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1
Introduction
In RAN#54, a Work Item on enhanced control channel(s) was started [1]. Some of the objectives of the WID are listed as follows: “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”.
In this contribution we discuss several aspects related to ePDCCH search space definitions: First addressed issue is the physical resource allocation for the search space(s) where the UE should find its ePDCCH(s). Second aspect is the high-level structure of the search space(s). Finally, we discuss monitoring of PDCCH in context of ePDCCH.
2
Search space aspects
Resource allocation for ePDCCH

Multiplexing between ePDCCH and PDSCH on PRB pair level is not yet resolved [2], however it seems rather clear that ePDCCH will at least be located within the PDSCH region of the subframe in higher-layer configured PRB pairs that need to be signalled to the UE. Options for the signaling method are a simple bitmap or one or more of the existing resource allocation (RA) types. While we currently do not have a very strong view on the exact mechanism, it does not seem useful to enable all existing RA types for this purpose as in case of R-PDCCH – for example distributed virtual resource block assignment (in resource allocation type 2) does not seem to be particularly useful as this would introduce similar problems that are related to hybrid FDM/TDM –based multiplexing between PDSCH and ePDCCH [2].
The ePDCCH region where the UE finds its search space(s) also has to be defined in terms of OFDM symbols. Hence, also the ePDCCH region starting point should be higher-layer configured. Considering that additional carrier types may not carry PDCCH hence ePDCCH could start already from symbol index 0. On the other hand when PDCCH region is present, it may span up to four OFDM symbols.
Proposals:

· The search space(s) for the UE are located in UE-specifically configured PRB pairs.
· Signaling is done using a subset of existing resource allocation types or a bitmap of PRB pairs allocated for ePDCCH.
· The ePDCCH starting symbol index is UE-specifically configured, and is between 0 and 4.
It is noted that while the PRB pair(s) allocated for ePDCCH are UE-specific, the eNB can always configure the same PRB pair(s) for multiple UEs to enable ePDCCH transmissions using common resources, for example distributed transmissions. From this perspective it may be beneficial to have separate configuration for e.g. distributed and localized ePDCCH transmissions.
Search space structure
In Release 8, the search space consists of CCEs that are sets of 36 REs distributed over the bandwidth. The eNB may transmit the PDCCH on an aggregation of {1,2,4,8} CCEs. This enables PDCCH link adaptation for the eNB. This concept has been well-proven in earlier LTE releases and as such there does not seem to be any reason why the concept should not be reused also for ePDCCH. Hence, the configured resources would be split into eCCEs that then form the search space. How the resources are exactly split into eCCEs is further discussed in [3].
In contrast to PDCCH, the ePDCCH may contain also a spatial component. When configured to monitor ePDCCH, the UE will at least monitor the search space locations on multiple aggregation levels using one configured antenna port for channel estimation. Whether UE should monitor also multiple antenna ports is FFS – while this might enable more flexibility for example from SDM perspective, at the same time the UE will need to compute multiple channel estimates which would impact the blind decoding budget. 

In RAN1#67 it was agreed that both localized and distributed transmissions shall be supported by ePDCCH. Distributed transmissions are needed also for fallback even when localized transmissions are possible, hence it would be beneficial to have both localized eCCEs and distributed eCCEs as part of the search space. Whether there is any need for any configurability between the number of localized eCCEs and the number of distributed eCCEs that the UE needs to monitor is currently not very clear. It might be simplest to have a pre-defined number of localized eCCEs and distributed eCCEs included in the search space.
In case of R-PDCCH, there are essentially separate search spaces for DL and UL. Now in case of ePDCCH, the number of blind decoding attempts made by the UE will again be limited; hence it would be highly desirable to be able to reuse some of the blind decoding attempts for both DL and UL grants. For this reason during LTE specification, considerable effort has been already made for example to match downlink DCI format 1A size with DCI format 0 size in order to reduce the number blind decoding attempts required by the UE. This approach should be used also in case of ePDCCH by having joint search space(s) for both DL and UL grants.
Proposals:
· The search space(s) consist of eCCEs and each ePDCCH may be transmitted using an aggregation of {1, 2, 4, 8} eCCEs.

· The search space(s) contain both localized and distributed eCCEs.
· UE shall monitor both DL and UL grants in the same search space(s).
Legacy PDCCH monitoring
Considering the motivations to introduce ePDCCH, especially enabling frequency-domain ICIC and spatial reuse of resources, it would seem beneficial to relax any dependencies on PDCCH. For example, when the UE is configured to monitor ePDCCH, the UE should monitor the UE-specific DCIs (scrambled using C-RNTI) only within the ePDCCH search space(s). Especially there should not be any dependency on PDCCH (or PCFICH) when decoding ePDCCH.
For the purposes of frequency-domain ICIC, it might also be beneficial to enable common search space on ePDCCH, in which case the UE would monitor only ePDCCH. Another motivation to introduce common search space on ePDCCH could be MTC devices that may not be able to access the full system bandwidth. However, whether bandwidth reduction is deemed as a significant cost saving factor such as to justify support of UEs with only narrow bandwidth capability is still FFS, hence the support of common search space on ePDCCH might still need further studies.
Proposal:

· When configured to monitor ePDCCH, the UE shall monitor at least DCIs scrambled with C-RNTI only on ePDCCH.

3
Conclusions

In this contribution we have discussed various issues related to ePDCCH search space definitions. Our proposals are summarized as:

Proposals:

· The search space(s) for the UE are located in UE-specifically configured PRB pairs.

· Signaling is done using a subset of existing resource allocation types or a bitmap of PRB pairs allocated for ePDCCH.
· The ePDCCH starting symbol index is UE-specifically configured, and is between 0 and 4.

· The search space(s) consist of eCCEs and each ePDCCH may be transmitted using an aggregation of {1, 2, 4, 8} eCCEs.

· The search space(s) contain both localized and distributed eCCEs.
· UE shall monitor both DL and UL grants in the same search space(s).
· When configured to monitor ePDCCH, the UE shall monitor at least DCIs scrambled with C-RNTI only on ePDCCH.
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