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1. Introduction

At the RAN1#60 meeting, blind decoding [1] – [4] and UE-specific search space (SS) design [5] – [7] were discussed. At the RAN1#60bis meeting, the followings are agreed as the starting point for UE-specific SS for cross-carrier scheduling.

· Total search space size is extended beyond Rel-8 size

· 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 

· The search spaces on the PDCCH CC could be overlapped, consecutive or separate 

· “Overlapped” includes cases where the search spaces can sometimes fully overlap due to the randomization of PDCCH

· FFS whether a UE’s search spaces can be shared in case of same DCI size 

· Other details of how to define the search spaces are FFS

This contribution describes our views on the UE-specific SS design for carrier aggregation.
2. UE-Specific SS
2.1. Definition of Individual and Shared SS Location / Blind Decoding
In order to discuss SSs clearly, we first define the SS location and blind decoding. In the discussion, the UE-specific SSs of CC0 and CC1 are collocated in the PDCCH in CC0.
· Location: 
· “Same location” is defined as the case when the UE-specific SS of CC1 is completely the same as that of CC0, i.e., using the same hashing function to derive the starting position of the control channel element (CCE) index as shown in Fig. 1(a).
· “Individual location” is defined as the case when the starting position of the UE-specific SS  is individually derived for CC0 and CC1, i.e., using either the same hashing function with shifting of starting position or a different hashing function to derive the starting position of the CCE index as shown in Fig. 1(b) [8]. However, even in the case of an individual location, overlapping may occur due to the output of the hashing function or small control format indicator (CFI) value in a specific subframe, and we regard this case as an individual location. 
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(a) Same location                                        (b) Individual location
Figure 1 – Definition of SS location

· Blind decoding: 

· “Independent blind decoding” is defined as the case when downlink control information (DCI) for different CCs is independently decoded. Therefore, DCI assignment for CC1 cannot be allowed in the SS for CC0 as shown in Fig. 2(a). 
· “Shared blind decoding” is defined as the case when the SS for blind decoding is shared among different CCs. Therefore, DCI assignment for CC1 is allowed in the SS for CC0 as shown in Fig. 2(b). In this paper, although we use the terminology “shared blind decoding” this meaning is equivalent to that of “shared search space” used in [8].
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(a) Independent blind decoding
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Figure 2 – Definition of blind decoding
2.2. UE-Specific SS Design

At the RAN1#60bis meeting, it is agreed upon as a starting point that SSs located on a PDCCH CC are individually defined per aggregation level for each PDSCH/PUSCH CC linked to the PDCCH CC. We consider this point seems reasonable to start designing the UE-specific SS, and hence we discuss an individual location case only. We discuss the SS design from the viewpoint of the size of DCI, since it affects the number of blind decodes. 
· Different DCI size

We first discuss the case when the sizes of the DCI on two CCs are different, i.e., different bandwidth and/or different transmission mode. Based on discussion in Section 2.1, we consider two types of blind decodes for individual location as shown in Fig. 3. 
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Figure 3 – Blind decoding for individual location
· The scheme with independent blind decoding in Fig.3 (a) does not increase the PDCCH blocking probability and the number of blind decodes compared to that without the CIF.
· The scheme with shared blind decoding in Fig.3 (b) reduces the PDCCH blocking probability. However, this method has the following demerits.
· If the DCI for CC0 and CC1 is blindly decoded separately, the maximum number of blind decodes is doubled compared to that without the CIF. 
· If the DCI for CC0 and CC1 is blindly decoded jointly, it requires bit alignment between the sets of DCI. This is done by using padding bits or compressing the resource block (RB) assignment field [9]. Therefore, when the padding bit is used, the DCI overhead is increased. Otherwise, the RB assignment field is compressed, but this reduces the frequency scheduling gain.

Therefore, this is not suitable for different DCI size.
Based on the discussion above, the scheme with independent blind decoding for individual location as shown in Fig. 3(a) is the most appropriate scheme for different DCI size.
· Same DCI size

Here we discuss the case when the sizes of the DCI in two CCs are the same, i.e., the same transmission bandwidth and same transmission mode. We assume that the size of DCI 0 is the same as that of DCI 1 in Fig. 3.
From the viewpoint of the number of blind decodes, there are no big differences between two schemes since the numbers of blind decodes for both schemes are equal to or less than the number of blind decodes without CIF. However, from the viewpoint of the PDCCH blocking probability, the scheme with shared blind decoding is superior to the other two. Therefore, the scheme with shared blind decoding is the most appropriate for the same DCI size.
Based on the discussion on different and same DCI size, the following scheme is the most appropriate for the UE-specific SS.
· Shared blind decoding for the same DCI size, and independent blind decoding for different DCI size

· Furthermore, as discussed in [10], it is beneficial to define the UE-specific SS derived from primary CC (PCC) without CIF. 
Figure 4 shows one example of the proposed UE-specific SS structure.
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Figure 4 – Proposed UE-specific SS structure in CC0 (PCC)
3. Conclusion

This contribution described our views on blind decoding and UE-specific SS for carrier aggregation.
· UE-specific SS when the CIF is configured
· Individual locations for the same and different DCI size

· Shared blind decoding for the same DCI size, and independent blind decoding for different DCI size
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