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1 Introduction
In RAN1#68, there was online discussion on whether or not to support common search space (CSS) on ePDCCH, but without conclusion. Chairman suggested email discussion to make progress [1]:

This contribution tries to clarify the motivations to support common search space on ePDCCH, and explain the potential gains in the relevant scenarios.
2 Discussion

In Rel-8/9/10, a UE needs to monitor a UE-specific search space and the common search space. A UE-specific search space (USS) is intended to transmit dedicated signals for its associated UE, whereas the common search space is intended for UE groups and to transmit common control signals, e.g., PDCCHs for system information, paging information, random access response and group power control. 
When a UE is operating with ePDCCH, it also needs to read the above mentioned common control information. A natural solution is that Rel-11 UEs still monitor legacy common search space to acquire common control signals [2-3]. In this way, no additional specification efforts are needed and no common control signals need to be transmitted in ePDCCH. However, the simple solution based on legacy common search space may be not sufficient and introducing CSS on ePDCCH would be beneficial in some scenarios [4-5].
2.1 Frequency-domain ICIC
One objective of the ePDCCH design is to support frequency-domain ICIC. By collaborations of neighbouring cells, the detection performance of ePDCCH will be improved and its coverage will be enhanced. In contrast, legacy common search space transmission may be degraded significantly due to severe interference from neighbouring cells, especially in the range extension areas. If a Rel-11 UE only monitors legacy common search space, it is possible that the UE can obtain its dedicated control signals but cannot read common control signals reliably in some cases. Such coverage imbalance of new UE-specific search space (i.e. ePDCCH) and legacy common search space would limit the potential advantages of ePDCCH.    
Although the transmission of common control signals in ePDCCH will lead to additional overhead due to the duplicated transmission, we think that new common search space will improve the balanced coverage of dedicated and common control signals, which will benefit the system performance, especially in HetNet scenarios.
Observation 1: CSS with frequency-domain ICIC on ePDCCH will benefit the system performance, especially in the expanded range area of HetNet scenarios.
2.2 Reduced CRS interference 
CRS interference and its suppression have been discussed for a long time in with the scope of eICIC/FeICIC. There has been a common understanding that CRS interference is an essential factor affecting the performance of pico UEs significantly. Even if the almost blank subframes(ABS)/MBSFN subframes are configured in macro cells, the pico UEs may still suffer from severe CRS interference when they monitor the legacy CSS, as the ABSs and MBSFN subframes are transmitting CRS at least in the first OFDM symbols. 
In addition to HetNet scenarios, CRS interference may be also a potential issue in the practical deployment of macro cells. In CMCC’s field trial, it was observed that CRS interference from neighbouring cells degraded the PDCCH and PDSCH performance obviously. 
In summary, suppression/ reduction of CRS interference is very important for HetNet deployment as well as macro cell deployment. One possible solution is to rely on the advance receivers that will help UEs cancel or suppress the CRS interference when they are detecting the targeted signals. However, this solution is somewhat passive and don’t address the source of CRS interference. Moreover, it is not clear whether all Rel-11 UE will implement advance receiver. Thus, it is attractive to find a more straightforward approach to deal with the CRS interference.
However, legacy CSS don’t have the enough degrees of freedom to avoid or reduce CRS interference. In contrast, if CSS is supported on ePDCCH, its corresponding physical resource will be in PDSCH, which will facilitate the CSS to avoid or reduce CRS interference coming from the major neighbouring cells. For example, if the macro cell configures more MBSFN subframes, the CSS on ePDCCH transmitted from pico cell can avoid the macro CRS interference completely in the corresponding subframes.    
Observation 2: Due to its flexibility to reduce or avoid CRS interference, CSS on ePDCCH will achieve better performance than legacy CSS in HetNet deployment as well as macro cell deployment.
2.3 Increasing CSS capacity

In addition to HetNet, CoMP Scenario 4 is another alternative to deploy macro cells and low power nodes in an efficient way. From the deployment perspective, it is expected that there will be a larger number of UEs within one cell of CoMP Scenario 4; otherwise there is no motivation to deploy many low power nodes.

