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1. Introduction

At the RAN1 #67 meeting, agreements and working assumption were concluded as indicated hereafter.
· Both localized and distributed transmission of the enhanced control channel are supported

· At least for localized 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
· There are no cases where CRS is used for demodulation of the enhanced control channel.
In response to these features, the search space should be carefully designed considering several issues such as blind decoding attempts, the capability to obtain beamforming and frequency scheduling gains, and the capability to obtain both frequency and spatial diversity gains. In this contribution, we present our initial views on the search space design for the E-PDCCH. 
2. Discussion
2.1
Transmission mode for E-PDCCH
The E-PDCCH is basically UE-specific control signaling owing to the DM-RS, which is quite similar to the PDSCH. The first issue is what transmission mode is to be supported for a UE when it is configured with the E-PDCCH, which was also discussed in a previous contribution [1]. According to the working assumption determined at the RAN1 #67 meeting, transmission mode 9 (TM 9) would be the baseline since no CRS is used for demodulation of the enhanced control channel. In addition, it may be preferable to support TM 8 since the CSI-RS would have an impact on legacy UEs not supporting TM 9. Therefore, further study regarding the necessity for the CSI-RS is needed.
Proposal 1: PDSCH transmission mode 9 should be considered as the baseline for the E-PDCCH. Whether or not transmission mode 8 with the CSI-RS should also be supported needs further investigation.
2.2
Motivations for common search space in E-PDCCH
Several contributions have expressed their views on specifying a common search space for the E-PDCCH [2] - [7]. The main motivations are discussed for introducing common search space, which contains broadcast type information such as system information (SI-RNTI), random access response information (RA-RNTI) and paging information (P-RNTI). In [3], it is noted that UEs that have difficulty in receiving the PDCCH from a macro cell in the cell range expansion zone would benefit from receiving broadcast control information through the E-PDCCH from a nearby lower power node. In addition, the UEs that receive the legacy PDCCH from a lower power node would still receive interference from the CRS from the macro cell even if almost blank subframes (ABSs) are configured. The interference from the macro cell will be even more severe if the picocell tries to schedule UEs in non-ABSs according to its own situation. Transmitting a common search space in the E-PDCCH could effectively cancel the interference to protect broadcast information in heterogeneous networks. In this case, the control signaling overhead could be reasonably disregarded due to the fact that a legacy control field could be eliminated or reduced in a lower power node.
2.3
Comparison of different options for search space design
As a common understanding, the E-PDCCH benefits the system by providing improved PDCCH capacity and PDCCH performance. Such an improvement can be achieved by UE-specific features of the E-PDCCH such as a beam-forming gain and spatial reuse of control channel resources owing to a UE-specific DM-RS. Therefore, at least the E-PDCCH should support UE-specific control signaling (search space).
Proposal 2: The E-PDCCH should at least support UE-specific control signaling.
Considering the benefits from defining common search space in the E-PDCCH, as depicted in section 2.2, we have the following possible search space configurations in terms of a common search space (C-SS) and UE specific search space (UE-SS) for the legacy PDCCH and E-PDCCH, respectively. 
Option 1: No C-SS in the E-PDCCH (assume that the E-PDCCH always has a UE-SS)

Option 1a: C-SS and UE-SS in the PDCCH

Option 1b: No UE-SS in the PDCCH

Option 2: C-SS in the E-PDCCH (assume that the E-PDCCH always has a UE-SS)


Option 2a: C-SS and UE-SS in the PDCCH


Option 2b: No UE-SS in the PDCCH


Option 2c: No C-SS in the PDCCH

We summarize all the options in Table I and the corresponding maximum number of blind decoding attempts is calculated. 
Table I Different Options for Search Space Design
	
	PDCCH
	E-PDCCH
	Max. number of  BDs

	
	C-SS
	UE-SS
	C-SS
	UE-SS
	

	Option 1a
	Yes
	Yes
	-
	Yes
	108 (60 + 48)

	Option 1b
	Yes
	-
	-
	Yes
	60 (12 + 48)

	Option 2a
	Yes
	Yes
	Yes
	Yes
	120 (60  + 60)

