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1 Introduction
In RAN1#58, it was agreed to support cross-carrier assignment with a carrier indicator. In this document, we first discuss the carrier indicator field size. Then we discuss the issue of DCI payload size difference between the CCs and the impact on cross-carrier scheduling. As pointed out in [1][2], when the configured DCI payload sizes for different CCs for a UE are different due to the difference in BW or the transmission mode, UE may need to monitor more DCI payload sizes on each CC than the one for single CC case. This causes increase in blind decoding attempts. Therefore, the blind decoding reduction schemes in cross-carrier operation are discussed. 
2 Carrier indicator field size
Two options for the size of carrier indicator field (CIF) could be considered. 

· Fixed CIF size (N bits) 

· Variable CIF size depending on the number of component carriers (CCs) configured to the UE

Although a fixed CIF size increases the overhead for the case when less than 2N CCs are configured for an UE, the DCI design and UE implementation are simplified. In case of a variable CIF size, significantly more DCI payload sizes have to be handled. Furthermore, padding procedure to avoid same size as DCI format 0/1A and to avoid ambiguity of CCE aggregation size in UE blind decoding would make the design more complicated. Thus, a variable CIF size would cause eNB and UE complexity. 
Therefore, we prefer a fixed CIF size. If carrier aggregation with more than 2N CCs is supported, the CC indices which can be indicated from a CC are limited to 2N. We think full flexibility of pointing the component carriers would not be required. Since we think most UEs would support only a limited carrier aggregation capability, the system should be optimized for an operation with limited cross-carrier indication capability. Therefore, a smaller N (N=1 or 2) would be enough for the majority of the cases. We suggest N=1 or 2 for the fixed CIF size. 
3 Handling of different DCI sizes between CCs
 When cross carrier indication is enabled, a UE monitors two (or more) DCI payload sizes with CIF (e.g. DCI format 0/1A and 2) if DCI sizes for the configured CCs are same. 
However, the DCI sizes to be monitored by a UE may be different for different CCs for the following reasons.  
· Bandwidth of component carriers can be different.
· Transmission modes for a UE for each component carrier may be different because channel and interference condition may be different for each component carrier e.g. in heterogeneous deployment. 

When the DCI payload sizes are different for PDCCHs targeting different CCs, UE will have to monitor more DCI payload sizes on a component carrier as shown in Figure 1. If search spaces for each DCI format assigning a CC are located on all CCs, the total number of blind decoding increases significantly. 
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Figure 1: Cross-carrier indication with different DCI sizes

A few solutions to reduce the blind decoding could be considered as discussed in [1]

 REF _Ref244704126 \n \h 
[2]. The solutions are elaborated below. 
· Option1:  Define a one–to‑one CC mapping between the CC transmitting the PDCCH and the corresponding CC with PDSCH transmission (i.e. the UE blind decoding resource budget moves between CCs)  
From the perspective of the CC carrying PDSCH transmission, there exists only one CC transmitting the corresponding PDCCH. The CC transmitting the PDCCH could be the same CC carrying PDSCH transmission (=Rel’8) or it could be another CC using a CIF. 
In case of cross-carrier indication, the eNB configures the respective CC on which PDCCH for each CC carrying PDSCH is transmitted.  In the example shown in Figure 2, both PDCCHs which assign CC1 and CC2 are transmitted only on CC1. The UE monitors the DCI sizes of x and y only on CC1. Therefore, the total number of blind decodings does not increase compared to the operation without cross carrier indication. 
Search spaces on CC1 for the two payload sizes may be identical to the one for Rel8. However, in this case PDCCH blocking rate increases because multiple PDCCHs to assign different CCs have to be confined within Rel8 search space. Therefore, separate search spaces should also be considered. In this case, still the CIF may be required since separate search spaces may overlap due to limited CCE availability, e.g. in narrow bandwidth operation or for a small control region. 
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Figure 2: UE monitors only one CC for PDCCH assigning a CC (option 1)
· Option2: align the payload sizes (a) by padding or (b) by compressing RA field [2] 
In this option, the payload sizes for different CCs are aligned and UE monitors on both CCs only one payload size for PDCCHs assigning different CCs. This can be realized by padding (Figure 3) or by compressing RA field (Figure 4) [2]. 
In case of padding (option 2(a)), payload sizes are aligned to the largest one among configured CCs. Therefore, it causes unnecessary overhead increase. Furthermore, the number of padding bits depends on the CC bandwidth and transmission mode configured for the UE. This would cause the eNB and UE complexity. 
In case of RA field compression (option 2(b)), the payload sizes can be aligned to the one configured for the CC on which the PDCCHs are transmitted or even aligned to the smallest one among configured CCs. RA field compression could be done by allowing only limited bandwidth in the CC or using coarser granularity of RB allocation [2]. In both cases RA field compression would cause significant scheduler restriction and eNB/UE complexity. Moreover, the required number of bits to be compressed, i.e. the restriction on the resource allocation, depends on the difference of the bandwidths of different CCs or the difference of the DCI sizes for configured transmission modes. This could further cause eNB and UE complexity. 
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Figure 3: DCI size alignment by padding (option 2(a))
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Figure 4: DCI size alignment by RA field compression (option 2(b))
We prefer option 1 from the overhead and complexity point of view. 
4 Conclusion

In this contribution, the following aspects related to PDCCH operation with carrier indicator are discussed: 

· Carrier indicator field size 

· Blind decoding reduction scheme for cross-carrier indication if the DCI sizes are different between component carriers (CCs)

Our preference is as follows: 

· A fixed CIF size with 1 or 2 bits
· Define a one‑to‑one CC mapping between the CC transmitting the PDCCH and the corresponding CC with PDSCH transmission. From the perspective of the CC carrying PDSCH transmission, there exists only one CC transmitting the corresponding PDCCH.  The CC transmitting the PDCCH could be the same CC carrying PDSCH transmission (=Rel’8) or it could be other CC using CIF. Thus the UE blind decoding resource budget moves between the CCs in case of operating with cross carrier indication.
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