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1. Introduction

In RAN1#66b, the approved design aspects of ePDCCH are summarized as follows [1]-[4]:
· Introduce an enhanced physical downlink control channel that is:

· able to support increased control channel capacity

· able to support frequency-domain ICIC

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.
In RAN1#67, some progresses on RS design and multiplexing with PDSCH were made, and on these aspects some issues are left for further study..

In this contribution, we present our views on search space design for ePDCCH. Two aspects are concentrated on - the design of common search space (CSS) and the design of addressing ePDCCH. On CSS, two alternatives are discussed. On addressing ePDCCH, dynamic and semi-static ways has been discussed.
2. On Common Search Space
In legacy PDCCH, the separation of common search space (CSS) and UE specific search space (USS) makes sure that the spectrum resources will not be allocated to the duplicated common control information, and therefore improves the resource usage efficiency.
For enhanced DL control signaling, the principle of CSS/USS design could be different. USS could be allocated in ePDCCH region, and UE specific control signaling can benefit from frequency domain ICIC, beamforming and other such merits of ePDCCH design. However, CSS design will not be decided that easily and need further consideration. As approved in the previous RAN1 meeting, considering the backward compatibility, ePDCCH should coexist in the same carrier as legacy UEs, which implies there will still be legacy PDCCH region in R11 at least to allow legacy UEs to access the network. In this sense, there will be system control signaling in CSS in legacy PDCCH region when conveying the DL control signaling. Therefore, one natural ePDCCH design for CSS can be as follows:
Alt.1. R11 UEs monitor CSS in legacy PDCCH region to acquire common system information.

In this alternative, common system information could be reutilized by R11 UEs, which can prevent the duplication of such information transmitted in ePDCCH and thus principally improve the efficiency of resource utilization. But there is no free lunch that common system information will not have the chance to benefit from the frequency domain ICIC, beamforming scheme, and so on. This alternative may cause different performances, such as the coverage range, between common system control signaling and UE specific control signaling. On the contrary, another alternative is as follows:

Alt.2. R11 UEs’ CSS is allocated in ePDCCH region.

Apparently this alternative makes R11 UEs to benefit from e.g. frequency domain ICIC and beamforming gain, which is the main improvement for current approved ePDCCH design principle. The disadvantage of such alternative is also evident that there will be common system control information in respective ePDCCH region for each R11 UE and such duplicated information will cost considerably resources especially in the case the number of R11 UE is quite large. Considering the target of supporting increased control channel capacity, this alternative may bring quite much redundancy so that the improvement may not be that obvious as expected. Potentially to improve this, if not all the R11 UEs can share common system signaling transmitted in only one common CSS in ePDCCH region, it can be designed that at least a group of R11 UEs can share one common CSS especially when the ePDCCHs of these R11 UEs are multiplexed in common PRBs. This will somehow decrease the duplication of common system control information.
The R-PDCCH design is a good starting point for this alternative. However the difference between the application scenarios of R-PDCCH and ePDCCH should be taken into account. Besides that R-PDCCH has no legacy PDCCH region, the number of the relay nodes is limited, and the wireless environment is relatively stable, while ePDCCH for R11 UEs just has the contrary situation. Additionally, the design of CSS should also consider following factors.
One is in the additional carrier type scenario. Since legacy PDCCH will not be transmitted, CSS and USS both have to be allocated in ePDCCH region, which makes Alt.2 seem like a suitable choice. 
Another factor needs to be considered is the complexity of blind decoding of R11 UEs, and the processing delay of UE implementation. Although applying ePDCCH may improve capacity and even the coverage of the DL control signaling, the required maximum number of blind decoding should avoid increasing the current maximum tries. More blind decoding attempts bring more implementation difficulties in R11 UE. In Alt.1,even if not detecting USS in legacy PDCCH region, R11 UEs are also required to detect CSS in legacy PDCCH region and then USS in ePDCCH region, in which case the decoding number will not decrease according to the current standard at least. In Alt.2, R11 UE only needs to detect USS in ePDCCH region. Although the decoding number may possibly keep the current level, while a non-ignorable decoding time delay will occur since all the blind decoding attempts will start right after receiving the last symbol of the subframe. 
In summary: for CSS design, whether to reuse the existing CSS in legacy PDCCH region for further DL control signaling still needs further discussion, which will be a compromise between the acquired frequency selective gain and the spectrum efficiency.

