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1. Introduction

In RAN1#67, following agreements on E-PDCCH had been reached [1]:
· Agreement:
· Both localised and distributed transmission of the enhanced control channel are supported

· At least for localised transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS

· Working assumption:
There are no cases where CRS is used for demodulation of the enhanced control channel.
In addition, the support common search space on E-PDCCH was discussed in RAN1 #68 with no consensus. 

In this contribution, we share our considerations on the common search space and UE specific search space for E-PDCCH design.
2. Discussion 
2.1. Common search space

Common search space is currently defined in Rel-8 PDCCH in which a UE blind decodes the DCIs scrambled with common RNTIs, e.g. SI-RNTI, P-RNTI, RA-RNTI, TPC-PUCCH-RNTI and TPC-PUSCH-RNTI. These common DCIs are transmitted to a group of UEs or broadcast to all UEs in the cell, regardless of the UE version. In most scenarios, it would be sufficient that these common DCIs are transmitted in common search space of the legacy PDCCH region. However, there are still some requirements and related scenarios where the legacy PDCCH would be problematic, which are described as following: 

· Frequency-domain ICIC for CSS

In co-channel heterogeneous network deployment with range expansion, the reliability of the legacy PDCCH would be degraded severely due to high inter-layer interference. If a Rel-11 UE monitors common search space in legacy PDCCH and UE specific search space in E-PDCCH, it will lead to imbalance coverage between common search space and UE-specific search space. Even if almost blank subframes are configured in Marco node, the UEs in low power node will suffer the CRS interference when they monitor the common search space in legacy PDCCH. Therefore, common search space transmitted in E-PDCCH can effectively mitigate the inter-layer interference.
· Increased capacity of CSS

In CoMP scenario 4, each RRH has the same cell-ID as Marco node. Hence, all the nodes share the same common search space on legacy PDCCH. With increased number of UEs served by the RRHs, the CSS on legacy PDCCH need to support more DCIs scrambled by common RNTIs, e.g. TPC-PUCCH-RNTI and TPC-PUSCH-RNTI. The CSS capacity on legacy PDCCH may not be sufficient.
· Potential new feature in future
As for the low cost MTC, the reduced receiving bandwidth is considered as a potential way for cost reduction. Low cost MTC UEs need to access the LTE network with a larger bandwidth than that supported by the MTC UEs, in which case the low cost MTC UEs cannot decode the legacy PDCCH correctly since PDCCH is interleaved in the larger bandwidth. In this case, common search space in E-PDCCH is required. 
In the above mentioned scenarios, transmitting common DCIs by E-PDCCH can be beneficial for Rel-11 UEs. However, one concern about CSS on E-PDCCH is the duplication of DCI overhead in both legacy PDCCH and E-PDCCH. In general, CSS on E-PDCCH can be divided into two cases:

· Case 1: Both CSS on E-PDCCH and CSS on legacy PDCCH exist in a subframe from the system perspective. From the UE perspective, a Rel-11 UE initially accesses the network by legacy PDCCH and switches to monitor CSS on E-PDCCH when configured by higher layers. The duplicated DCI overhead is analyzed for each RNTI type as shown in Table 1.
· Case 2: Only CSS on E-PDCCH exists in a subframe without legacy PDCCH from the system perspective. All Rel-11 UEs can directly access the network by CSS on E-PDCCH. This type of CSS on E-PDCCH can be used for new carrier type without legacy PDCCH. Hence, there is no duplicated DCI overhead.
Table 1: duplicated DCI overhead of CSS in legacy PDCCH and E-PDCCH
	RNTI type
	DCI overhead duplication for Case 1

	SI-RNTI
	Duplicated DCI overhead

	P-RNTI
	Minor duplicated DCI overhead

The DCI overhead for P-RNTI is duplicated only when system information is updated.
The DCIs overhead by P-RNTI does not need to be duplicated for paging message, which is transmitted in legacy PDCCH for RRC_IDLE UEs.

	RA-RNTI
	No duplicated DCI overhead

The DCIs scrambled by RA-RNTI are always transmitted in legacy CSS for initial RACH procedure. For non-contention based RACH procedure, the DCIs scrambled by RA-RNTI in different CSS is used to indicate RACH MSG2 for UEs belong to legacy or E-PDCCH CSS separately.

	TPC-PUCCH-RNTI/

TPC-PUSCH-RNTI
	No duplicated DCI overhead
The DCIs scrambled by TPC-PUCCH-RNTI/TPC-PUSCH-RNTI in different CSS is used to inform the group power control information for UEs belong to legacy or E-PDCCH CSS separately.


Based on the above analysis, the duplicated DCI overhead is mainly for SI-RNTI scrambled DCIs. Other RNTIs have minor impact on DCI overhead. Therefore, we propose that common search space should be considered in E-PDCCH design, especially for use cases where legacy PDCCH does not exist.
Proposal 1: Support of common search space on E-PDCCH should be considered in the E-PDCCH design.

Proposal 2: If CSS on E-PDCCH is supported, it shall allow a carrier with E-PDCCH to work without legacy PDCCH.
2.2. UE specific search space
It has been agreed that both localized and distributed transmission of the enhanced control channel are supported. However, it is not yet clear whether a UE should monitor both localized and distributed E-PDCCH candidates. In general, localized transmission of E-PDCCH can be applied to obtain beamforming and frequency selective scheduling gain in case more accurate CSI is known at the eNB, for example in high SNR regime. Furthermore, localized transmission of E-PDCCH can reduce the resource fragment in E-PDCCH region. Distributed transmission of E-PDCCH can be applied to obtain frequency diversity gain in case less accurate CSI is available at the eNB, for example in low SNR regime. 

Unlike the R-PDCCH, the channel and interference condition for a UE changes more dynamically than for a Relay Node. The semi-statically configured transmission mode for R-PDCCH hence is not attractive for E-PDCCH. It is beneficial for UE to monitor both localized and distributed E-PDCCH candidate in one subframe, which allows dynamically harvesting the benefits localized and distributed E-PDCCH transmissions. For scenarios where sub-band CQI feedback is not available for frequency selective scheduling of localized E-PDCCH, localized E-PDCCH (especially for low aggregation levels) is still useful to reduce the resource fragment in E-PDCCH region. 
Proposal 3: A UE shall monitor both localized and distributed E-PDCCH candidates in each subframe.

In [2], the simulation results show that the localized E-PDCCH transmission with frequency selective scheduling gain has better link performance than distributed E-PDCCH transmission for lower aggregation levels, and the distributed E-PDCCH transmission is more attractive for higher aggregation levels. Therefore, we have following proposal:
Proposal4: Localized E-PDCCH candidates shall be supported for lower aggregation level(s), and only distributed  E-PDCCH candidates shall be supported for higher aggregation level(s).
3. Conclusions

In this contribution, we discuss the common search space and UE specific search space for E-PDCCH design. Particularly, we have the following proposals:
Proposal 1: Support of common search space on E-PDCCH should be considered in the E-PDCCH design.

Proposal 2: If CSS on E-PDCCH is supported, it shall allow a carrier with E-PDCCH to work without legacy PDCCH.
Proposal 3: A UE shall monitor both localized and distributed E-PDCCH candidates in each subframe.

Proposal4: Localized E-PDCCH candidates shall be supported for lower aggregation level(s), and only distributed  E-PDCCH candidates shall be supported for higher aggregation level(s).
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