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1. Introduction
At RAN1 #68, whether common search space (CSS) for common signalling could be defined in the E-PDCCH region was discussed [1]. An email discussion was kicked off to address the following:-
· 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 E-PDCCH. 

In this contribution, we share our views of CSS in E-PDCCH region from the above aspects and also provide some related proposals. 
2. Discussion
2.1. Motivation and requirements for new CSS
In Rel-8, UE blindly detects a set of PDCCH candidates in a common search space (CSS) for DCI messages scrambled with common RNTIs, e.g. SI-RNTI, P-RNTI, RA-RNTI. These common DCIs carry system information, paging information, initial access signalling and power-control signalling which target for a group of UEs or all UEs in the cell. Although in many cases, it would be sufficient to depend on common search space in legacy PDCCH region, even for cell-edge UEs, there are still some scenarios where UEs could not correctly decode the legacy PDCCH.
· For heterogeneous network, UEs in the cell range expansion zone would have difficulties to receive uncontaminated legacy PDCCH from pico cell due to high co-channel interference from macro-cell. Though it may be possible for advanced UEs to recover the contaminated CSS in legacy PDCCH region by CRS interference cancellation receiver, the performance of low-end UEs not equipped with such interference handling receiver could not be guaranteed. Considering that the reliability of broadcast type DCIs for all kinds of UEs should be guaranteed, it could be beneficial to control interference by creating a new CSS outside the legacy control region.
· For UEs operated within a narrow bandwidth (e.g. for low cost MTC), legacy PDCCH spanning the entire bandwidth cannot be decoded. It could be beneficial to provide a CSS which only spans a limited bandwidth. It could be worthwhile to consider the possibility to support such narrow band operation to make the standard future-proof.
· For the new carrier type, there is no legacy PDCCH region if CRS is not supported. Although a new carrier is always associated with a legacy carrier, and the UEs served by additional carrier could receive CSS from a legacy carrier, UEs may expect CSS on stand-alone new carriers which may be supported in a future release. Thus, from the aspect of forward compatibility, supporting new CSS based on DM-RS in E-PDCCH region on new the carrier type is reasonable.
Besides the scenarios above, the capacity improvement for DL control signaling is also a motivation for new CSS in E-PDCCH region. There’s no capacity issue for DCIs to broadcast system information to all UEs in the cell. But for DCIs transmitted to a certain UE or a group of UEs, such as DCI formats scheduling random access response, a capacity limitation for CoMP scenario 4 could be envisioned. In CoMP scenario 4, the number of UEs is expected to be increased due to spatial reuse. There would be more UEs performing random access at the same time which requires more DCIs to transmit random access response. Considering that there’re only 16 CCEs in legacy CSS not counting CCEs possibly occupied by other DCIs, the capacity of DCIs scrambled with RA-RNTI is quite restricted. Similarly, the capacity of DCI formats 3/3A carrying TPC commands for a group of UEs are also limited. To relieve the capacity restriction, it would be beneficial to move some DCI formats scheduling random access response and TPC information into the E-PDCCH region. Hence, based on these observations, we make the following proposal, 
Proposal 1: Common search space transmitted in E-PDCCH region should be supported.
2.2. Design aspects of new CSS 

Unlike R-PDCCH, a UE could attempt to receive legacy CSS in the PDCCH region in each subframe whatever probability that the UE could successfully decode the CSS. So, for UEs configured with the new CSS, it is necessary to define whether these UEs should monitor legacy CSS as well. If UE only monitors the new CSS in any subframe, there will be RRC reconfiguration ambiguity when eNB reconfigures some E-PDCCH related parameters, e.g. eNB configures UE to fallback to legacy CSS on PDCCH. On the other hand, if UE monitors both CSS in every subframe, the number of blind decodings obviously increases which is not desirable from the aspect of UE complexity, especially considering the shortened PDSCH processing time. Thus, we propose,
Proposal 2: How to monitor legacy CSS on PDCCH when UE is configured with the new CSS needs further study taking into account the system stability and the UE complexity. 
Since a DCI in new CSS is transmitted to multiple UEs, it has to follow any transmit diversity scheme applied, based on non-precoded DM-RS. In order to obtain frequency diversity gain, distributed mapping should be adopted for new CSS. The resource configured for the distributed mapping, i.e. the number of PRB pairs and the location of PRB pairs, could be fixed, semi-statically configured or dynamic signaled by a new DCI format [2][3]. Compared to fixed or semi-static configuration, dynamic signaling of resource allocation for new CSS could maximize resource efficiency for variable CSS loading as well as total loading for all distributed DCIs if the CSS and UE-specific SS for distributed mapping are multiplexed together, but at the cost of additional DCI payload. The function of this DCI could be described as “ePCFICH”. Thus we propose:-

Proposal 3: Study resource configuration schemes for the new CSS.
The detailed mapping scheme, e.g., similar REG-level interleaving approach as for legacy PDCCH or CCE-level interleaving/non-interleaving approach should be further evaluated. Both the performance and resource utilization efficiency should be considered. If distributed mapping of UE-specific SS is also configured, it would be better to jointly interleave both SSs to obtain better frequency diversity gain as well as higher spectrum efficiency. It is noted the new DCI mentioned above could indicate the resource configuration for both CSS and UE-specific SS which support variable total loading for all distributed DCIs. We further propose, 
Proposal 4: Study joint resource mapping schemes for the new CSS and UE-specific SS.
3. Conclusions
In this contribution, the potential requirements, the relevant scenarios, as well as some design aspects of common search space transmitted in E-PDCCH region are briefly discussed. Considering the benefits for HetNet scenarios, narrow band operation, the new carrier type, and the possibility of increasing control channel capacity.  We provide the following proposals:
Proposal 1: Common search space transmitted in E-PDCCH region should be supported.

Proposal 2: How to monitor legacy PDCCH when UE is configured with new CSS needs further study, taking into account the system stability and the UE complexity. 

Proposal 3: Study resource configuration schemes for the new CSS
Proposal 4: Study joint resource mapping schemes for the new CSS and UE-specific SS.
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