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1 Introduction

In RAN1#58 meeting, the following views on PDCCH design are supported [1]:   
Option 1a: PDCCH on a component carrier assigns PDSCH resources on the same component carrier and PUSCH resources on a single linked UL component carrier

Option 1b: PDCCH on a component carrier can assign PDSCH or PUSCH resources in one of multiple component carriers using the carrier indicator field

In both cases, limiting the number of blind decodings is desirable
As emphasized in the above agreed views, limiting the maximum number of blind decoding is an important issue in carrier aggregation, and also there are many contributions [2-4] to discuss this issue. In this contribution, we will investigate the possibility to decrease the blind decoding in common search space, and take option 1a as example for the analyze.

For option 1a, maximum number of blind decoding is 44*n, which consists of 12*n blind decoding in common search space and 32*n blind decoding in UE-specific search space. In this contribution, we will analyze whether the blind decoding in the common search space can be decreased to 12 regardless of the number of carrier configured to be received by UE.                                                                                                       
2 Decreasing blind decoding for PDCCH in common search space
For most of PDCCH types transferred in common search space, such as the PDCCH configured by SI-RNTI, UE needs to do the blind decoding attempts on each carrier configured to be received by the UE, which leads to the maximum number of blind decoding increasing linearly with the number of carrier configured to the UE. 
In this proposal, it will be investigated whether the blind decoding in common search space can be restricted on one CC, which is something like anchor carrier. By this, the maximum number of blind decoding in common search space can be designed as 12 regardless of CCs configured to be received by one UE.
1) PDCCH configured by SI-RNTI

PDCCH configured by SI-RNTI, where format 1a and 1c is applied, is used to decode the system information transferred in PDSCH. The number of blind decoding for this type is related to the UE state:

a) When in RRC-idle, UE just needs to monitor one CC for system information, which means the maximum number of blind decoding in common search space is 12.
b) When in RRC-connection, UE can monitor one or multiple CC for system information, which depends on RAN2 design, and two options are being discussed:
· Option 1: UE receives system information on each CC configured to it
· Option 2: UE receives system information only on anchor carrier
If option 2 is applied, UE just need to do the blind decoding attempts in the common search space only on one carrier, which means that the maximum number of blind decoding in common search space is 12. If option 1 is applied, UE needs to do the blind decoding in the common search space on each carrier, which means that the maximum number of blind decoding in common search space is 12*n, where n is the number of carrier configured to be received by one UE.
For PDCCH configured by SI-RNTI, the maximum number of blind decoding in the common search space can be designed as 12, which require option2 is applied for system information receiving when UE is in RRC-connection.
2) PDCCH configured by P-RNTI

PDCCH configured by P-RNTI, where format 1a and 1c is applied, is used to decode the paging information transferred in PDSCH. The maximum number of blind decoding for this type is related to the UE state:
a) When in RRC-idle, UE just needs to monitor one CC for paging information, which means the maximum number of blind decoding in common search space is 12.

b) When in RRC-connection, UE needs to receive the paging information only when the system information changes. If UE can receive system information of all CCs only on anchor carrier, it can also be designed to receive paging information only on anchor carrier, which permits the maximum number of blind decoding in common search space is 12.

For PDCCH configured by P-RNTI, the maximum number of blind decoding in the common search space can be designed as 12, which require UE receives paging only on the anchor carrier.
3) PDCCH configured by RA-RNTI
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Fig. 1 Random process procedure
PDCCH configured by RA-RNTI, where format 1a and 1c is applied, is used to decode Random Access Response (RAR) message for UE in random access procedure. 
Generally, UE just needs to receive the RAR message only on one CC, which means that maximum number of blind decoding is 12.

Even UE needs to receive the RAR on multiple CCs, the blind decoding for this type of PDCCH will not have challenge for PDCCH blind decoding capability, because the UE monitoring RAR message doesn’t need to decode the PDCCH scrambled with C-RNTI and SPS C-RNTI in UE specific search space.
For PDCCH configured by RA-RNTI, maximum number of blind decoding in common search space can be designed as 12, and also no challenge for blind decoding capability is expected for UE in random access procedure.
4) PDCCH configured by Temporary C-RNTI

PDCCH configured by Temporary C-RNTI as shown in Fig.1, where format 0 and 1a is applied, is used to decode the UE data transferred in PDSCH for random access procedure. 
Generally, UE just needs to receive only on one CC in this state, which means that maximum number of blind decoding is 12.

