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1. Introduction

In LTE-A, multiple DL/UL CC (Component Carrier) aggregation is considered to support higher data rate by exploiting wider bandwidth than Rel-8 LTE. Moreover, for more efficient scheduling of PDCCHs over aggregated DL CCs, cross-CC scheduling is also introduced by exploiting CIF (Carrier Indicator Field) within PDCCH. According to the agreement on the introduction of cross-CC scheduling by PDCCH in RAN1 #58 meeting[1], basically, the presence or not of the CIF is semi-statically configured by UE-specific manner. If the use of CIF is disabled, as in Rel-8 LTE, PDCCH on a DL CC only assigns PDSCH resources on the same DL CC and PUSCH resources on a single linked UL CC. On the other hand, if the CIF is enabled within PDCCH, PDCCH on a DL CC can assign PDSCH or PUSCH resources in one of multiple DL/UL CCs using the CIF. 
In this paper, we discuss on the PDCCH search spaces for cross-CC scheduling in multiple CC aggregation situations. Actually, we only focus on UE-dedicated PDCCH search space because cross-CC scheduling of UE-common PDCCH is still remained as FFS point. Considering both CIF-enabled/disabled cases, we suggest a baseline for construction of PDCCH search spaces in LTE-A. 
2. PDCCH search spaces for multiple CC aggregation
First of all, considering the case that cross-CC scheduling is not configured (i.e. CIF-disabled), similarly in Rel-8, PDCCH search space on a DL CC would be constructed for scheduling of both the same DL CC and its linked UL CC (in case that the DL CC is linked to a UL CC for the PUSCH scheduling), or the same DL CC only (in case of no linked UL CC for the PUSCH scheduling). Figure 1 shows an example of PDCCH search space construction for multiple CC aggregation in the CIF-disabled case. In this case, through PDCCH search space constructed for a DL CC, eNB can only transmit the PDCCH scheduling the same DL CC and/or its single linked UL CC, as in Rel-8. 
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Figure 1: An example of PDCCH search space construction for multiple CC aggregation

(CIF-disabled case)

In this example, for easy explanation, it is assumed that all DL/UL CCs have the same bandwidth but have independent DL transmission mode, and each DL/UL CC is configured with current DCI formats defined in Rel-8. However, bandwidths of DL/UL CCs can be different each other, and new DCI formats for DL/UL enhancement (e.g. DL 8Tx MIMO, CoMP, UL MIMO, UL non-contiguous grant, etc.) may be additionally defined. Anyhow, main principle of PDCCH search space construction is not changed. 
Regarding the case that cross-CC scheduling is configured by exploiting the CIF within PDCCH (i.e. CIF-enabled), entire PDCCH search space on a DL CC where the UE is configured to monitor PDCCH (i.e. PDCCH monitoring DL CC) would be constructed for scheduling of the CCs which are configured to be able to be scheduled from the DL CC (i.e. scheduled CC set). Figure 2 shows an example of PDCCH search space construction for multiple CC aggregation in the CIF-enabled case. More specifically, entire search space is composed of one or multiple CC-specific search spaces, each of which is individually constructed for scheduling of a linked DL/UL CC pair or a non-linked CC within the scheduled CC set, as in above CIF-disabled case. In this example, it is assumed that DL CC #1 is only configured for the UE to monitor PDCCH and DL/UL CC pairs #1, #2, #3 are configured as the scheduled CC set of DL CC #1. Here, each CC-specific search space can have independent starting point or all of them can be concatenated with a single starting point. 
In particular, as shown in the figure, in case of the DCI formats having the same size, they can share their CC-specific search spaces. In other words, PDCCH carrying these DCIs of the same size can be possibly transmitted through any PDCCH candidates within the shared (i.e. expanded) search space which consists of their CC-specific search spaces. As a result, PDCCH scheduling for the same size DCIs can be more flexible while the number of BDs (blind decodings) for these DCIs does not increase. Besides, to limit the total number of BDs, reduction of their expanded search space can be considered further.  
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Figure 2: An example of PDCCH search space construction for multiple CC aggregation

(CIF-enabled case)

Based on the approach above, it can be considered that size of each CC-specific search space is equally or differently determined by considering the maximum number of PDCCHs which can be possibly transmitted through its search space. Moreover, for more flexible scheduling and further BD reduction, some DCI formats with different sizes (desirably, size difference may be small) can be unified into one size by bit padding [2]. In addition, regarding a DL CC capable of cross-CC scheduling, it is also possible that the search spaces for other CC are relatively reduced than its own search space.

3. Summary
We discussed and suggested on construction of the PDCCH search spaces for multiple CC aggregation by considering both cases of activation/deactivation on cross-CC scheduling (CIF-enabled/disabled). 

Finally, we suggest a baseline for this issue:

· CIF-disabled case
· Suggestion #1: PDCCH search space on each DL CC is constructed for scheduling of both the same DL CC and its linked UL CC (in case that the DL CC is linked to a UL CC for the PUSCH scheduling) or the same DL CC only (in case of no linked UL CC for the PUSCH scheduling). 
· CIF-enabled case
· Suggestion #1: PDCCH search space on a DL CC where the UE is configured to monitor PDCCH is composed of one or multiple CC-specific search spaces. Each CC-specific search space is individually constructed for scheduling of a linked DL/UL CC pair or a non-linked CC within the CC set which is configured to be able to be scheduled from the DL CC.
· Suggestion #2: In case of the DCI formats having the same size, they can share their CC-specific search spaces.
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