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1
Introduction
In RAN1 #70bis meeting, the maximum number of EPDCCH set and the supported number of PRB-pair per EPDCCH set was agreed as following [1]:

Agreement:

· Maximum K = 2. KL and KD have following combinations: { KL = 1, KD = 0}, { KL = 0, KD = 1},  { KL = 1, KD = 1}, { KL = 0, KD = 2}, { KL = 2, KD = 0}.
· N = {2, 4, 8}

· N=8 is not supported when system bandwidth is <8 PRBs

· FFS whether further system bandwidth related restrictions to valid combinations of values of N and K can be agreed

· FFS until Friday whether to include N=16 for distributed (check on Thur). 
In order to finalize the Rel-11 EPDCCH design, the following search space issues need to be addressed:

· Support of N=16 in Rel-11
· The supportable N according to the system bandwidth

· Search space equations for localized and distributed EPDCCH

Therefore, in this contribution, we discuss on the abovementioned open issues to finalize Rel-11 EPDCCH search space design.

2
Remaining details of EPDCCH search space
It has been proposed to introduce N=16 on top of {2, 4, 8} and extensively discussed during last RAN1 meeting and also in e-mail reflector. It has been raised that N=16 may provide following benefits:
· Additional frequency diversity when aggregation level is large

· Better link adaptation accuracy
· EPDCCH resource allocation capability

Regarding the additional frequency diversity gain, we have observed from previous studies [2]-[3] that frequency diversity gain is saturated once it achieves diversity order 4. Therefore, it is anticipated that the additional diversity gain by allowing 16 PRB-pair might be marginal as compared with that of 8 PRB-pair case.
On the issue of link adaptation accuracy, we newly introduced spatial diversity scheme for distributed EPDCCH such as random beamforming with two virtual antennas which uses two antenna ports within an eREG. Since all the feedback schemes which have been introduced so far in the specification are based on either CRS or CSI-RS, there won’t be any tailored CSI reporting modes which is appropriated for the distributed EPDCCH link adaptation, thus resulting in hugh CQI mismatch already for distributed EPDCCH link adaptation. Keeping these in mind, the benefit of better link adaptation accuracy may not be achievable by using N=16.
In addition, the EPDCCH resource allocation without N=16 is already flexible enough from eNB perspective as the EPDCCH resource is configured per UE. Also, the introduction of N=16 doesn’t help anything to minimize resource utilization as the distributed EPDCCH anyhow needs frequency diversity gain so that a DCI will be distributed over all PRB-pairs configured for the EPDCCH set.
As no benefit is observed from introducing of N=16 while it may increase test case and specification efforts, we propose not to introduce N=16 in Rel-11.

Proposal-1: N=16 is not supported in Rel-11.

Given that the EPDCCH resource allocation is fully flexible from eNB perspective and the number of EPDCCH sets could be independently configured per UE, it seems to be unnecessary to allow all possible N irrespective of the system bandwidth. It is quite straightforward that N=8 is not supported if the system bandwidth is equal to and smaller than 8 PRBs. Even for N=4 with two EPDCCH sets requires all PRBs in PDSCH region in this case. On the other hand, it is unclear whether N=2 is used for larger system bandwidth as it has been introduced for smaller system bandwidth such as 6 PRBs since the frequency diversity order is limited and the aggregation level 16 cannot be supported for distributed EPDCCH. Furthermore, the resource utilization gain in localized EPDCCH could be marginal as there is a high possibility that the unused PRBs may be reused for PDSCH transmission in localized EPDCCH set.

Therefore, it seems to be appropriate to use {2, 4} in smaller system bandwidth and use {4, 8} in the other system bandwidths.

Proposal-2: Either {2, 4} or {4, 8} is used according to the system bandwidth.

Since up to two EPDCCH sets may be configured for a UE, in order to randomize the search space further, two different hash parameters and UE-specific starting eCCE offset for the second EPDCCH set have been proposed. The EPDCCH set dependent hash function may allow further randomization even within a subframe. That is, although the search space is exactly overlapped with another UE in one EPDCCH set, there is very high possibility that the search space is not overlapped with the same UE in the other EPDCCH set. The UE-specific offset for the second EPDCCH set macy avoid resource overlapping when two EPDCCH sets are overlapped for the same UE as long as the offset values are defined within proper ranges. However, the search space randomization effects are still limited since there could be many cases that two UEs have the same offset value.
The figure 1 shows the evaluation results in terms of blocking probability for the different hashing for two EPDCCH sets and the UE-specific offset for the second EPDCCH set where the offset value is implicitly configured with C-RNTI by modulo operation. For the modulation operation for UE-specific offset, we used UE-specific offset = C-RNTI mod 4. In addition, optimized greedy scheduler is used which first finds out the  EPDCCH resource with the aggregation level fit to the wideband CQI and tries higher aggregation level if it fails.
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Figure 1. Blocking probability with (K=2, N=8) according to the search space schemes.
As seen in the figure, the different hashing function according to the EPDCCH set provides gain in terms of blocking probability as compared with the same hashing for both EPDCCH set and/or UE-specific offset for the second EPDCCH set. Furthermore, the different hashing function may also provide benefit of reducing resource overlapping of search spaces when two EPDCCH sets are on top of each other.

Proposal-3: Different hash parameter is used according to EPDCCH set.

In [4], it is shown that the aggregation level specific offset provides significant frequency selective scheduling gain with a slight modification of legacy search space equation. The proposed search space equation for localized EPDCCH is following:
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 denotes an offset according to the aggregation level (L) and the EPDCCH candidate number (m). The offset allows non-consecutive EPDCCH candidates in a specific aggregation level so that frequency selective scheduling could be exploited. An example of 
[image: image4.wmf]L

m

O

,

 for the simulation is shown in the table 2 in Annex.

Given that localized EPDCCH has been introduced in order to exploit frequency selective scheduling gain, the aggregation level specific offset should be used with the legacy search space equation.
Proposal-4: Aggregation level specific offset should be introduced for localized EPDCCH search space.

3
Conclusions

In this contribution, we discussed on remaining details of EPDCCH search space design and investigated the candidate schemes with system-level evaluation. From the discussions and the observations, we propose followings:

Proposal-1: N=16 is not supported in Rel-11.

Proposal-2: Either {2, 4} or {4, 8} is used according to the system bandwidth.

Proposal-3: Different hash parameter is used according to EPDCCH set.

Proposal-4: Aggregation level specific offset should be introduced for localized EPDCCH search space.
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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)
	8 PRB-pair (distributed) 

	# of EPDCCH set (K)
	2 for distributed

	Drops, TTIs
	1 drop and 2000TTIs per drop

	Transmission schemes for EPDCCH
	Per-RB based (RBF) for distributed

	Number of eCCE allocation
	Wideband SINR based (distributed)

	Aggregation level [# of eCCE]
	1, 2, 4, 8


Table 2. An example of 
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	Candidate number: m 

	
	0 
	1 
	2 
	3 
	4 
	5 

	Aggregation level: L 
	1 
	0 
	8 
	16 
	24 
	32 
	40 

	
	2 
	0 
	8 
	16 
	24 
	32 
	40 

	
	4 
	0 
	4 
	 
	- 
	- 
	- 

	
	8 
	0 
	1 
	 
	- 
	- 
	- 
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