Even UE needs to receive contention resolution message on multiple CCs, the blind decoding for this type of PDCCH will not have challenge for PDCCH blind decoding capability, because the UE monitoring contention resolution message doesn’t need to decode the PDCCH scrambled with C-RNTI and SPS C-RNTI in UE specific search space.

For PDCCH configured by Temporary C-RNTI, maximum number of blind decoding in common search space can be designed as 12, and also no challenge for blind decoding capability is expected for UE in random access procedure.
5) PDCCH configured by C-RNTI
PDCCH configured by C-RNTI, where format 0 and 1a is applied, is used to decode the UE data transferred in PDSCH and UL grant. The maximum number of blind decoding in common search space for this type of PDCCH can be designed as 0 for LTE-A UE, if this type of PDCCH transferring can be restricted in UE specific search space. Also it can be designed as 12, if this type of PDCCH transferring can be restricted only on anchor carrier’s common search space.
6) PDCCH configured by SPS C-RNTI

PDCCH configured by SPS C-RNTI, where format 0 and 1a is applied. The maximum number of blind decoding in common search space for this type of PDCCH can be designed as 0 for LTE-A UE, if this type of PDCCH transferring can be restricted in UE specific search space for LTE-A UE. Also it can be designed as 12, if this type of PDCCH transferring can be restricted only on anchor carrier’s common search space.
7) PDCCH configured by TPC-PUCCH-RNTI

PDCCH configured by TPC-PUCCH-RNTI, where format 3 and 3a is applied, is used to indicate the power control information for PUCCH. If the maximum number of blind decoding in common search space needs to be designed as 12, three options are available:

a) All CCs configured for one UE share same TPC 
It means that eNB adjusts the transmitting power for PUCCH with same TPC value on all CCs configured to one UE. Considering the different interference environment on different CC, only one TPC for all configured carrier is not accurate enough. So, it is proposed that independent TPC is used for different CC.
b) Design new structure for format 3 and 3a
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Fig.2 Transmitting power control in rel-8 for format 3/3a
If independent TPC for different CC is applied, the current structure of format 3 and 3a can not meet the requirement, for it is just used to the indicate the power control information on its own CC shown in Fig.2. New structure of format 3 and 3a is needed to indicate power control information on multiple CCs.
c) Design new signalling in high layer

In rel-8, high layer inform UE where to get the power control information in format 3 or 3a as shown in Fig.2. If the structure for format 3 and 3a is retained and independent TPC for different CC is required, high layer needs to inform UE where to get the power control information for different CC in format 3 or 3a, which means that new signalling design in high layer is needed.
For PDCCH configured by TPC-PUCCH-RNTI, the maximum number of blind decoding can be designed to be 12, if new structure of format 3/3a or new signaling in high layers is designed.
8) PDCCH configure by TPC-PUSCH-RNTI

PDCCH configured by TPC-PUSCH-RNTI, where format 3 and 3a is applied, is used to indicate the power control information for PUSCH. The maximum number of blind decoding can be designed as 0 or 12, which is similar with PDCCH configured by TPC-PUCCH-RNTI.
3 Conclusion
Based on the above analyze, the followings conclusions are achieved:
1) For PDCCH option 1a, maximum number of blind decoding in common search space can be designed as 12 regardless of the number of CCs configured to one UE, which leads to the following requirements:

a) UE can receive SI and Paging information only on anchor carrier
b) PDCCH scramble with C-RNTI and SPS C-RNTI for rel-10 UE can only be scheduled in UE specific search space
c) New design is needed for format 3/3a, or high layer signalling related to power control in UL
2) For PDCCH option 1a, maximum number of blind decoding in common search space can be designed as 12+6*(n-1), where n is the number of carrier configured to be received by UE and blind decoding for format 0/1a/3/3a in common search space is retained, which lead to the following requirements:

a)
UE can receive SI and Paging information only on anchor carrier
3) For PDCCH option 1b, maximum number of blind decoding in common search space can also be decreased with same approach and requirements with option 1a
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