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1. Introduction

In the e-mail discussion after the RAN1#59bis meeting, the following was agreed for the PCFICH for cross-carrier assignment.
· In the case of cross carrier scheduling, a standardized solution will be supported to provide CFI to the UE for the carriers on which the PDSCH is assigned. Details are FFS.
This contribution describes our views on the standardized solution for the PCFICH for cross-carrier assignment.
2. Current Agreement on Carrier Indicator Field Structure

At the RAN1#59 meeting, further details on the structure of the carrier indicator field (CIF) were agreed upon, such as the fixed number of three bits in order to avoid ambiguity in the control channel element (CCE) aggregation size in UE blind decoding [1] – [8]. Since the CIF size is fixed at three bits, in actual scenarios where less than eight CCs are aggregated, some fields are unused. For example, when the number of available CCs is two, six statuses are not used.
3. Joint Coding of Carrier Indicator and Control Format Indicator
The main proposals for the standardized solution discussed at the #58bis meeting are given in Table 1. 
Table 1 – Proposals for standardized solution
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Among the proposals, the support of explicit signaling seems desirable to perform the flexible cross-carrier assignment. However, a demerit to the explicit signaling is the additional signaling overhead. Joint coding of the carrier indicator (CI) and control format indicator (CFI) to generate a three-bit CIF is effective in avoiding the additional signaling since there are unused bits in the CIF in an actual scenario as discussed in Section 2. The demerit of the scheme, nevertheless, is limited to only the case when a larger number of CCs is configured. Therefore, we propose employing the semi-static CFI value for a larger number of CCs, in addition to the explicit signaling. The proposed methods are explained below.
· Method 1: Employ semi-static CFI value when a larger number of CCs is configured
In this method, the CFI value is semi-statistically controlled when a larger number of CCs is configured. Therefore, RRC signaling is used to send the CFI value to the UE. One example of this scheme is shown in Table 2. In the table, “CCn” (n = 0,1,2,3,4) indicates the CC index shift value to where the PDSCH is mapped. Furthermore, “CFI = N” indicates that the CFI follows the CFI value transmitted via the RRC signaling, except for the case without cross-carrier scheduling. In the table, in order to avoid misinterpretation of the CFI value when the number of available CCs is changed, we set the interpretation of the CFI value to be unchanged between consecutive available CC numbers as much as possible. 
Table 2 – Example of Method 1
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Figure 1(a) shows one example when the number of available CCs is two, where the CIF of 000 indicates component carrier index 0 (CFI follows PCFICH in CC0, since the cross-carrier scheduling is not employed), and the CIF of 001 indicates component carrier index 1 and its CFI value of 1. Furthermore, Fig. 1(b) shows another example when the number of available CCs is four, where the CIF of 000 indicates component carrier index 0 (CFI follows PCFICH in CC0, since the cross-carrier scheduling is not employed), and the CIF of 111 indicates component carrier index 3 and its CFI value of N = 3, which is semi-statically controlled by RRC signaling.
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(a) Number of available CCs is two
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(b) Number of available CC is four

Figure 1 – Example of Method 1
Since this method employs the RRC signaling when the available number of CCs is large, this method is an extension of the “semi-static CFI value” or a combination of “explicit signaling” and the “semi-static CFI value.”
· Method 2: Employ RRC signaling to configure CIF mapping
In order to overcome the demerit of Method 1, i.e., only the semi-static CFI value is used when the available number of CCs is large, the CIF table is configured via RRC signaling [9]. Table 3 shows one example, where two CFI values, N1 and N2, are signaled via RRC signaling. By using this table, the dynamic signaling of the CFI value is possible for N1 and N2. Additional RRC signaling can allow more flexible CIF mapping.
Table 3 – Example of Method 2
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4. Conclusion

This contribution described our views on the PCFICH for cross-carrier assignment and proposed the joint coding of the CI and CFI to generate a three-bit CIF. In the contribution, two methods are proposed.
· Method 1 employs the semi-static CFI value when a larger number of CCs is configured. Therefore, this method is an extension of the “semi-static CFI value” or combination of “explicit signaling” and the “semi-static CFI value.”
· Method 2 employs RRC signaling to configure CIF mapping. At the expense of additional RRC signaling, more dynamic signaling of the CFI value compared to that for Method 1 is possible.
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