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1
Introduction
At the previous RAN1 meetings, it was decided that for LTE-A carrier aggregation (CA) search space design, the search spaces located on a PDCCH CC are individually defined per aggregation level for each PDSCH/PUSCH CC linked to the PDCCH CC, and a UE’s search spaces on a PDCCH CC are shared in case of the same DCI size. The same hashing function (offset between search spaces for different CCs is not a function of the subframe number) is also agreed with CC-specific offset. The offset is a function of (at least) CIF and no additional RRC parameters are signaled.
In this document, we address the further details related to the design of the offsets between the search spaces for different CCs and number of blind decodes.
2 
UE-Specific Search Space Design

In order to address the dimensional limitations and the increased scheduling blocking probability with cross-carrier scheduling, the LTE Rel-8 search space design is expanded for the CCs carrying cross-carrier control signalling. For a given UE, search spaces located on a PDCCH CC are individually defined per aggregation level for each PDSCH/PUSCH CC linked to the PDCCH CC, and a UE’s search spaces on a PDCCH CC are shared in case of the same DCI size.
In order to maximize the reuse of the LTE Rel-8 UE-specific search space design, for any CC carrying PDCCH, the starting CCE indices for all the aggregation levels in its own UE-specific search space follow the same LTE Rel-8 design. Further, a CC-specific offset is introduced for each additional CC in case of cross-carrier control. This is illustrated in Figure 1, where CC m carries PDCCH signalling for itself, CC j and CC k. The starting CCE indices for CC m are derived based on LTE Rel-8. The starting CCE indices for other CCs (j and k in the example) are specified via some offsets relative to those for CC m.
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Figure 1 Illustration of Expanded Search Space Design

The CC offset can be fixed per CC offset as follows:
· Starting CCE index of the nth carrier is given by CCEc, l + ∆l, n, where
· CCEc, l that is the starting CCE index of aggregation level l of the CC carrying its own PDCCH with UE-specific search space that follows the same LTE Rel-8 design (denoted as c here)
· ∆l, n is the offset (in units of CCEs) between the starting CCE index of aggregation level l for the nth carrier (n=0, 1, 2, …, N-1) and CCEc, l 
· n can correspond to the carrier indicator value (CIF)

· ∆l, n for aggregation level l could be an integer multiple of l for any n, or it could be ∆l, n = ∆ n, independent of the aggregation level, for any n
·  ∆l, n across different carriers could be an integer multiple of j(n), defined as 
∆l, n = j(n)*∆l,

 where
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Note that configuration of the additional CCs, decofiguration of CCs, or activation/deactivation of CCs does not affect the search space of the existing CCs.

· The special case is when ∆l, n = ∆n =j(n)∆, where only a single ∆ value needs to be specified
· Assuming that 
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 is the CC index within the configured CCs, the PDCCH decoding candidate 
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, carrier index n and candidate index m can be calculated as 
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where 
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 is the CCE index within a given PDCCH decoding candidate, 
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,  is the PDCCH decoding candidate index, and 
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 is the number of PDCCH candidates to monitor in the nth  CC’s search space.
3 
Simulation Results
Here we evaluate two design options on the fixed offset, namely,
· Option 1: ∆l   = {6, 12, 8, 16} for l={1, 2, 4, 8}, respectively.
· Option 2: ∆l  = 16.
A 10MHz system is assumed. Each UE has 2 CCs, and PDCCHs for both CCs come from one CC. It is assumed that there are 2 CRS ports, and Ng = 1 for PHICH. The percentage of CCE aggregation levels is assumed to [50%, 30%, 15%, 5%], for level 1, 2, and 4, respectively. For simplicity, it is assumed that the two PDCCHs for the two CCs of a UE always have the same aggregation level. Three control symbols are assumed. A PDCCH blocking is declared if among the PDCCH decoding candidates in the aggregation level, a collision-free PDCCH can not found. The UE is skipped from schedling if a PDCCH blocking is declared. The scheduling blocking decision is done independently for the two CCs of the UE. The values of CIF are chosen to be 1(i.e., j(n) = 1) and 2 (i.e., j(n) = 2). 

Figure 1 shows the simulation results when CIF=1. Three system loading conditions are considered: 5, 10 and 10 UEs. As can be seen, with CIF =1 (hence concatenated search spaces for option 1), option 1 performs slightly worse than option 2. However, with CIF=2, where the search spaces for the two CCs of the UE are no longer concatenated, option 1 indeeds perform better. We can observe:

· PDCCH blocking probability is fairly sensitive to the value of CIF
· Concatenated search spaces may perform slightly worse, but can be adjusted via the CIF value

·  The two options evaluated offer comparable performance under the appropriate CIF value
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Figure 2 PDCCH blocking probablity vs. System load, CIF=1 (left) and 2 (right)
4 
Number of Blind Decodes
RAN2 has not excluded the possibility to have a scenario where number of activated DL CCs is smaller than the number of configured UL CCs (activation/deactivation concept is not explicitly defined for UL CCs). Hence, RAN1 has to provision for the case where UL CC can be cross-scheduled from another CC although its SIB2-linked DL CC is deactivated when defining the number of blind decodes. The actual number of blind decodes is defined as

· 16 x (N_DLCC + max(N_ULCC, N_DLCC)) + 12 x N_DLCC for UE which is not configured with UL MIMO 

· N_DLCC = number of active DL CCs; N_ULCC = number of UL CCs that can be scheduled
· 16 x (N_DLCC + max(N_ULCC, N_DLCC)) + 12 x N_DLCC + Y x N_ULCC_M for UE which is configured UL MIMO 

· N_ULCC_M is the number of UL CCs which are configured for UL MIMO

· Y is one of 0 and 16.
5
Summary 
In this document, we addressed the remaining details on the UE specific search space design and number of blind decodes.
For a CC carrying cross-carrier PDCCH, search space of aggregation level l for CC n should be specified relative to the given CC c utilizing an offset ∆l, n  in the following form:

∆l, n  = j(n)*∆l , where
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where the value of n and c can based on CIF. Two options of  ∆l  are evaluated, namely, ∆l   = {6, 12, 8, 16} for l={1, 2, 4, 8}, respectively, and ∆l   = 16 (independent of aggregation level). Through simulations, it was shown that the two options offer similar performance, depending on the value of CIF. Further, it was observed that PDCCH blocking probability is fairly sensitive to the CIF value. 

If the number of activated DL CC can be smaller than the number of configured UL CCs that can be scheduled from activated DL CCs, the actual number of blind decodes is defined as

· 16 x (N_DLCC + max(N_ULCC, N_DLCC)) + 12 x N_DLCC for UE which is not configured with UL MIMO 

· N_DLCC = number of active DL CCs; N_ULCC = number of UL CCs that can be scheduled

· 16 x (N_DLCC + max(N_ULCC, N_DLCC)) + 12 x N_DLCC + Y x N_ULCC_M for UE which is configured UL MIMO 

· N_ULCC_M is the number of UL CCs which are configured for UL MIMO

· Y is one of 0 and 16.
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