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Discussion
1
Introduction
In RAN1 #68 meeting, a couple of issues related to ePDCCH search space were discussed including introducing a common search space, supporting localized and distributed transmission in a UE-specific search space, and distributed transmission according to aggregation level. Due to the lack of time, no meaningful progress was made during the session. Since the search space design is the first to step to define a UE behavior for ePDCCH reception, it is very important to decide the followings with priority for the progress:

· Whether a UE-specific search space may contain both localized and distributed transmission
· Whether all aggregation levels in ePDCCH support distributed transmission
· Whether a UE search space can be located in both legacy PDCCH and ePDCCH
· Whether a common search space for ePDCCH is supported in Rel-11 and is configurable between legacy PDCCH and ePDCCH in a cell from a Rel-11 UE perspective
In this contribution, we discuss on the abovementioned open issues for search space design in the context of ePDCCH for the progress.
2
UE-specific Search Space Design
It has been agreed that both localized and distributed transmissions for ePDCCH design are supported as UEs may have different channel conditions in a cell. It is well known that the localized transmission exploiting frequency selective scheduling gain and beamforming gain performs well if an eNB scheduler has valid channel state information for the UE. On the other hand, the distributed transmission may provide robust ePDCCH transmission even though a valid CSI information is not available at the eNB scheduler. As similar with previous releases, the DCI-1A based fall-back transmission scheme should be also supported in combination with the other DCI based transmission schemes with ePDCCH, which implies that distributed transmission should be supported in all downlink subframes even in the case that a UE is configured with closed-loop transmission mode. Therefore, a UE-specific search space may contain both localized and distributed transmissions while a distributed transmission should be contained at least for the fall-back transmission.
Proposal-1: a UE-specific search space may contain both localized and distributed transmissions while a distributed transmission should be contained at least for the fall-back transmission.
So far, two alternatives have been discussed for distributed transmission such as eREG-level and eCCE-level distributed transmissions [1]-[3]. In eCCE-level distributed transmission, one eCCE aggregation level may not achieve frequency diversity gain if one eCCE is defined as a bunch of REs in the same PRB-pair assuming that eCCE is a minimum resource unit for blind decoding in a search space as similar with CCE in Rel-8. On the other hand, eREG-level distributed transmission may obtain frequency diversity gain by distributing multiple eREGs forming an eCCE over over multiple PRB-pairs. Since the distributed transmission should be used even for high geometry UEs suffering high Doppler frequency and/or configured with no CSI feedback due to excessive feedback overhead, the distributed transmission should be supported even for one eCCE aggregation level in order not to waste ePDCCH resources. Note that the performance of eCCE-level and eREG-level distributed transmissions is evaluated in a companion contribution and up to 3dB loss was observed [4] in AL-1.
Proposal-2: the distributed transmission should be supported for all aggregation levels.
Since Rel-11 UE may monitor both legacy PDCCH search spaces and ePDCCH search spaces, it may be possible to configure a search space partially located in both legacy PDCCH and ePDCCH so that the Rel-11 UE monitors a half of blind decoding attempts in legacy PDCCH search space and the other half in ePDCCH search space, which may allow dynamic resource switching between legacy PDCCH and ePDCCH. However, this search space sharing may bring up following issues:

· A distributed ePDCCH transmission may provide similar frequency diversity gain as legacy PDCCH. Hence, no performance benefit is expected from dynamic PDCCH type switching.
· An additional CRS-based or DM-RS based channel estimation may be required for legacy PDCCH or ePDCCH blind decoding, thus increasing UE receiver complexity.
· Partially lose resource utilization in both legacy PDCCH and ePDCCH as their blind decoding attempts are divided in each PDCCH resources.
As the introduction of ePDCCH has been agreed to improve legacy PDCCH performance and no benefit is shown from search space sharing, it is natural not to share a UE-specific search space and configure the search space in either legacy PDCCH or ePDCCH.

Proposal-3: a search spaces shouldn’t be shared between legacy PDCCH region and ePDCCH region in a subframe.

