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1   Introduction
In this document, we continue the discussion in [1] on the need for supporting a common search space (CSS) on EPDCCH for LTE Rel-11. 
2   Discussion
A LTE Rel-11 UE is expected to receive EPDCCH either on a backwards compatible carrier or on the new carrier type (NCT) associated with a backwards compatible carrier. In both cases, DCI related to system messaging such as Paging, SIBs and RAR is transmitted by the network on the PDCCH common search space (CSS). Further, system messages themselves, i.e., the PDSCHs associated with P/SI/RA-RNTI are transmitted using ‘single antenna port’ or ‘transmit diversity’ transmission schemes associated with CRS. 
In RAN1#68, the aspect of additionally supporting a common search space using EPDCCH (eCSS) was discussed. The following motivations/scenarios were considered.
2.1   Motivations/Scenarios for eCSS
CoMP Scenario 4
In this scenario, low power RRHs are deployed within a macro-cell coverage area where transmission/reception points created by the RRHs have the same cell IDs as the macro cell. Several RRHs can be deployed within a macro-cell coverage area (e.g., 2,4,10 RRHs per macro-cell).  EPDCCH based transmission is useful in this scenario for sending UE-specific DCI (i.e., DCI associated with C-RNTI) on a per RRH basis. However, the need for using EPDCCH to transmit DCI related to common signalling is not clear. 
For scheduling SIBs, control signalling overhead does not increase due to introduction of RRHs within a macro-cell. For scheduling paging messages, since multiple page messages can be scheduled using a single P-RNTI based PDCCH, even if the paging message overhead were to increase in scenario 4, the PDCCH overhead can be controlled by scheduling more page messages with each P-RNTI based PDCCH. Similarly, for RACH, any PDCCH overhead increase can be controlled by scheduling multiple RAR messages with each  RA-RNTI based PDCCH. 
Apart from P/RA/SI-RNTI related signalling, CSS in Rel8/9/10 can also be used for providing group power control commands using DCI format 3/3A. Group TPC command signalling is typically envisioned to complement the individual TPC commands sent in DCI 0/4 uplink grants especially for scenarios such as VoIP with semi-persistent scheduling where an uplink grant is not sent for each uplink transmission. If the introduction of RRHs significantly increases the number of VoIP users served within a macro-cell coverage area, any increase in DCI 3/3A based TPC command signalling can be handled by either delaying the DCI 3/3A commands by a few subframes (impact on system performance is expected to be minimal since most UEs served by RRHs are expected to have low mobility), or by sending UE-specific TPC commands using DCI format 0/4 (control signalling overhead is slightly increased but, given DCI format 0/4 capacity is augmented by EPDCCH, there is no capacity limitation).
HetNet operation with large (6-9dB) CRE bias
In this scenario, Rel-11 UEs can be attached to a serving cell with 6-9dB cell range extension (CRE) bias while legacy UEs can only be attached with a bias lesser than or equal to 6dB. In RAN1#66bis, it was concluded that such large CRE bias values (beyond 6dB) can provide performance gains for some macro/pico deployments. In [2] for FeICIC, RAN1 has recommended RAN4 to consider UE performance requirements for UE Rx based techniques for PDCCH demodulation for 9 dB CRE bias. 
Given that RAN1 has already identified a mechanism that can allow the UE to receive control signalling with 6-9dB CRE bias, the need for specifying an EPDCCH based CSS to address the same scenario is not clear.  
Low cost MTC UE operation
Another motivation cited for EPDCCH CSS support is to enable the operation of a narrow bandwidth-capable UE (e.g 1.4 MHz) in a carrier with wider bandwidth (e.g. 10MHz). Such UE operation is being discussed as a candidate in the Rel-11 low cost MTC SI. If EPDCCH common search space operation is restricted to a narrow bandwidth to support such UEs, the coverage provided by narrowband transmissions is expected to be inferior to the coverage provided for other UEs on the same carrier that receive their signalling over a wide bandwidth. Given one of the objectives of low cost MTC SI is “The same defined LTE cell coverage footprint as engineered for “normal LTE UEs” should apply for low-cost MTC UEs” it is not clear how a narrowband EPDCCH based CSS can be suitable for the MTC context. Also, there is no current agreement in RAN1 to support bandwidth reduction as a mechanism for low cost MTC UEs either for Release11 or a future Release. Given these considerations, the need for specifying EPDCCH CSS based on this motivation is not well established.
Future Compatibility 
It was suggested in RAN1#68 that an EPDCCH based CSS can be beneficial for forward compatibility with other carrier types that provide no backwards compatible signalling of system information and are not associated with a carrier that provides backwards compatible signalling of system information (stand-alone non-backwards compatible carriers).  The need for supporting such carriers (even for a future Release) has not been agreed in either RAN1 or RAN. Also, support for such carriers is expected to have impact on the specifications of other WGs (e.g  RAN2) and therefore it may be a bit premature to design future compatible EPDCCH signalling for a carrier type whose characteristics have not been defined.
2.2   Performance/Efficiency of eCSS
As discussed in [1], if eCSS is supported on a backwards compatible carrier, the eNB has to repeat system information related DCI (i.e., P/RA/SI-RNTI) in both the legacy common search space (CSS) and the EPDCCH based common search space (eCSS).  This repetition can occur in the same subframe or in different subframes (i.e., CSS based signalling in non-ABS subframes and eCSS based signalling in ABS subframes).  Such repetition increases the overall control signalling overhead on the carrier. Also as mentioned in [1], in addition to repetition of DCI, the actual system information itself (i.e. PDSCH associated with paging, RAR and SIBs) has be repeated using both CRS based and DMRS based transmission schemes. This further increases control signalling overhead and reduces spectrum efficiency. 
In [3], we provide link performance results which show that the performance of FDM EPDCCH (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. This reduces the coverage for DCI transmitted using eCSS. The reduction in coverage can be overcome by provisioning more PRB-pairs for eCSS but it further increases control signalling overhead and reduces efficiency. 

3   Conclusions
In this document we discuss various motivations/scenarios that were considered for introducing a common search space using EPDCCH (eCSS). Based on the discussion we do not see a clear need for supporting eCSS. We also see that additionally supporting eCCS on backwards compatible carriers increases control signalling overhead and reduces spectral efficiency due to repetition of system information. 

 Accordingly, 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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� Please refer to Annex A in [3] for detailed simulation assumptions.
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