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1 Introduction

In RAN1#58 meeting, option 1b of PDCCH is supported [1]. In RAN1#58b meeting, length of CI in option 1b is determined to be 3. So option 1b can be described as the following:
Option 1b: PDCCH on a component carrier can assign PDSCH or PUSCH resources in one of multiple component carriers using the carrier indicator field, which is 3bit.
Option 1b can help to reduce PDCCH interference of different cell by transferring PDCCH in more reliable CC [2-3], in the typical scenario is heterogeneous network. However, it deserves more attention that the block probability of option 1b may be high, especially for the PDCCH using aggregation level 4 or aggregation level 8, where the number of PDCCH candidates is just 2.
Analyze for block probability in option 1b will be given in the following, and also one method to decrease the block probability will be proposed.                                                                                        
2 Decreasing block probability based on independent search space
1) Shared search space for option 1b
In Rel-8, the CCEs corresponding to PDCCH candidate m of the search space 
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According to [1], only one C-RNTI will be allocated to one UE regardless of how many CCs are allocated to the UE. If multiple PDCCHs belonging to one UE need to be transferred on one CC, all of them will share one search space, which can be illustrated in the figure 1 with aggregation level 4.
If a UE needs to receive data on CC1 and CC2, PDCCH corresponding to CC1 and CC2 needs to be located in the same candidate search space, which leads to higher block probability compared to that in Rel-8 obviously. Especially, when the aggregation level is 4 or 8 and the number of aggregated CC are greater than 3, the PDCCH needs to be transferred on 2 CCs at least.
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Figure 1 shared search space
2) Independent search space for option 1b
When multiple PDCCHs belonging to one UE need to be transferred on one CC, the PDCCH corresponding to different CC can be placed in different search space, which can be shown in figure 2 with aggregation level 4. Obviously, eNB can find more candidate search space for the PDCCH, which can lead to the decrease of block probability. For example, if UE needs to receive data on CC1 and CC2, PDCCH corresponding to CC1 and CC2 will find candidate search space in their respective search space, which leads to the similar block probability with Rel-8.
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Figure 2 Independent search space

3) Comparison between shared search space and independent search space
Based on the above analyze, it could be found independent search space can lead to less block probability than the shared search space. Furthermore, Independent search space has the following merits compared to shared search space besides that:
a) More reliable PDCCH transfer

In some typical scenarios, such as heterogeneous network, interference between different CCs may be serious, which leads to the requirement that PDCCH corresponding to different CC needs to be transferred on one more reliable CC. 

Less block probability permits more PDCCH can be transferred on one CC, which means that PDCCH corresponding to different CC can be transferred with more reliability.
b) Lower false CRC pass probability
False CRC pass may happen in blind decoding and it is also an important issue deserving more attention. False CRC pass probability 
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Where C is the length of CRC, D is the number of BD, and K is the number of UE.

The number of blind decoding increases linearly with the number of CC contained in PDCCH monitoring CC set [6].However, the independent search space permits more CC can be transferred on one reliable CC, which means that the number of CC contained in PDCCH monitoring CC set in independent search space can be less than that in shared search space, which means that independent search space needs less blind decoding. From formula (3), the false CRC pass probability in independent search space is less that in shared search space.

Proposal 1: Independent search space is applied for option 1b.

3 Independent search space based on CI bits
3 bits are decided to be added as carrier indicator, which can also be used to determine independent search space for PDCCH corresponding different CC. For example, PDCCH candidate m of the search space 
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From formula (5), 
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, which leads to the PDCCH corresponding to different CC will be located in different search space. 
As described in the above, false CRC pass probability is an important issue deserves more attention. So CI is considered to do PDCCH double check to decrease false CRC pass probability, which is described in the following.
For UE, it dose not know CI value contained in PDCCH, so it just does blind decoding in the corresponding search space based on an assumed one. For the PDCCH passing CRC checking in blind decoding, CI can be extracted from the PDCCH and used to check whether the decoded PDCCH is the correct one by comparing the assumed CI value and that contained in PDCCH:
· If the CI contained in PDCCH is same with the assumed one, the PDCCH is considered to be the correct one;
· If the CI contained in PDCCH is not same with the assumed one, the PDCCH should be abandoned.

Proposal 2: CI can be used to determine the independent search space.
4 Conclusion
From the above analyze, block probability needs to be decreased to the extent similar with Rel-8, and the following two proposals are given:
1) Independent search space is applied for option 1b.

2) CI can be used to determine the independent search space
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