	Option 2b
	Yes
	-
	Yes
	Yes
	72 (12 + 60)

	Option 2c
	-
	Yes
	Yes
	Yes
	108 (48+60)


As described in Table I, although the E-PDCCH could help in terms of the control signal capacity, it would introduce an increase in the number of blind decoding attempts and increase the false alarm detection probability. 
Regarding the UE-SS, if the UE is configured with the E-PDCCH, the UE-SS in the E-PDCCH may be prioritized over that for the legacy PDCCH. In this case, since the UE is an advanced one, PDCCH capacity enhancement is more essential and consideration of blind decoding attempts may be de-prioritized. On the other hand, the increase in false alarm detection probability should be kept in mind. When such an increase in the false alarm detection is not acceptable, we could remove the UE-SS from the PDCCH. 
The necessity for the C-SS in the E-PDCCH depends highly on how effective it is to define the C-SS in heterogeneous network deployment scenarios. In terms of the number of blind decoding attempts, it is observed that there is no significant increase. Therefore, considering the forward compatibility as well as the motivation described in Sect. 2.2, we have a slight preference toward defining the C-SS in the E-PDCCH.
Proposal 3: In order to avoid a fragmentation problem in the future, we have a slight preference toward defining the C-SS in the E-PDCCH.
3. Mapping Scheme For Common Search Space
Given the assumption that the C-SS could be configured in the E-PDCCH, one problem we need to solve is how to map the DCI in the common search space into real physical resources. Bearing in mind that one motivation for defining the C-SS in the E-PDCCH is to avoid co-channel interference in heterogeneous networks and the working assumption that the E-PDCCH should be able to support a diversity gain, we would like to jointly design the C-SS for both macro and pico cells, and try to map the C-SS in a distributed way to obtain a frequency diversity gain.
Figure 1 shows an example of the C-SS mapping where a resource block group (RBG) is considered as the granularity for physical resources. In this example, a total bandwidth of 20 MHz is assumed, and it is split into 25 RBGs. Each RBG has 4 PRBs as an example, and 1 PRB contains 4 eCCEs as defined in [9]. In regard to how the DCIs are to be allocated, we assume that both macro and pico cells have the DCIs with aggregation level of 16 eCCEs, and a total of 64 eCCEs must be allocated considering the performance between the E-PDCCH and legacy PDCCH [9]. Then, different eCCEs are allocated to the macro eNodeB and pico eNodeB to avoid interference between them as shown in Fig. 1. In choosing a candidate RGB for the C-SS for the macro and pico cells, we employ distributed mapping. Hence, RBGs #0, #7, #14, and #21, which are physically isolated, are selected as candidate RBGs for the DCIs to be allocated. Subsequently, the DCIs for the macro and pico cells are jointly allocated/mapped into the selected resource. In this way, the frequency diversity gain is obtained through distributed mapping while interference coordination is achieved by differentiating the C-SS between the macro and pico cells. 
Proposal 4: Investigate the mapping schemes for a common search space that actualizes co-channel interference cancellation and obtains a frequency diversity gain.
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Figure 1 – RBG based C-SS joint mapping.
4. Conclusion

In this contribution, we presented our views on the search space design for the E-PDCCH. Regarding the transmission mode for the E-PDCCH, our proposal is as follows.

Proposal 1: PDSCH transmission mode 9 should be considered as the baseline for the E-PDCCH. Whether or not transmission mode 8 with the CSI-RS should also be supported needs further investigation.
Subsequently, we discussed the motivation for defining a common search space in the E-PDCCH and compared different options for search space design considering both the PDCCH and E-PDCCH. We have the following proposals regarding a UE specific search space and common search space.

Proposal 2: The E-PDCCH should at least support UE-specific control signaling.

Proposal 3: In order to avoid a fragmentation problem in the future, we have a slight preference toward defining the C-SS in the E-PDCCH.
Furthermore, under the assumption that common search space is introduced in the E-PDCCH, we presented the mapping schemes for the common search space that achieves eICIC in heterogeneous networks and a frequency diversity gain. The following proposal was made.
Proposal 4: Investigate the mapping schemes for a common search space that actualizes co-channel interference cancellation and obtains a frequency diversity gain.
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