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1. Introduction

At the RAN1#60 meeting, linkage between the PDSCH/PUSCH and PDCCH was discussed for carrier aggregation. In this contribution, we present our views on the linkage between the PDSCH/PUSCH and PDCCH, i.e., Option 1 and Modified Option 1, for carrier aggregation.
2. Linkage Between PDSCH/PUSCH and PDCCH for Carrier Aggregation 
2.1. Definition of Option 1 and Modified Option 1

The following two options shown in Fig. 1 are discussed for linkage between the PDSCH/PUSCH and the PDCCH for carrier aggregation.

· Option 1: A UE only monitors the PDCCH on one DL CC for each PDSCH/PUSCH CC [1]
· For any DL carrier with a carrier indicator field (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. 

· Modified Option 1: Support for scheduling of a PDSCH/PUSCH CC from more than one DL CC [1] [2]
· 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 PUSCH on a linked UL carrier. 

· For each PDSCH/PUSCH CC, the PDCCH on the DL carrier with a CIF where the UE monitors the PDCCH (other than the configured single CC) shall be able to schedule the PDSCH/PUSCH only if the same DCI payload size is applied. 
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(a) Option 1                                                       (b) Modified Option 1
Figure 1 – Option 1 and Modified Option 1

2.2. Comparison of Two Options

Although the merit to modified Option 1 is additional flexibility, this depends greatly on the UE-specific search space (SS) structure. Therefore, we will compare the two options considering the UE-specific SS structure in this section. 
The main usage case for the CIF is HetNet, where one of DL CCs in a pico-cell suffers from severe interference from a macro-cell. Assuming a scenario where cross-carrier scheduling is applied for two DL CCs, the PDCCH with CIF is assigned on only one DL CC. In this case, there seems to be no difference between Option 1 and Modified Option 1 since the PDCCH with the CIF is transmitted on the same DL CC for both options. Therefore, the advantage of Modified Option 1 over Option 1 will be found in a scenario where there are more than two DL CCs and we discuss this case below.

Figure 2 shows Option 1 with different locations of UE-SS among CCs and shared blind decoding [3] for the case of three DL CCs. As discussed in [3], the UE-specific SS size per CC basically will not be changed according to the number of the assigned CCs. Therefore, as shown in the figure, since the UE-specific SS size of Option 1 is the same as that in Modified Option 1, both options are considered to be very similar to each other (compare Fig. 1(b) and Fig. 2). This is because Option 1 with different locations of UE-SS among CCs and shared blind decoding provides almost the same blocking probability as that for Modified Option 1. The only possible advantage of Modified Option 1 compared to Option 1 may be the effect of dynamic load balancing which will be evident when the number of OFDM symbols carrying the PDCCH exceeds three OFDM symbols, e.g., on CC0 in the figure. However, it is not clear whether the effect of dynamic load balancing is a strong motivation to support Modified Option 1. We note that Option 1 already achieves semi-static load balancing. Therefore, our current preference is Option 1 as the baseline. However, if any additional merits are found for Modified Option 1, it is FFS.
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(a) One CC carrying PDCCH                              (b) Two CCs carrying PDCCH

Figure 2 – Option 1 with different locations of UE-SS among CCs and shared blind decoding
3. Conclusion
This contribution described our views on the linkage between the PDSCH/PUSCH and PDCCH comparing Option 1 and modified Option 1 for carrier aggregation.
· For the case of two DL CCs applying cross-carrier scheduling, Option 1 and Modified Option 1 are the same since the PDCCH with the CIF is transmitted on one DL CC.
· For the case of more than two DL CCs applying cross-carrier scheduling, Option 1 and Modified Option 1 are still very similar if different locations of UE-SS among CCs and shared blind decoding are adopted for Option 1.
For the above reasons, we currently prefer Option 1 as the baseline. However, Modified Option 1 is FFS if additional merits are confirmed.
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