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1. Introduction

At the RAN1#59bis meeting, a way forward was proposed [1] regarding details of the carrier indicator field (CIF) and the following points were agreed upon.

· CIF mapping to component carriers (CCs):
· The mapping from carrier indicator (CI) values to CCs for each CC enabling CIF is UE specific

· CI to CC mapping is configured by RRC

· At least one carrier should operate during reconfiguration of the CI-to-CC mapping
·  Inclusion of CIF in DCI formats:

· DCI formats do not have CIF when CRC is scrambled by P-RNTI, RA-RNTI or TC-RNTI
After the RAN1#59bis meeting, the remaining issues described in [1] are currently being discussed in the e-mail reflector. This contribution describes our views on PDCCH blind decoding for carrier aggregation.
2. Upper Limit of Blind Decoding
Before discussing the CIF structure, this section discusses the upper limit of blind decoding based on the case without CIF. 
In Rel. 8, two different DCI sizes are blindly decoded. One DCI size is used for the downlink assignment, and this DCI size depends on the downlink transmission mode configured by the RRC signaling. The other DCI size is used for the uplink assignment and downlink compact assignment, and this DCI size is fixed since only one transmission mode is supported in the Rel. 8 uplink. Since new features such as non-contiguous resource allocation and uplink SU-MIMO are introduced in Rel.10, the necessity for a new DCI format including additional blind decoding for the uplink is under discussion [2] – [6]. Therefore, in this contribution, we only discuss blind decoding for the DCI size for the downlink assignment, although the same principle can be applied to the uplink.
Figure 1 shows the case without a CIF. As shown in the figure, the UEs with the capability of receiving the PDSCH of Ncc CCs must have the capability of receiving the PDCCH of Ncc CCs for downlink assignment. 
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Figure 1 – Case without CIF
3. Details for CIF
As discussed in Section 2, the upper limit for blind decoding for the downlink assignment should be determined by the UE capability in proportion to the number of downlink CC receptions. Based on the upper limit of the blind decoding, this section describes the CIF structure.
3.1. Linkage between PDSCH/PUSCH and PDCCH

The following two options are discussed for linkage between the PDSCH/PUSCH and the PDCCH.
· Option 1: Each PDSCH/PUSCH CC can be scheduled only from a single DL CC, i.e., the UE only monitors the PDCCH on one DL CC for each PDSCH/PUSCH CC

· For any DL carrier with a CIF where the UE monitors the PDCCH, the PDCCH on the DL carrier shall be able to schedule the PDSCH at least on the same carrier and/or the PUSCH on a linked UL carrier.
· Option 2: Support scheduling a PDSCH/PUSCH CC from more than one DL CC

· For a given UE, each PDSCH/PUSCH CC can be scheduled only from a single DL CC in a given subframe in a carrier aggregation scenario.
· For any DL carrier with a CIF where the UE monitors the PDCCH, the PDCCH on the DL carrier shall be able to schedule the PDSCH at least on the same carrier and/or the PUSCH on a linked UL carrier.
· This shall not increase the number of PDCCH blind decodes and or the PDCCH CRC false detection rate compared to a system not having a CIF. 
Since the difference between the two options comes from the downlink control information (DCI) sizes, we will discuss the cases of the same DCI size and different DCI sizes, separately. 
· Same DCI size
If the DCI size is the same between CCs, i.e., the same bandwidth and the same transmission mode, Option 2 does not increase the number of blind decodes as shown in Fig. 2. 
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Figure 2 – Same DCI size
Although the PDCCH blocking probability in Option 2 is decreased compared to that in Option 1, if we define a larger SS in CC0 as shown in Fig. 3, the PDCCH blocking probability becomes the same as Option 1.  The other possible merit of Option 2 seems to be balanced PDCCH capacity, which is FFS. 
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Figure 3 – Enlarged UE-specific search space
· Different DCI sizes
If the DCI size is different between CCs, allowing Option 2 will increase the number of blind decodes compared to that discussed in Section 2 as shown in Fig. 4. In the example, in order to detect blindly DCI sizes A and B, the number of blind decodes becomes twice as large as that in Option 1.
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Figure 4 – Different DCI size

In order to reduce the number of blind decodes, the different DCI sizes are aligned by using padding bits or compressing the RB assignment field to generate a common blind decode [7] as shown in Fig. 5. However, when the padding bit is used, the PDCCH overhead is increased. On the other hand, when the RB assignment field is compressed, the frequency scheduling gain is reduced. Therefore, supporting Option 2 with different DCI sizes is not appropriate.
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Figure 5 – Aligning DCI size by padding or compressing RB assignment field
Based on the discussion above, we currently prefer Option 1. Furthermore, in order to reduce the PDCCH blocking probability in Option 1, it should be possible to increase the UE-specific SS size, although the total UE-specific SS size should be equal to or less than the number of blind decodes discussed in Section 2. 
3.2. Cross carrier scheduling for DCI formats in UE-specific search space
The cross carrier scheduling for DCI formats in the UE-specific search space is also discussed. On the topic, since it is important to keep one carrier operating during the configuration of the presence or absence of the CIF, it is beneficial to keep the Rel. 8 UE-specific search space without the CIF in at least one CC as shown in Fig. 6 [9].
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Figure 6 – Keeping UE-specific SS without CIF in one CC
4. Conclusion

This contribution described our views on the CIF and blind decoding for carrier aggregation.
· The upper limit for blind decoding for downlink assignment should be determined by the UE capability for the number of downlink CC receptions.

· Prefer Option 1 for linkage between PDSCH/PUSCH and PDCCH.

· Increase in the UE-specific search space size by defining a larger SS than that for Rel. 8 or defining multiple SSs should be supported.
· UE-specific SS without the CIF should be kept unchanged during CIF reconfiguration.
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