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1
Introduction
In RAN1#68, search space definitions were discussed. Especially, it was discussed whether common search space should be specified for ePDCCH. This discussion was also further continued via e-mail between RAN1#68 and RAN1#68bis. Another topic discussed during RAN1#68 related to search spaces was whether the UE can be configured to monitor both localized and distributed ePDCCHs within one subframe.
In this contribution we provide our views on the above two topics as well as some other aspects of ePDCCH search space design.
2
Search space design aspects
2.1
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 ePDCCHs resources (PRB pairs) would be split into eCCEs that then form the search space. How the resources are exactly split into eCCEs is further discussed in [1]. Furthermore as discussed in [1] the mapping of one eCCE to resources may be different for localized and distributed ePDCCH transmissions.
In contrast to PDCCH, the ePDCCH search space 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 scheduling flexibility for example from SDM perspective, at the same time the UE will need to compute multiple channel estimates which could impact the blind decoding budget. On the other hand this complexity may be negligible considering that the number of PRB pairs configured for ePDCCH may be relatively small. Hence the total channel estimation complexity may still be clearly lower than in case of PDCCH where full bandwidth channel estimates for up to four CRS antenna ports are needed.
Proposals:
· The search space(s) consist of eCCEs and each ePDCCH may be transmitted using an aggregation of {1, 2, 4, 8} eCCEs.
2.2
Search space for localized and distributed ePDCCHs 
In RAN1#67 it was agreed that both localized and distributed transmissions shall be supported by ePDCCH. In RAN1#68 it was further discussed whether the UE shall, for example, monitor both localized and distributed ePDCCHs within one subframe or whether it will be possible to configure the UE for example to monitor only localized ePDCCHs within one subframe.
Related to this, we can identify the following three cases:
1. UE monitors only distributed ePDCCHs within a subframe.

2. UE monitors both distributed ePDCCHs and localized ePDCCHs within a subframe.

3. UE monitors only localized ePDCCHs within a subframe.
The first case may be needed for high-speed UEs for which the eNB does not have up-to-date CSI feedback available. Similarly, it may be needed for UEs that are configured only with wideband (PUCCH) feedback modes, or even with other feedback modes where only wideband CQI is available.
Distributed transmissions are needed also for robust fallback even when localized transmissions are possible, hence it would be beneficial to have the UE monitoring also distributed ePDCCHs when it has been configured to monitor localized ePDCCHs. However, whether there is any need for more flexible configurability between the number of localized ePDCCHs and the number of distributed ePDCCHs that the UE needs to monitor is currently not very clear. It might be simplest to have a pre-defined number of localized ePDCCHs and distributed ePDCCHs included in the search space in this case.
Finally, for the third case there does not seem to be any very solid motivation considering that even when the UE is configured to monitor localized ePDCCHs it would be beneficial to have the UE monitor also distributed ePDCCHs for robustness.
Based on the above discussion it may be sufficient to have two possible configurations, either with localized ePDCCH transmission enabled or not. Distributed ePDCCH transmission would be then always enabled.

Proposals:
· The search space(s) may contain both localized and distributed ePDCCH candidates.
· Possibility of configuring the UE to monitor only distributed ePDCCH candidates can be considered.

2.3
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 that does not possess these properties. For example, when the UE is configured to monitor ePDCCH, the UE should monitor at least the UE-specific search space only within the ePDCCH resources. Especially there should not be any dependency on PDCCH (or PCFICH) when decoding ePDCCH. If common search space is specified for ePDCCH, it would be simplest for the UE to only monitor ePDCCH when ePDCCH is being transmitted within the cell.

Proposal:

-
When configured to monitor ePDCCH, the UE shall monitor at least UE-specific search space only on ePDCCH.

