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1 Introduction
In the last RAN1 meeting in Korea, a UE-specific “PDCCH Monitoring Set” in conjunction with the support for cross-carrier scheduling has been defined in [1]. The PDCCH monitoring set has the following attributes:
· a set of DL CCs on which the UE is required to monitor the PDCCH 

· size is less than or equal to the size of the UE DL CC set and comprises only CCs that are in the UE DL CC set

· updating of PDCCH Monitoring Set (how dynamic) requires further study

Beside, the possible usage of CIF (Carrier indicator field) for cross-carrier scheduling has been detailed in [2]. However, some remaining issues of CIF and blind decoding still need to be discussed. In this contribution, we provide our views on these issues. 
2 PDCCH blind decoding
When cross-carrier scheduling is not enabled, UE still need to perform blind decoding on each DL CC assigned in case of high date rate. For UE capable of multiple PDSCH reception, according to the analysis in [3]
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 \* MERGEFORMAT [4], the cost of convolutional coding is far smaller than that of Turbo coding, it’s reasonable to expect that the UE is capable for simultaneous BD on DL carriers assigned. Therefore, when a UE is scheduled on N carriers, N times BD number per carrier should be considered as a baseline of allowed total BD number. As a natural extension,UE should support the same level of blind decoding when cross-carrier scheduling is enabled. Considering the possible new DCI format for the UL SU-MIMO or other LTE-A features, the BD number per carrier may be defined as 44+16*K, where K is the number of new DCI format size. Because larger BD number will cause larger probability for false CRC passing, the BD number per carrier with 60 should be a good starting point for LTE-A system.
When cross-carrier scheduling is enabled, UE is informed by eNB semi-statically about the PDCCH monitoring set and corresponding DCI formats needed to be monitored on each carrier of the PDCCH monitoring set. If the number of carriers in the DL component carrier set is equal to M, we would notice that UE has the ability to have M times the size of Rel-8 PDCCH search space. It means that the number of blind decoding for each CC in the PDCCH monitoring set can be increased compared to the BD number in Rel-8 while the cross-CC scheduling is enabled and the number of CC in the PDCCH monitoring set is smaller than the number of CC in the DL CC set. It will reduce the PDCCH block probability anyway. 
Alougth the number of DCI formats can be blinded deteted for LTE-A has not been concluded,, the  total blind detection can be defined as M*( 44+16*K ).
3 Carrier Indicator Field Issues
3.1  Applicability of CIF to DCI formats
Carrier indicator field should be applicable for those DCI formats which are used for UE-specific assignments for cross-CC scheduling, for example, DCI format 0, 1, 1A, 1B, 1D, 2, and 2A. Since the DCI format 1C, 3 and 3A are only located in the common search space, considering the backward compatibility with Rel-8, the CIF should not be added to these DCI formats. However, DCI format 1A and 0 are also used for the common search space. Thus, DCI format 1A/0 with CIF would lead to backward compatibility problem and potential DCI format 3/3A size problem when the cross-carrier scheduling is configured. Two possible solutions are below [6]:
· Option 1

DCI format 0/1A without CIF corresponding to the exact monitored carrier and the default linked UL carrier may be scheduled in common search space, but DCI format 0/1A with CIF can be scheduled in the UE-specific search space. This will bring a little complexity because eNB has to choose the right Format (w/o or with CI) according to the search place where the PDCCH transmitted.
· Option 2
DCI format 0/1A with CI may be scheduled in common search space. Extra blind decoding attempt (e.g. 6 attempts) is needed and PDCCH false alarm probability may increase. Furthermore, as we discussed above, the backward compatibility problem and DCI format 3/3A size problem should be considered. 
From the above analysis, option 1 is slightly preferable.