3. Search Space Addressing
In addition to the CSS design of ePDCCH, another important aspect of enhanced PDCCH is the way for UE to address the search space. 
In legacy PDCCH, the address of CSS is exact for all the UEs. And for USS, the address can also be implicitly acquired through the hash function of CRNTI, subframe sequence number and aggregation level.
When adopting ePDCCH in R11, the addressing scheme of control information search space is hard to keep unchanged. Two ways could be taken into account. One is to indicate the address dynamically through physical layer signaling, and the other is to signal the address in a semi-static manner through higher layer signaling.

As per applying dynamic way, besides the potential blind decoding in legacy PDCCH region (e.g. CSS), there should be a UE-specific search space indicator in legacy PDCCH region to inform UE its allocated ePDCCH frequency location and the search space address. Such an indicator should at least include the resource allocation information and also some MCS information which still occupies non-ignorable resources, and therefore it cannot be designed too small. In this case, the resource saving in legacy PDCCH region is not that obvious as expected, and especially when in CoMP scenario 4, there may still be the capacity problem. To improve this, two ways can be considered. One is to optimize the ePDCCH indicator to be more compact. And a new DCI format for this purpose could be considered. The other way is to make multiple R11 UEs to be indicated by one common indicator and obviously the resource utilization efficiency improves since resource occupied by such indicator reduced greatly. In this case, the UE-specific control signaling of these UEs may be multiplexed in common PRBs in ePDCCH region, and thus one common indicator is sufficient. Therefore, comparing to legacy PDCCH addressing, when such a group UEs performs blind decoding in legacy PDCCH to get the indicator, the addressing principle to this indicator can be changed a little, which can relate to a hash function with group information and subframe sequence.
For semi-static way, the addressing of ePDCCH is indicated through higher layer signaling. Comparing to the dynamic way, addressing ePDCCH in this semi-static way is less complicated. RRC signaling can indicate UE directly in which PRB and which location to monitor ePDCCH. 
However once this kind of indication is informed through RRC, the states need to be kept during a relative long period, that means the allocated resource cannot be released even when UEs complete the communication during this period. Also, higher layer signaling will have some time delay comparing to dynamic signaling, and thus this kind of semi-static configuration may lead to an ambiguity status for UE, since during the status transfer period of RRC signaling, UE will confuse whether to use the new indication or the old signaling. 
Therefore, for R11 UEs addressing ePDCCH search space, we have the following observations:

Observation 1: Both dynamic and semi-static way can be the candidates for R11 UEs addressing ePDCCH searching space.

Observation 2: Dynamic way takes advantages of in-time addressing ePDCCH in each subframe, while non-neglectful resources will be cost when performing such indication. 
Observation 3: Semi-static way can easily address the ePDCCH searching space for R11 UEs, however inflexible configuration can lead to inefficient resource utilization and status ambiguity during the transfer of the RRC signaling.
4. Conclusions
In this contribution we discussed the search space design for ePDCCH. The design of CSS and ePDCCH search space addressing is the focus of this contribution When discussing the CSS design, we have the following observation:
· For the CSS design, whether to reuse the existing CSS in legacy PDCCH region for further DL control signaling still needs further discussion, which will be a compromise between the acquired frequency selective gain and the spectrum efficiency. Other standardized factor also needs to be taken into account.
As per the search space addressing design, two ways, dynamic and semi-static ways, are analyzed and the observations are listed below:
· Both dynamic and semi-static way can be the candidates for R11 UEs addressing ePDCCH searching space.

· Dynamic way takes advantages of in-time addressing ePDCCH in each subframe, while non-neglectful resources will be cost when performing such indication. 

· Semi-static way can easily address the ePDCCH searching space for R11 UEs, however inflexible configuration can lead to inefficient resource utilization and status ambiguity during the transfer of the RRC signaling.
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