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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 introduction of cross-CC scheduling by PDCCH in RAN1 #58 meeting [1], first of all, the presence or not of the CIF is semi-statically enabled. If the use of CIF is disabled, similarly 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 by using the CIF. 
In addition, during RAN1 #59 meeting, a way forward for clarification of details on the CIF was agreed [2]. Contents of this way forward are summarized as below.
· Configuration for the presence of CIF is UE-specific 

· CIF (if configured) is a fixed 3-bit field

· CIF (if configured) location is fixed irrespective of DCI format size 

· Cross-carrier assignments can be configured both when the DCI formats have the same or different sizes

· Explicit CIF for the case of same DCI format size

· FFS whether the CIF is included or not in cases the DCI format sizes are different

· There will be an upper limit on the total number of blind decodes
Besides, the following issues are still remained as FFS points related to the CIF for cross-CC scheduling. 
· Which DCI format(s) can have CIF and which DCI format(s) can never have CIF and whether all CCs in a UE’s DL CC set carry CIF

· Upper limit on total number of blind decodes (e.g. Nx)
· Whether CIF to CC index mapping is UE-specific or cell-specific
In this paper, based on the agreed way forward, we discuss on CIF related issues for cross-CC scheduling in multiple CC aggregation. In particular, we mainly focus on CIF to CC index mapping method, and also discuss CC indexing by considering both DL/UL CCs.
2. CIF related issues for cross-CC scheduling
2-1. PDCCH monitoring DL CC set

In RAN1 #57bis meeting, introduction of UE-specific DL CC set has been already agreed. Regarding UE-specific UL CC set, we think it is general understanding that implicit/explicit assignment details are still FFS though UE-specific UL CC set is necessary. Here, UE-specific DL/UL CC set can be defined as the set of DL/UL CCs (configured by dedicated signalling or another manner) on which a UE may be scheduled to receive/transmit the PDSCH/PUSCH in the DL/UL. On the other hand, it was also concluded in RAN1 #57bis meeting that the need to define additional subsets for monitoring the PDCCH should be further discussed. 
There are two reasons why UE-specific PDCCH monitoring DL CC set on which a UE may detect/decode the PDCCHs for the DL assignment and UL grant is to be introduced. One of the reasons is for CC-level interference management especially in HetNet (Heterogeneous Network) deployment scenarios. In this situation, macro/femto UEs may experience severe interference in the DL CCs which is shared by femto/macro UEs so that robust reception of PDCCH on those DL CCs is difficult. This situation may happen cell-specific or UE-specific depending on the UE’s geometry and the macro/femto cell’s coverage. Thus, it seems desirable that PDCCH for scheduling the severely interfered DL CC and/or its linked UL CC is transmitted through other more reliable (i.e. less-interfered) DL CC (e.g. PDCCH monitoring DL CC), by the aid of the CIF. Another reason is to limit the number of BDs (Blind Decodes) in case of introducing the cross-CC scheduling. Without any configuration of the PDCCH monitoring DL CC set, total number of BDs may linearly increase in proportion to the number of DL CCs in UE-specific DL CC set because UE should perform BD on all DL CCs. Moreover, if the CIF is enabled, the number of BDs may be exceedingly increase further because UE should perform BD on a DL CC to search PDCCHs of all DL/UL CCs in the UE-specific DL/UL CC set. However, if the PDCCH monitoring DL CC set is UE-specifically configured, a UE can perform BD of all PDCCHs scheduled to it only on this set.
Suggestion: For CC-level interference management by the aid of the CIF in HetNet situation and to limit the number of BDs increased by introducing cross-CC scheduling, introduction of the UE-specific PDCCH monitoring DL CC set is necessary. 

2-2. Cell-specific or UE-specific CC indexing
Considering the CIF insertion into PDCCH for indication of the scheduled CC, whether CIF value to CC index mapping is cell-specific or UE-specific is also to be decided. Focusing on cross-CC scheduling of UE-dedicated DL assignment and UL grant (cross-CC scheduling on UE-common PDCCH is still FFS), there seems be no critical difference between cell-specific CIF and UE-specific CIF in aspect of eNB’s scheduling. On the other hand, regarding support of a large number of cell-deployed CCs, especially more than 8, it is obvious that cell-specific CIF is undesirable with current CIF size of fixed 3 bits. Thus, if cell deployments with more than 8 CCs are considered, UE-specific CIF seems to be desirable.
Suggestion: If cell deployments with more than 8 CCs are considered, UE-specific CIF seems to be desirable. 
2-3. CC indexing considering both DL/UL CCs

The CIF would be inserted not only in the DL assignment PDCCH but also in the UL grant PDCCH. Regarding CC index configuration considering both DL/UL CCs, the following three options can be considered.
· Opt 1: Independent indexing (Figure 1(a))
· UL CC index is independently configured from DL CC indexing (e.g. low center frequency first, etc.)
· Opt 2: Linkage dependent indexing (Figure 1(b))
· UL CC index is identically configured with index of the linked DL CC
· If DL/UL CC linkage is preconfigured, higher layer signaling for CC indexing may be reduced because UL CC index can be automatically configured. But, considering UL-heavy CC aggregation, there may be problem.
· Opt 3: Combined indexing (Figure 1(c))
· UL CC index is exclusively configured with DL CC index within 3 bits CIF
· Applying this indexing, DL/UL DCI format indication bit can be removed. But, considering the case that total number of DL/UL CCs aggregated for a UE is larger than 8, there may be problem.
Suggestion: CC indexing for both DL/UL CCs should be discussed considering further decisions on the DL/UL CC aggregation. 
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Figure 1: Examples of CIF to CC index configuration considering both DL/UL CCs
2-4. CC-specific CIF configuration

Based on the agreed way forward in RAN1 #59 meeting, in our understanding, the CIF would be enabled/disabled by UE-specific manner. However, there is no decision on whether the CIF can be also CC-specifically enabled/disabled or not for each UE. Thus, it is to be clarified whether the CC-specific configuration is needed or not.
Suggestion: Adding to the UE-specific CIF configuration, it is to be clarified whether the CC-specific configuration per UE is needed or not. 
3. Summary
We discuss on some issues related to the CIF including PDCCH monitoring DL CC set, and CC indexing and configuration of the CIF. 

Finally, we suggest on these issues:

· Suggestion #1: For CC-level interference management by the aid of the CIF in HetNet          situation and to limit the number of BDs increased by introducing cross-CC scheduling, introduction of the UE-specific PDCCH monitoring DL CC set is necessary.
· Suggestion #2: If cell deployments with more than 8 CCs are considered, UE-specific CIF seems to be desirable. 
· Suggestion #3: CC indexing for both DL/UL CCs should be discussed considering further decisions on the DL/UL CC aggregation.  
· Suggestion #4: Adding to the UE-specific CIF configuration, it is to be clarified whether the CC-specific configuration per UE is needed or not.
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