are of course needed for E-PHICH.
3. Conclusions
This contribution discusses the standardization roadmap for E-PDCCH. It is noted that there are only four RAN1 meetings before the expected completion date and therefore a phased approach is proposed:
· A phased approach for E-PDCCH standardization is considered, where the UE-specific control function is specified in Rel-11 and the common control functions use legacy PDCCH. The reason is that the standardization of the whole E-PDCCH in Rel-11 would most likely not be completed in time and the work item would be delayed. The main benefit of the phased approach is that all UE-specific tasks of the objectives could be standardized in the work item timeframe
· The common control could be specified in Rel-12
· Discuss to what extent E-PHICH is needed in Rel-11
· An important requirement is that phase one must be seamlessly extended by phase two
 RAN1 is asked to consider a phased approach for the E-PDCCH standardization.
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