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Introduction
During RAN1 #71, agreements have been reached on all key aspects of EPDCCH design, and the WI was considered as completed. However, there are a few remaining areas that are still open for corrections, including:

· Finalization of search space equations, including the consideration of cross-carrier scheduling

· Finalization of blind decoding candidate split

· AP-to-RE mapping for distributed transmission

· Remaining details of PUCCH resource allocation in TDD
In this contribution, we discuss the search space equations and propose the corresponding corrections. 

Discussion 
After RAN1 #71, the search space functions for distributed and localised EPDCCH are captured in the specifications within the square brackets as follows:
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   for distributed EPDCCH
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    for localized EPDCCH 
(2)

Where
· p is the EPDCCH set index
· k is the subframe index
· 
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with m being the EPDCCH candidate index, 
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being the number of candidates with aggregation level L within set p, and 
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 being the carrier indicator field value.
The remaining issues for the search space functions include:

1) Whether additional correction is needed to address cross-carrier scheduling
2) Whether to use the same equation for both distributed and localized EPDCCH.
3) How to determine 
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 when there are two EPDCCH sets configured
Cross-carrier scheduling

For cross-carrier scheduling, what is currently captured in the specifications directly reuses the Rel-10 mechanism of using cross carrier indicator (as showed above). This is problematic for localized EPDCCH, because it can sometimes result in full overlapping of the candidates for different carriers. A good search space function for localized EPDCCH should have the candidates for each carrier spread out across the allocated bandwidth, while avoiding or minimizing the overlapping between the candidates for different carriers. In order to achieve these goals, two options are considered here. 

Option 1: 

The search space function is given by
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                                        (3)

where 
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 is the total number of cells/carriers being scheduled (self-scheduling plus cross-scheduling). For this option, the candidates for one AL for all the carriers are spread out across the allocated bandwidth as evenly as possible, which minimizes the overlapping issue among different carriers. At the same time, the candidates for each particular carrier are also spread out in frequency.
Option 2: 

The search space function is given by

[image: image9.wmf],,

,,,

()

mod/

ECCEpk

pkCIECCEpk

L

p

mN

LYnNLi

LM

ìü

æö

êú

×

ïï

êú

ç÷

+++

êú

íý

ëû

ç÷

×

êú

ïï

ëû

èø

îþ

                                                   (4)

With this equation, the starting position of each candidate in each AL is offset by 
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 for different carrier.
Both options provide a good distribution of candidates, and there is no obvious technical advantage for one over another. Given that Eq. (4) is slightly simpler than Eq. (3), we recommend adopting Eq. (4).
Distributed EPDCCH

Eq. (1) for distributed EPDCCH is a straightforward extension from Rel-8/9/10 search space function, where the candidates for one aggregation level (AL) use consecutive ECCEs. In this case, a distributed EPDCCH transmission with high AL for one UE can potentially block multiple distributed candidates of another UE with lower ALs. This can be avoided by having the candidates for one AL using non-consecutive ECCEs, e.g., by using the same search space function as in localized EPDCCH. Moreover, this would provide a unified function for distributed and localized EPDCCH. Given that there is no downside of doing so, we propose to use the same equation for both distributed and localized EPDCCH. Taking into account cross-carrier scheduling, Eq. (4) can be readily applied to distributed EPDCCH.
Proposed Correction 1: Use Eq. (4) as the search space function for both distributed and localized EPDCCH.
How to determine 
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 when there are two EPDCCH sets
When two EPDCCH sets are configured, it is desirable to use different 
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 for the two sets to create some randomness in the starting ECCE position when the two sets are (partially) overlapped. Among the approaches for determining 
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 proposed during the email discussion:
· Using “C-RNTI+1” as the seed for the 2nd set; this may cause C-RNTI blocking, thus is not desirable.

· Calculating 
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 twice using the same hash function in each subframe for two sets; this would cause the UE to have to calculate up to 3 times as many Y values when PDCCH and EPDCCH coexist, instead of a single Y value that can be used for both PDCCH and EPDCCH.
· Using different seed value for the initialization of 
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 for two sets; one seed could be the same as for PDCCH, and hence only twice as many Y values would need to be calculated.  
Both the second and third methods are straightforward and would provide the desired randomness. The third method seems slightly simpler provided that a good choice of seed can be found. 
We therefore propose the following:
Proposed Correction 2: When two EPDCCH sets are configured, use a different seed value for the initialization of 
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 for the second set.
Conclusion
In this contribution, we discussed the remaining issues on the search space functions, and proposed the following two corrections: 

Proposed Correction 1: Use the following equation as the search space function for both distributed and localized EPDCCH:
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Proposed Correction 2: When two EPDCCH sets are configured, use a different seed value for the initialization of 
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 for the second set.
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