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1   Introduction
In this document, we discuss Rel-11 search space design aspects related to E-PDCCH.
2   Discussion
2.1     Common Search Space for Rel-11 

In LTE Rel8/9/10, the UE monitors a set of PDCCH candidates in a common search space (CSS) for DCI related to system information and initial access signalling (i.e., Paging, System Information and RACH response). In the CSS, the UE monitors 4 PDCCH candidates at aggregation level 4 and 2 PDCCH candidates at aggregation level 8. The size of the CSS is 16 CCEs (16x36 = 576 REs). 
In RAN1#66bis and RAN1#67, the aspect of creating a new enhanced CSS (eCSS) outside the legacy control region and using E-PDCCH for scheduling the DCI related to system information and initial access was considered in several contributions[2][3] (while several other contributions [4][5][6][7][8] propose no CSS in E-PDCCH). If such an eCSS is supported, an eNB has to repeat system information related DCI in both the CSS and eCSS in order to support both legacy UEs and Rel-11 UEs on the same carrier. This increases the control signalling overhead. For example, if the eCSS has the same size as that of legacy CSS (i.e., 576 REs), approximately 5PRB-pairs are needed in a subframe to support eCSS. In Rel8/9/10, Paging, SI and RACH response are transmitted based on Transmit diversity transmission scheme using CRS. In RAN1#67, a working assumption was made that all E-PDCCH transmissions are expected to be based on DMRS. Given this, to support eCSS, in addition to repeating DCI, the actual system information itself (i.e. PDSCH) should also be repeated using a transmission scheme based on DMRS and this further increases overhead.
For channel estimation, only the DMRS present on eCSS RBs can be used for demodulating E-PDCCH. Given this, the link performance (and hence the coverage) of DCI sent using eCSS is expected to be inferior compared to the DCI transmitted in legacy CSS where the CRS across the entire channel bandwidth are available. In [1], we provided initial evaluation of E-PDCCH link performance with DMRS. Considering the results in [1], E-PDCCH performance (assuming wideband PMI feedback and no feedback errors) at 8 CCE aggregation level is 2.5 dB worse than legacy PDCCH. Since eNB cannot rely on per UE feedback for common search space scheduling, E-PDCCH link performance difference for common search space is expected to be worse than 2.5dB. Reduced coverage for DCI sent on eCSS can be overcome by provisioning more PRB-pairs for eCSS but it further increases control signalling overhead and reduces efficiency. 

Additional carrier types were also cited as another motivation for supporting eCSS. However, in Rel-11, additional carrier types are only being considered for carrier aggregation and such carriers are always associated with a carrier supporting Rel8/9/10 signalling. Given this, Rel-11 UEs can use the legacy carrier (with legacy CSS) for receiving any system information or access signalling relevant for the additional carrier type and eCSS is not required. 

Finally, since a Rel-11 UE cannot determine whether the network supports Rel-11 signalling or only Rel8/9/10 signalling, if an eCSS is introduced, the UE has to monitor both CSS and eCSS unless new signalling is introduced in e.g. the MIB to indicate the presence of eCSS. 

Based on the above considerations, we propose that Rel-11 UEs should monitor only the CSS in the legacy PDCCH control region for receiving DCI related to Paging, System Information and RACH response.  
Proposal:  For receiving DCI related to Paging, System Information and Random Access Response with RA-RNTI, a Rel-11 UE monitors only the Common Search Space in the legacy control region.

2.2 Rel-11 Search Space 
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Figure 1. – CCE structure for LTE Rel-11 UEs
Figure 1 shows a high level overview of CCE structure envisioned for LTE Rel-11. In LTE Rel8/9/10, the UE monitors a set of PDCCH candidates in the first 1,2 or 3 symbols of the subframe (legacy control region). In LTE Rel-11, given the support for E-PDCCH, the UE can monitor E-PDCCH candidates in a set of PRBs configured by the eNB (E-PDCCH RB set).   As shown in the figure, the UE is expected to monitor a set of CCEs (at least the common search space) in the legacy control region for receiving legacy control signalling. In addition to this, the UE monitors an additional set of CCEs (eCCEs) in the E-PDCCH RB set. Each PRB in the E-PDCCH RB set can contain a CCE (potentially more than one CCE per PRB) associated with an E-PDCCH candidate. The PRBs in the E-PDCCH RB set on which the UE does not successfully decode an E-PDCCH candidate can be assigned to the same UE for PDSCH reception with some minor restrictions. 
3   Conclusions
We propose the following:
· For receiving DCI related to Paging, System Information and Random Access Response with RA-RNTI, a Rel-11 UE monitors only the Common Search Space in the legacy control region 
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