3
Motivations for Common Search Space

The common search space issue was mainly debated under the search space agenda item during the last RAN1 meeting as the legacy PDCCH supports both UE-specific search space and common search space. The common search space has been used for system information, paging, RACH response, and group power control commands. As an outcome of the discussions, the pros and cons of having ePDCCH common search space were captured in the RAN1 chairman’s note as following:
                    Summary of arguments claimed pro/con CSS on ePDCCH:

	Pro CSS on ePDCCH
	Con CSS on ePDCCH

	Het Net (if ABS is not configured?)
	Duplication of overhead

	Increased CSS capacity
	Need for fallback during reconfigurations (could equally well be handled by ePDCCH)

	Coverage extension for CSS
	Complexity (specifications / UE implementation)

	Reduced CRS-based channel estimation
	

	New scenarios e.g. low BW MTC devices
	


The advantages of ePDCCH common search space seem relatively clear as discussed in the previous contribution [5]. However, the drawbacks of having ePDCCH common search space are not fully agreeable due to the following aspects:
· The ePDCCH CSS can be independently used from legacy PDCCH CSS in CoMP scenario-4 to exploit cell splitting gain and increases CSS capacity.

· A fall-back is only required if a semi-static configuration between legacy PDCCH and ePDCCH is agreed. Otherwise, the fall-back is not needed for ePDCCH CSS configuration.

· The different downlink coverage between CSS in legacy PDCCH and USS in ePDCCH may result in other problems in the future release which may bring other specification impacts.

Hence, it seems to be appropriate to define ePDCCH common search space to enjoy the benefits described above.
Proposal-4:  introduce a common search space in ePDCCH.
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Link-level Evaluation of ePDCCH CSS
In this section, the performance of legacy PDCCH and ePDCCH is evaluated in link-level to see the achievable gain from the frequency domain eICIC for ePDCCH. In the simulation, one interfering cell in synchronized network deployment is assumed as a strong interference. For the ePDCCH common search space, distributed allocation with transmit diversity scheme is used so that eCCEs are distributed over multiple PRB-pairs (i.e., 4 distributed PRBs). In addition, the PRBs for ePDCCH CSS were blanked in the interfering cell to avoid inter-cell interference. Further details of simulation assumptions are listed in the table 1.
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Figure 1. Performance of common search space for legacy PDCCH and ePDCCH
From the evaluation result, it is observed that the frequency domain eICIC gain from ePDCCH provides significant gain as compared with legacy PDCCH CSS and the gain becomes more significant in the aggregation level 8 (AL-8). Although the beamforming gain and/or frequency selective scheduling gain may not be achieved from ePDCCH CSS, the frequency domain eICIC gain seems to be sufficient to justify the introduction of ePDCCH CSS in Rel-11.
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Conclusions

In this contribution, we discussed on the search space design for ePDCCH in Rel-11. From the discussions and observations, we recommend RAN1 to agree following proposals for further progress on ePDCCH:

Proposal-1: a UE-specific search space may contain both localized and distributed transmissions while a distributed transmission should be contained at least for the fall-back transmission.

Proposal-2: the distributed transmission should be supported for all aggregation levels.
Proposal-3: a search spaces shouldn’t be shared between legacy PDCCH region and ePDCCH region in a subframe.

Proposal-4:  introduce a common search space in ePDCCH.
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Appendix

Table 1. Link-level Simulation Assumptions

	System Bandwidth
	10MHz

	Antenna configuration
	2x2

	Number of CRS port
	2

	Feedback mode
	N/A

	ePDCCH resource allocation
	Distributed

	Transmission schemes for ePDCCH
	SFBC

	Channel models
	SCM-B

	Codebook for PMI reporting
	N/A

	Velocity [km/h]
	3

	DM-RS pattern
	Rel-10 (Port-7 and Port-8)

	DCI format for legacy PDCCH and E-PDCCH
	Format 0/1A

	Aggregation level [# of CCE]
	4 and 8

	Coding chain
	Same as legacy PDCCH

	Number of OFDM symbol for legacy PDCCH
	3

	Frequency selective scheduling (FSS)
	Disabled

	Chanel estimation
	Realistic

	PRB bundling for channel estimation
	Disabled


