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1 Introduction
In RAN1#59 meeting, use of CIF in common search space is discussed. Several consensuses are achieved, and still several issues are open for further study [1], one of which is shown in the following:

· FFS which DCI format(s) can have CIF and which DCI format(s) can never have CIF
In this proposal, we will analyze which DCI formats needs CIF based on the PDCCH type in common search space.

2 Analyze on the necessity for CIF in common search space
Cross carrier PDCCH is introduced and supported in Rel-10 for the advantage that it can provide more reliable PDCCH transferring, which is especially useful in layered network, such as Femto. In these scenarios, the interference in PDSCH region can be coordinated on the resource granularity of RB, while the interference in control channel can be coordinated on the resource granularity of CC based on cross carrier indication, by which the system performance can be improved. Based on above assumption, the necessity for CIF in common search space is analyzed in the following.

Altogether, there are 8 types of PDCCH in common search space, which are PDCCH scrambled with SI-RNTI, PDCCH scrambled with P-RNTI, etc. In this section, each PDCCH will be analyzed whether CIF in common search space is necessary, and the details are shown in the following:
1) PDCCH scrambled with SI-RNTI and P-RNTI

PDCCH scrambled by SI-RNTI, where format 1a/1c is applied, is used to indicate the resource block to transfer System Information. According to RAN2 discussion, system information will be transferred on each BC (Backward Compatible) and NBC (Non-Backward Compatible) component carrier, which means that each BC and NBC CC will have its own SI. So each CC will have independent PDCCH to indicate the resource block transferring SI. 

If the reliability of SI needs to be improved in heavy interference environment, transferring reliability of SI and PDCCH scrambled by SI-RNTI both need to be improved. For the previous one, the reliability can be guaranteed by ICIC. For the latter on, cross carrier PDCCH with CIF can be applied to improved reliability, which will lead to the following issues:
· CIF based PDCCH scrambled with SI-RNTI leads to issue of capacity in common search space

If CIF based PDCCH scrambled with SI-RNTI is introduced, each PDCCH indicating the resource transferring SI needs to be included in common search space of each component carrier, which will lead to the resource lack in common search space. For example, five candidate PDCCH spaces will be engrossed if 5 component carriers are deployed in one eNB, which will lead to increase of block probability in common search space, which actually should be avoided.
· Number of blind decoding will increase

If CIF base PDCCH scrambled by SI-RNTI, additional DCI size will be introduced, which will lead to increase of blind decoding attempt in common search space, which actually should be avoided.
Based on the above analyze, CIF is not proposed to be used in PDCCH scrambled with SI-RNTI. However, another method is considered to increase the reliability of PDCCH scrambled with SI-RNTI, the main idea is setting a relationship of the radio resource transferring SI among different CC, by which the UE can got what radio resource is allocated to transfer SI on each CC when UE resolving  the radio resource information from one PDCCH scrambled with SI-RNTI. For example in Fig.1, one eNB deploys two CCs, CC1 is 10MHz and CC2 is 20MHz. eNB allocates RB1 and RB2 on CC1 to transfer SI. Meanwhile, eNB allocates same number RB to transfer SI on CC2. When UE get that SI is transferred on RB1 and RB2 on CC1, it will get that SI is also transferred by RB1 and RB2 on CC2. By this method, UE can get the resource transferring SI on each CC when UE getting that on either CC. Moreover, the DCI type is same with Rel-8 in this method, which means that same blind decoding attempts and block probability in common search space in Rel-10 is guaranteed with Rel-8 while reliability is improved.
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Fig.1 RB with same number to transfer SI
PDCCH scrambled with P-RNTI is similar with PDCCH scrambled with SI-RNTI, and similar method can be applied.

Proposal 1: CIF is not proposed to be applied in PDCCH scrambled with SI-RNTI and PDCCH scrambled with P-RNTI in common search space. Meanwhile reliability of the two PDCCH is proposed to be improved by some other methods
2) PDCCH scrambled with RA-RNTI and PDCCH scramble with Temporary C-RNTI
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Fig.2 Random Access Procedure

PDCCH scrambled with RA-RNTI, where format 1a and 1c is applied, is used to decode Random Access Response (RAR) message for UE in random access procedure. 

