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1. Introduction

In email discussion after RAN1 #71 meeting, the E-PDCCH search space equations are discussed, and the remaining issues are shown as following: 
· Search space equation for localized EPDCCH:
· How to define the cross carrier scheduling in the search apace equation for localized E-PDCCH.
· Search space equation for distributed EPDCCH
· Whether to use Rel-10 equation or localized E-PDCCH search space equation in distributed E-PDCCH search space. 
· Definition of Yk per EPDCCH set
· How to define the different Yk for each E-PDCCH set.
In this contribution, we share our views on the above remaining issues of E-PDCCH search space. 
2. Discussion
2.1. Search space equation for localized E-PDCCH
In case of self-contain scheduling, the search space for localized E-PDCCH is agreed as following:
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 is the number of EPDCCH candidates to monitor at aggregation level 
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In case of cross-carrier scheduling, there are two options in email discussion after RAN1 71 meeting:
· Option 1: 
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· Option 2: 
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 is the total number of cells being scheduled by current cell, and 
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 is the carrier indicator field value.
The E-PDCCH candidate locations of above two options are shown in figure 1 with following assumptions:

· 
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· Aggregation level: L=2

· Number of E-PDCCH candidates at aggregation level 2: 
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· Number of E-CCEs in EPDCCH-PRB-set 
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· Number of cells which can be cross-carrier scheduled: 
[image: image18.wmf]2

cell

N

=



[image: image19.emf]0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0

CI

n



m=0 m=1 m=2 m=3

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1

CI

n



m=0 m=1 m=2 m=3

b) Cross carrier scheduling with option 1
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Figure 1: E-PDCCH candidate location for option 1 and option 2
For option 1, if 
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 is an integer, the search space for cell 0 will be fully-overlapped with cell 1, as shown in figure 1-b). For option 2, the E-PDCCH candidates 2 and 3 are fully-overlapped with E-PDCCH candidates 0 and 1 in both cell 0 and cell 1, as shown in figure 1-c). It is primarily due to the fact that 
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 will enlarge the E-CCE spacing between two contiguous E-PDCCH candidates. And this will degrade the frequency selective scheduling gain with fewer E-PDCCH candidate locations. Therefore, both option 1 and option 2 are not optimal for cross carrier scheduling in localized E-PDCCH.

Another option for cross-carrier scheduling in localized E-PDCCH is shown as following:

· Option 3: 
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Wherein, 
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 is the carrier indicator field value which is same as ServCellIndex given by higher layer signaling, otherwise 
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 is set to 0.
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Figure 2: E-PDCCH candidate location for option 3

The E-PDCCH candidate locations in option 3 are shown in figure 2 with the same assumptions as in figure 1, it is obvious that the option 3 is better than option 1 and option 2. Therefore, we propose that option 3 is used for cross carrier scheduling in localized E-PDCCH.
Proposal 1: The search space equation for localized E-PDCCH is defined as following equation.
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· In case of cross-carrier scheduling, 
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 is the carrier indicator field value which is same as ServCellIndex given by higher layer signaling.

· In case of self-contain scheduling, 
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 is set to 0.
2.2. Search space equation for distributed E-PDCCH

In search space equation for distributed E-PDCCH, the main concerns are the blocking issues between localized and distributed E-PDCCH when localized and distributed E-PDCCHs are multiplexed in the same PRB pairs. These E-PDCCH blocking scenarios are categorized as following:

· Case 1: an UE is configured with two E-PDCCH set, one is localized E-PDCCH set and another is distributed E-PDCCH set, and localized and distributed E-PDCCH sets are multiplexed in the same PRB pairs
In this case, in most cases, only 1 distributed E-PDCCH candidate is monitored by UE, as shown in [1]. Therefore, alternating the E-REG group for two contiguous distributed E-PDCCH candidates is unnecessary. 

· Case 2: one UE is configured in localized transmission with one localized E-PDCCH set and another UE is configured in distributed transmission with one distributed E-PDCCH set. These two E-PDCCH sets share the same PRB pairs.

In this case, several distributed E-PDCCH candidates are monitored by UE, as shown in [1], alternating the E-REG group for two distributed E-PDCCH candidates can be beneficial for the E-PDCCH blocking issue. However, a distributed E-PDCCH candidate with aggregation level 1 can always block 4 localized E-PDCCH candidates with aggregation level 1 whichever search space equation is used. From the system aspect, if large numbers of UE share the same set of PRB pairs for E-PDCCH transmission, it is optimum to configure the set of PRB pairs to either localized or distributed transmission. If less numbers of UE share the same set of PRB pairs, the E-PDCCH blocking between localized and distributed candidates will be alleviated by different Yk and fallback operation with higher aggregation levels. Therefore, the optimization of alternating E-REG group between two contiguous distributed E-PDCCH candidates is minor and unnecessary. 
Based on the above discussion, we propose to reuse Rel-10 search space equation for distributed E-PDCCH.
Proposal 2: Rel-10 search space equation is reused for distributed E-PDCCH search space.

2.3. Definition of Yk per EPDCCH set
There are four options to define the different Yk in two E-PDCCH sets in the email discussion after RAN1 #71 meeting:
· Option 1: 
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· Option 2: 
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· Option 3: 
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, where offset is a fixed value.

· Option 4: 
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, where P is the E-PDCCH set index, and 
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For option 1, companies raise the issues for the C-RNTI wastage, however, C-RNTI allocated for a UE is ranged from 0001 to FFF3, the scheduler can ensure the C-RNTI+1 is not used by other UEs with such large range. So, the impact is minor.  

For option 3, the exact value of offset needs further investigation.  

We have no strong opinion on this topic, a simple approach is preferable.  Therefore, we slightly prefer option 1 and option 2.
3. Conclusions

In this contribution, we share our views on the remaining issues for E-PDCCH search space, particularly, we have following proposals:

Proposal 1: The search space equation for localized E-PDCCH is defined as following equation.
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· In case of cross-carrier scheduling, 
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 is the carrier indicator field value which is same as ServCellIndex given by higher layer signaling.

· In case of self-contain scheduling, 
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 is set to 0.
Proposal 2: Rel-10 search space equation is reused for distributed E-PDCCH search space.
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