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1
Introduction
In RAN1#59, it was decided that in LTE-A, cross-carrier DL and UL signalling is supported via a 3-bit carrier indicator field (CIF) embedded in PDCCH. The carrier indication is used to explicitly state for which carrier the assignment is intended.  Linkage between CC for DL control and CC for DL and UL data has been extensively discussed in the past several RAN1 meetings. Discussions on PDCCH search space design were also carried out recently. 
In this contribution, we focus on the advantages of modified option 1 defined in the linkage between CC for DL control and CC for DL and UL data, and show that a similar design philosophy is applicable to search space sharing on one CC.
2 Discussion
DL and UL assignments for each component carrier are based on DCI format(s) for single carrier with an additional carrier indicator field of 0 or 3 bits. When the 3-bit CIF is introduced, the CC for DL control and the corresponding CC for DL or UL data may be different, resulting in cross-carrier control signalling.
One open issue is regarding the linkage between CC for DL control and CC for DL and UL data. In particular, two options were discussed, as summarized in [1]:

· Option 1: 

· Each PDSCH/PUSCH CC can be scheduled only from a single DL CC, i.e. the UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC 

· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or 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 carrier aggregation scenario 

· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or 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 CIF

A modified option 1 was also proposed as:

· Modified option 1

· For each PDSCH/PUSCH CC, eNB configures a single CC to primarily carry the corresponding PDCCH.

· For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier. 

· For each PDSCH/PUSCH CC, PDCCH on the DL carrier with CIF where the UE monitors PDCCH (other than the configured single CC) shall be able to schedule the PDSCH/PUSCH only if the same DCI payload size is applied.

In RAN1#60bis, option 1 was agreed as the working assumption, while modified option 1 and option 2 will continue being discussed to consider cost/benefit of extending option 1. It was agreed in RAN1#60bis that the supported maximum number of blind decodes is X times the number of aggregated CCs supported by the UE.

The design philosophy of modified option 1 and option 2 is quite similar, i.e., increasing scheduling flexibility and control trunking efficiency by allowing the possibility of scheduling of PDSCH or PUSCH transmissions from different CCs, with little or no additional cost. Option 2 is a superset of modified option 1 removing the limitations of modified option 1 and taking advantage of the blind decode capability of a given UE categoryThe following table compares the cost/benefits of extending option 1.

Table 1 Cost/Benefits of Extending Option 1

	Design Options
	Benefits
	Cost

	Modified Option 1
	· Increased scheduling flexibility

· Increased control trunking efficiency
	· Compared with option 1, possible increased false alarm probability. However, the 3-bit CIF serves as virtual CRC resulting in reduced false alarm probability than Rel-8

· Note that no additional blind decodes are needed to support modified option 1

	Option 2
	· Same benefits as modified option 1

· Wider applicability than modified option 1 (not limited applicability to same DCI format sizes)
	· Possible increase in false alarm probability which can be alleviated by using the CIF field as a virtual CRC.
· Increased number of blind decodes compared with option 1 and modified option 1. However, the number of blind decodes is always subject to the agreed maximum value and hence to the UE capability.


Therefore, we propose to adopt modified option 1 or option 2 (potentially with some limitations). It would be up to the eNB to configure scheduling of a PDSCH/PUSCH on a CC – from only one CC (option 1) or from more than one CC (modified option 1/option 2). 
In RAN1#60bis, search space design for the case of cross-carrier scheduling was discussed. The following was summarized for further discussion:
· 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
The last discussion point is regarding sharing search spaces in case of same DCI size. This is for the same benefit of increased scheduling flexbility without increasing the number of blind decodes, as in the case of modified option 1. The only difference is that while modified option 1 allows sharing search spaces on different CCs, sharing search space in case of cross-carrier signalling refers to the same CC. This is illustrated in Figure 1.
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Figure 1 Comparison of modified option 1 and search space sharing in case of cross-carrier signalling
Similarly, we propose to adopt search space sharing in the case of cross-carrier signalling as well.
3
Summary 
In this document we further discussed modified option 1 and option 2 defining the linkage between for DL control and CC for DL and UL data, and provided the cost/benefit analysis. 
In addition, we showed the similarity of modified option 1 and search space sharing for the same DCI size in case of cross-carrier signalling. 
Both schemes bring the benefit of increased scheduling flexbility at no additional cost. 
Therefore, we propose to adopt search space sharing regardless of whether the search spaces are located on the same CC or different CCs.
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