One the other hand, since all the nodes within the “large cell” share the same cell ID, the legacy CSS cannot achieve the cell splitting gain and its capacity is the same as that of a traditional cell. As a result, when there are a larger number of UEs within one cell, the legacy CSS need to support the RACH procedure and it capacity may become a potential limitation. If CSS is supported on ePDCCH, it will achieve the spatial reuse gain and increase the capacity correspondingly. Thus CSS on ePDCCH is essential for CoMP Scenario 4 to serve lots of UEs simultaneously.
Moreover, in Rel-10, DCIs for group power control commands are also transmitted in the common search space on the legacy PDCCH. Following the same reasons discussed above, it is another motivation to increase the CSS capacity, thereby requiring the support of CSS on ePDCCH.

Summarily, it is beneficial to support CSS on ePDCCH in CoMP Scenario 4 as it will offer a larger CSS capacity. 

Observation 3: CSS on ePDCCH can achieve the spatial reuse gain and increase CSS capacity in CoMP Scenario 4 which may suffer from legacy CSS capacity limitation due to the absence of cell splitting gain.

2.4 Supporting new carrier type 
Non-standalone new carrier type (NCT) has been introduced into Rel-11 for the carrier aggregation scenarios and is always associated with at least a backward compatible carrier. Thus the non-standalone new carrier will always be configured as an SCell. In this case, UEs can obtain the system information of SCell on NCT via dedicated RRC signalling from the PCell. Meanwhile, some other information relying on legacy CSS, e.g., random access procedure, may get benefits if CSS is supported on ePDCCH.    
It was agreed that Rel-11 should support multiple Timing Advance. Consequently, there is much discussion the random access procedure on SCell. An important issue is on which carrier the physical control channel associated with random access response should be transmitted. One possible solution is to send the corresponding PDCCH on a different serving cell than the SCell in which the preamble was sent [7]. This solution may lead to the potential capacity limitation of legacy CSS. An alternative solution is to rely on the CSS in ePDCCH, whose advantages are explained below.
The CRS density is expected to be reduced significantly in the new carrier type. Thus CRS interference among different cells will be reduced if new carrier types are deployed in the same frequency. Due to the less CRS interference, the solution relying on CSS in ePDCCH may achieve better performance while relieving the potential CSS capacity issue of other carriers.
Observation 4: Due to potential performance gain, CSS on ePDCCH is a better choice for supporting some information that is relying on legacy CSS now, e.g., random access response control signalling, in the new carrier type. 
2.5 Some concerns about CSS on ePDCCH 
One concern about CSS on ePDCCH is the potential increase of blind decoding and the corresponding complexity of UE implementation. This problem can be dealt with by limiting the total blind decoding of UE-specific search space and CSS on ePDCCH. In other words, CSS can be supported on ePDDCH at the cost of reduced blind decoding attempts for USS. How to splitting the blind decoding between CSS and USS should be further studied.  
Another concern about CSS on ePDCCH is the overhead due to the duplicated transmission of some common information. Since USS on ePDCCH can obtain beamforming and ICIC gains, it is usually more efficient than legacy PDCCH. Then a legacy control channel region may be reduced in the system, or even eliminated in some lower power nodes. Therefore, the additional overhead due to CSS on ePDCCH would not be a big issue, especially when we are aware of its various advantages. 
In summary, based on the above discussion, we have the following proposal:

Proposal:  Common search space should be supported on ePDCCH.
3 Conclusion
In this contribution, we discussed the main motivations to support CSS on ePDCCH, and analyzed its potential advantages in relevant scenarios. Based on the above discussions and analysis, the following proposal is given:
Proposal:  Common search space should be supported on ePDCCH.
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Email discussion until RAN1#68bis (moderator Tim Moulsley):


clarify potential requirements for CSS


clarify the relevant scenarios and aim for common understanding of gain/pain in relevant scenarios


aim for consensus on whether CSS needs to be supported on ePDCCH. 


Note that the discussion is aiming towards what to specify in Rel-11 (future proofness could be one consideration).