3.2  CIF Interpretation
Since the CI value has been defined to tell UE exactly which carrier the corresponding PDSCH/PUSCH belongs to, a common understanding of the CIF between the eNB and the UE is necessary. The mapping between CI value and corresponding carrier can be signaled by dedicated RRC signaling or can be implicitly obtained (i.e. the CI value is equal to the carrier index). There are two options for CIF interpretation:
· Option 1: Cell-specific CIF interpretation
From the perspective of eNB, for a given carrier, it will be a little simpler that for any UE, the same CI value will be used no matter which carrier upon that the corresponding PDCCH is transmitted. Thus, each carrier has the same CI value in a specific cell.
· Option 2: UE-specific CIF interpretation
From the perspective of UE, CI value can be interpreted according to the CC configuration for each UE. Thus, each carrier may have different CI value for each UE in a specific cell. UE specific mapping between CIF and the CCs in UE PDCCH monitoring set may cause the unnecessary system complexity.
Because cell-specific CIF interpretation has simpler implementation for eNB, it should be considered as the baseline for CIF interpretation. However, UE-specific CIF interpretation might be reconsidered for further CC configuration or DCI format design. 
3.3  Cross-CC Scheduling with CIF
According to the way forward on PDCCH for bandwidth extension in LTE-A [7], cross-CC scheduling with CIF has been agreed to enable the PDCCH on a CC to assign PDSCH/PUSCH resource on one of multiple CCs. However, DCI formats with different bandwidths or DCI formats in the different transmission modes will have different size. This may cause the dramatic increase of BD number in the cross-CC scheduling operation. Cross-CC scheduling is a well possible way to deal with ICIC in the heterogeneous networks system. If aggregating component carriers with different bandwidth is a necessary scenario in the heterogeneous networks system, the cross-CC scheduling between carriers with different bandwidth needs to be considered at all. 
Cross-CC scheduling between carriers of PDCCH monitoring set may restrict the dramatic rise of blind decoding number. However, the cross-carrier scheduling between carriers with different bandwidths and/or different transmission modes would affect the number of BD. Some possible optimization designs can be considered, such as：

· Introducing new physical channel to inform the UE about the DCI format before CC decoding

·   An example is illustrated in [5].By decoding a FI (format indicator) channel interleaved with the corresponding CCE(s); UE could reject other hypothetic DCI formats before exact CC decoding. This method could reduce BD number effectively, and possibly could enlarge the search space to mitigate the PDCCH blocking probability, for a given total BD number. This solution would incur additional overhead and DCI coverage loss. Besides, backwards compatibility and complexity should be considered.

· Unifying different DCI formats to several common DCI sizes

·   One possible solution is to define several (e.g. 3~4) common DCI sizes for all DCI formats (under all of system bandwidths). Common DCI should include a carrier indicator field and possible a format indicator field which is used to inform UE about the exact DCI format when multiple DCI formats conveyed in the same DCI size. When cross-carrier scheduling is enabled, UE is informed by eNB through RRC signaling about the PDCCH subset and corresponding common DCIs needed to be monitored on each carrier of the PDCCH subset. This solution would incur additional overhead due to possible padding bits and DCI coverage loss.
·   Another possible solution is similar to the first one except the encapsulation of all DCI formats should be under the same system bandwidth.

As discussed in the section 2, if the number of CC in the PDCCH monitoring set is equal to one, this CC has ability to have BD number with N*M, where M is the number of CC in the DL CC set, and N is the BD number of each CC without cross-CC scheduling. For this special case, the CC in the PDCCH monitoring set may have M search spaces that correspond to the CCs in the DL CC set. Then, the PDCCH blind decoding for each CC in the DL CC set can be operated in their own search space when the cross-CC scheduling is under operation, no matter those CCs have different bandwidth or different transmission mode. Therefore, the increasing of BD number in the cross-CC scheduling between carriers with different bandwidth or different transmission mode should not to be a problem in this special case. This method can be extended to cases of PDCCH monitoring set > 1, as long as no 2 PDCCH CC point to 1 CC.
When LTA-A allows more than 1 PDCCH CC point to 1 CC, the blind decoding could be quiet high and special method need to be used. However, the benefit of this Many-to-1 scheduling should be validated first.
3.4  PDCCH Monitoring Set
PDCCH monitoring set is a set of DL CCs on which the UE is required to monitor the PDCCH [1]. When the size of PDCCH monitoring set is not equal to the size of DL CC set, the transmission of the SI in the carriers that are not in the PDCCH monitoring set but still in the DL CC set should be determined clearly. Either it can be signaled by UE dedicated RRC signaling or using cross-CC scheduling method needs further study. 
4 Conclusion

In this contribution we provide our views on some issues for PDCCH blind decoding and carrier indicator field design. It can be summarized as follows:
· N(TDB) times BD number per carrier should be considered as a baseline of allowed total BD number, no matter cross-carrier scheduling is enabled or not. Total BD number should be scalable with the number of supported DL carrier. 
· The BD number of each CC in the PDCCH monitoring set can be increased when the size of PDCCH monitoring set is smaller than the DL CC set. 
· The design of reducing blind decoding number needs FFS. It can be considered at Work Item stage.
· CIF should not apply to the PDCCH DCI formats which are located in the common search space. 
· Cell-specific CIF interpretation should be considered as the baseline for CIF interpretation.
· If the PDCCH monitoring set only allow 1 PDCCH CC point a CC, the increasing of BD number in the cross-CC scheduling between carriers with different bandwidth or different transmission mode should not to be a problem. Otherwise, cross-CC scheduling between CCs with different bandwidth or different transmission mode need much effort. 
· The transmission of SI in the carriers that are in the DL CC set but not in the PDCCH monitoring set needs FFS. 
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