According to RAN2 discussion, two TA methods may be applied: one TA applied on all CCs, and multiple TA for multiple CCs.  Based on these two assumptions, the following analyzes are given:
· If one TA is applied on all CCs, one Random Access procedure is needed, which means that the random access procedure can be initiated on a selected reliable CC, where no cross carrier indication PDCCH is proposed.
· If different CC has independent TA, Random Access procedure is needed on multiple allocated CCs, where no cross carrier indication PDCCH is proposed because RA procedure will not occur frequently and multiple RA procedures are permitted if one RA fails.

Based on the above analyze, no CIF based PDCCH scrambled with RA-RNTI is proposed. 
PDCCH scrambled with Temporary C-RNTI, where format 0 and format 1a is applied, is used to decode Contention Resolution message. It is similar with PDCCH scramble with RA-RNTI and no CIF is proposed.
Proposal 2: CIF is not proposed to be applied in PDCCH scrambled with RA-RNTI and PDCCH scrambled with Temporary C-RNTI in common search space
3) PDCCH scrambled with C-RNTI and PDCCH scrambled with SPS C-RNTI
In RAN1#59 meeting, fixed 3bits is decided to be applied for CIF and CIF is proposed to be applied for PDCCH in UE-specific search space, where PDCCH scrambled with C-RNTI and PDCCH scrambled with SPS C-RNTI is contained. 
According to Rel-8, PDCCH scrambled with C-RNTI and PDCCH scrambled with SPS C-RNTI can also be located in common search space if available space exists. However, if CIF based PDCCH scrambled with C-RNTI and SPS C-RNTI is permitted to be located in common search space, the blind decoding attempts will be increased, which actually should be avoided. 
So from our perspective, CIF is not proposed to be applied in PDCCH scrambled with C-RNTI, while PDCCH scrambled with C-RNTI and SPS C-RNTI without CIF, which is DCI in Rel-8, still can be contained in common search space, which can guarantee the efficiency use of resource in control region.
Proposal 3: CIF is not proposed to be applied in PDCCH scrambled with C-RNTI and PDCCH scrambled with SPS C-RNTI in common search space
4) PDCCH scrambled with TPC-PUCCH-RNTI and PDCCH scrambled with TPC-PUSCH-RNTI
PDCCH scrambled with TPC-PUCCH-RNTI, where format 3 and 3a is applied, is used to indicate the power adjustment information for PUCCH, which is shown in the following figure.
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Fig.3 DCI format 3/3a in Rel-8
According to Fig.3, PDCCH scrambled with TPC-PUCCH-RNTI in Rel-8 can just be used to indicate power adjustment on its own CC, and the correspondence between UE and TPC value is indicated by high layer signaling. Cross carrier indication is not permitted in this structure. However, reliability of PDCCH scrambled with TPC-PUCCH-RNTI may still be expected to be improved in heavy interference environment, which means that cross carrier indication is proposed for power control. And two methods can be considered:

· CIF based PDCCH scrambled with TPC-PUCCH-RNTI is applied, which is a simple and direct method. However, the blind decoding attempts will be increased, which actually should be avoided. So from our view, it is not proposed.
· Same or similar Rel-8 format 3/3a is applied, but the DCI can contain the TPC value on other CC, and the correspondence between UE, CC and TPC value is indicated by higher layer signalling.
PDCCH scrambled with TPC-PUSCH-RNTI is similar with TPC-PUCCH-RNTI, and similar method is proposed.

Proposal 4: CIF is not proposed to be applied in PDCCH scrambled with TPC-PUCCH-RNTI and PDCCH scrambled with TPC-PUSCH -RNTI in common search space. Meanwhile, reliability of power adjustment value is proposed to be improved by other methods
3 Conclusion
Based on the above analyze, CIF is not proposed to be applied in any DCI in common search space. However, several ideas are proposed to improve the reliability of PDCCH in common search space:
1) Reliability of PDCCH scrambled with SI-RNTI and P-RNTI is proposed to be improved based on some other methods, such as setting a relationship among the resources transferring SI and paging.
2) Reliability of TPC value for PUCCH and PUSCH is proposed to be improved based on some other methods, such as new correspondence design between UE, CC and the TPC value based on high layer signalling
3) CIF based PDCCH scrambled with C-RNTI and PDCCH SPS C-RNTI is not proposed to be located in common search space. However, PDCCH scrambled with C-RNTI and SPS C-RNTI without CIF can be contained in common search space.
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