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1
Introduction
In RAN1 #71 meeting, RAN1 made a huge progress on Rel-11 EPDCCH design [1] including UE-specific search space design. In addition, the remaining details of the EPDCCH search space equation were discussed in RAN1 reflector [71-7]. As for the final details, following issues should be resolved:

· Search space equation for localized EPDCCH

· Search space equation for distributed EPDCCH

In this contribution, we discuss on the final details of the EPDCCH search space equation candidates for both localized and distributed EPDCCH transmission and evaluate the EPDCCH performance in system level in various conditions.
2
EPDCCH search space equation
Localized EPDCCH

It has been agreed that EPDCCH candidates for a specific aggregation level should be distributed over multiple PRB-pairs within an EPDCCH set as much as possible in order to exploit frequency selective scheduling gain. In e-mail discussion [71-7], two search space equation candidates were discussed and the following equation has been captured in the CR with bracket:
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The equation has an EPDCCH candidate specific offset according to the aggregation level and the number of PRBs in the EPDCCH resource set. The 
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 is used to support cross-carrier scheduling for EPDCCH with carrier indicator value 
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 has been used in order to minimize the overlapping of the PDCCH candidates in Rel-10 PDCCH search space. The offset may be reused if the EPDCCH candidates are located consecutively within an EPDCCH resource set. However, as RAN1 already agreed that the EPDCCH candidates for localized EPDCCH will be distributed over multiple PRB-pair as much as possible, it can easily be assumed that the EPDCCH candidates won’t be consecutive in most case. Therefore, the carrier specific offset should be different from the Rel-10 PDCCH search space equation. Also, since the offset 
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in the equation captured above, the offset is will be always less than ‘1’, resulting in no offset effect. In order to resolve these issues, we may simply use predefined offset value (e.g. 
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D

=1) with the carrier indicate value which will avoid the overlapping of the EPDCCH candidates for multiple component carriers.
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Proposal-1: a fixed value of offset is used for cross-carrier scheduling in localized EPDCCH search space equation.
Distributed EPDCCH

Two options have been discussed so far for the distributed EPDCCH search space equation as follows:
· Option-1: the Rel-10 search space equation is reused for distributed EPDCCH

· 
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· Option-2: the localized search space equation is used for distributed EPDCCH

· [image: image10.wmf]ë
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The option-1 which has been used for legacy PDCCH is proven to have high reliability through test and implementation. Since we can consider the legacy PDCCH as a distributed transmission, it seems to be straightforward to reuse the search space equation for distributed EPDCCH. On the other hand, the option-2 has been proposed since it may provide benefit when the localized and distributed EPDCCH resources are overlapped in the same PRBs as the EPDCCH candidates are distributed over multiple eREG groups.
Therefore, we evaluated the blocking probability performance when localized and distributed EPDCCHs are overlapped in the same PRBs according to the options. For the localized EPDCCH, we used the search space equation mentioned above. The details of the simulation assumptions are available in Annex.
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Figure 1. overlapping of the same number of PRBs for localized and distributed [80%, 20%].
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Figure 2. overlapping of the different number of PRBs for localized and distributed [80%, 20%].

In the figure 1 and 2, the EPDCCH blocking probability is evaluated when localized and distributed EPDCCH sets are fully overlapped according to the combinations of the EPDCCH resource sets and the UE distribution is 80% for localized EPDCCH and 20% for distributed EPDCCH. As seen in the figure, option-1 and option-2 show the same blocking probability even in fully overlapping case with localized and distributed EPDCCH sets.

The figures 3 and 4 show the EPDCCH blocking probability when the same size localized and distributed EPDCCH sets are fully overlapped according to the UE distribution such as [localized: 50%, distributed: 50%] and [localized: 20%, distributed: 80%]. As seen in the figures, there is no the performance difference between option-1 and option-2.
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Figure 3. overlapping of the same number of PRBs for localized and distributed [50%, 50%]
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Figure 4. overlapping of the same number of PRBs for localized and distributed [20%, 80%]

It is observed from the evaluation results that there is no performance gain with option-2 (new search space equation for distributed EPDCCH). Therefore, it is quite straightforward to reuse the Rel-10 search space equation for the distributed EPDCCH.
Proposal-2: reuse Rel-10 search space equation for distributed EPDCCH.
3
Conclusions

In this contribution, we discussed final details of the EPDCCH search space equations for both localized and distributed EPDCCH. Also, we evaluate the performance of the candidates of the distributed EPDCCH search space equations. From the discussions and observations, we propose the followings to finalize the Rel-11 EPDCCH design:
Proposal-1: a fixed value of offset is used for cross-carrier scheduling in localized EPDCCH search space equation.

Proposal-2: reuse Rel-10 search space equation for distributed EPDCCH.
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Appendix
Table 1. System-level Simulation Assumptions
	System Bandwidth
	10MHz

	Antenna configuration
	2x2

	Channel models
	UMa

	Velocity [km/h]
	3

	Codebook for PMI reporting
	Rel-8

	Chanel estimation
	Ideal

	HomoNet deployment
	57 cells

	EPDCCH scheduling
	Random

	Number of UE and distribution
	16 UEs/cell, uniform distribution

	# of PRBs in an EPDCCH set (N)
	4 or 8 for localized and distributed EPDCCH 

	# of EPDCCH set (K)
	2 (localized and distributed)

	Drops, TTIs
	1 drop and 2000TTIs per drop

	Transmission schemes for EPDCCH
	Closed-loop beamforming for localized

Per-RB based (RBF) for distributed

	Number of eCCE allocation
	Subband SINR based for localized

Wideband SINR based for distributed

	Aggregation level [# of eCCE]
	according to the table 9.1.4-5a in TS 36.213
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