2.4
Need of common search space on ePDCCH 
In RAN1#68 the need to introduce common search space (CSS) on ePDCCH was discussed with no conclusion. Several motivations to introduce CSS on ePDCCH have been mentioned both during RAN1#68bis and during the consequent e-mail discussion, for example the following:

· Frequency domain ICIC for CSS

· Low cost MTC UEs with reduced bandwidth capabilities

· Overhead reduction in scenario 4 [2]
· Common control channel capacity [3]
Frequency-domain ICIC was indeed agreed as one original motivation to specify enhanced control channel, and enabling frequency domain ICIC for the control channel, including CSS, would in principle enable cell range extension for Release 11 UEs without resorting to TDM-based ICIC. Even with TDM-based ICIC enabled there are some practically unavoidable resource collisions between DCI formats scrambled with SI-RNTI and P-RNTI that could be avoided by resorting to CSS transmission on ePDCCH. It is noted that by definition, this use case would require that ePDCCH works standalone without any PDCCH-based initial access and configuration: After all, if PDCCH could be used for the common DCI formats, there would not be any problem requiring control channel ICIC to start with. So for this use case the UE should be able to access the ePDCCH common search space directly.
Another motivation to introduce common search space on ePDCCH could be MTC devices that may not be able to access the full system bandwidth. While it is not clear whether for this purpose CSS would need to be specified for ePDCCH already in Release 11, it is again emphasized that also this would clearly require standalone operation of ePDCCH. 

Overhead reduction in scenario 4 would mean that in principle the eNB could configure ePDCCH to start from symbol #0 whenever the UE is connected to a low power node, hence the UE would be operating basically only on ePDCCH. In this case it could be beneficial to allow CSS transmissions on ePDCCH.

Increasing common control channel capacity we see mainly targeted towards DCI formats 3/3A, i.e. for group power control commands. During the e-mail discussion before RAN1#68bis, random access response was mentioned as another target for control channel spatial reuse. However it is not very clear how this could be achieved in practice considering that to achieve spatial reuse the UE should be aware of different DM-RS scrambling sequences used within the same cell which is not the case during initial access [4].

During the e-mail discussion on CSS on ePDCCH before RAN1#68bis, some companies raised also the issue of possible introduction of ePHICH and/or ePCFICH channels. We do not see that this issue is connected to the issue of CSS on ePDCCH, except that it seems highly ambitious to think that all three could be completed within the Release 11 timeframe. Therefore it would seem to be needed to have some prioritization between these three features. As we do not see a strong need for ePHICH (see analysis in [5]), and maybe even less need for ePCFICH, from our perspective specifying CSS on ePDCCH should be prioritized over ePHICH and ePCFICH.

Observations:
· Common search space on ePDCCH would be beneficial for allowing FDM ICIC for control.

· Aligned with the ePDCCH design targets.

· Also low cost MTC UEs would benefit from CSS on ePDCCH.
· To truly realize the benefits, ePDCCH common search space must be independent of PDCCH and SIB transmissions.
· I.e. standalone operation.
· Prioritization between specifying common search space on ePDCCH and potential ePHICH and/or ePCFICH may be needed.

· Not everything can be done within Release 11 timeframe.

· CSS on ePDCCH would seem most beneficial out of the three features.
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) consist of eCCEs and each ePDCCH may be transmitted using an aggregation of {1, 2, 4, 8} eCCEs.
· The search space(s) may contain both localized and distributed ePDCCH candidates.
· Possibility of configuring the UE to monitor only distributed ePDCCH candidates can be considered.

· When configured to monitor ePDCCH, the UE shall monitor at least UE-specific search space only on ePDCCH.

We have also discussed the need to have common search space on ePDCCH. While we do not currently have a very strong view on the issue, at least the following observations can be drawn:

Observations:

· Common search space on ePDCCH would be beneficial for allowing FDM ICIC for control.

· Aligned with the ePDCCH design targets.

· Also low cost MTC UEs would benefit from CSS on ePDCCH.
· To truly realize the benefits, ePDCCH common search space must be independent of PDCCH and SIB transmissions.
· I.e. standalone operation.
· Prioritization between specifying common search space on ePDCCH and potential ePHICH and/or ePCFICH may be needed.

· Not everything can be done within Release 11 timeframe.

· CSS on ePDCCH would seem most beneficial out of the three features.
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