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1 Introduction
In RAN1#60, the existence of CIF on UE-specific search space and common search space for each DCI format was discussed and the following has been agreed: 
· Cross carrier scheduling for DCI format 0, 1, 1A, 1B, 1D, 2, 2A, 2B in UE specific search space should be supported by explicit CIF always
· CIF is not included in DCI format 0, 1A in common search space when CRC is scrambled by C-RNTI/SPS C-RNTI. 
On the other hand, it was pointed out that if the DCI formats 0/1A (w/o CIF) on the common search space (C-SS) and a DCI format for cross carrier scheduling (i.e. assigning other CCs) on the UE-specific search space (UE-SS) have the same payload size, a UE cannot distinguish the detected DCI when the C-SS and UE-SS overlap. 

In this contribution, we discuss several solutions for this issue. 
2 Issue of overlap between common search space and UE specific search space
The CIF is not included in DCI format 0, 1A on the common search space when the CRC is scrambled by the C-RNTI/SPS C-RNTI. On the other hand, the CIF is included in DCI format for cross carrier scheduling (i.e. assigning other CCs). When the C-SS and the UE-SS overlap, a UE cannot distinguish the following two PDCCHs in case these DCI sizes are identical: 

· DCI format 0/1A w/o CIF scrambled with C-RNTI/SPS C-RNTI on C-SS

· DCI format with CIF on UE-SS. 
For example, in a system configuration with a 10MHz CC cross scheduling a 5 MHz CC, the above mentioned problem occurs as follows (Figure 1): 
· DCI 0/1A for 5MHz with CIF: 43 bits (this is transmitted on UE-SS)

· DCI 0/1A for 10MHz w/o CIF: 43 bits (this is transmitted on C-SS)
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Figure 1: Example of problematic situation
We identify the following solutions: 

Alternative 1: A padding bit is added to the cross carrier scheduling DCI format 
In order to keep the backwards compatibility, the padding bit should be added to the PDCCH transmitted on UE-SS. In the above example, the padding bit is added to DCI 0/1A with CIF for the 5MHz CC.
Alternative 2: Scrambling of the PDCCH payload by a specific sequence when the DCI contains a CIF
In order to distinguish the DCI format  on C-SS (w/o CIF) and UE-SS (w/ CIF), scrambling is carried out to the PDCCH payload (after FEC) when the DCI includes CIF. The UE descrambles the PDCCH with the scrambling sequence when it decodes PDCCH candidates on the UE-SS. 

Alternative 3: Not to allow transmitting DCI 0/1A with C-RNTI/SPS C-RNTI on the overlapped CCEs between C-SS and UE-SS (only for 4CCE and 8CCE case) 

This alternative specifies the UE behaviour like following. In case the UE-CC and C-SS overlap, if the DCI format 0/1A of the UE-SS matches the size of a DCI format of the UE-SS and if further the DCI format is scrambled with the C-RNTI or SPS C-RNTI the UE assumes that the DCI is mapped on the UE-SS (for cross carrier scheduling). In the above example, a UE assumes that the detected PDCCH is a DCI 0/1A format with CIF for the 5MHz CC. This alternative puts priority on cross carrier scheduling. 
Alternative 4: Not allow transmit DCI for other CC on the overlapped CCEs (only for 4CCE and 8CCE case). 
This alternative specifies the UE behaviour like following. In case the UE-CC and C-SS overlap, if the DCI format 0/1A of the UE-SS matches the size of a DCI format of the UE-SS and if further the DCI format is scrambled with the C-RNTI or SPS C-RNTI the UE assumes that the DCI is mapped on the C-SS. In the above example, a UE assumes that the detected PDCCH is DCI 0/1A format without CIF for the 10MHz CC. This alternative puts the priority on non-cross carrier scheduling. 
Discussion 

Although Alternative 3 and 4 are simple, they cause loss of scheduling flexibility. For a narrower bandwidth which has only a small number of CCEs or for an operation with smaller CFI, C-SS and UE-SS may be frequently overlapped. For example, there are only about 20 CCEs in 5MHz with CFI=3 configuration and C-SS occupies first 16 CCEs. In this case, probability that a PDCCH candidate on UE-SS overlaps with a PDCCH candidate on C-SS is 80% (=4/5) and 100% (=2/2) for CCE aggregation size of 4 and 8, respectively. 
Although the scenarios of identical DCI sizes with and w/o CIF are limited, Alternative 3 or 4 would cause a severe restriction of scheduling flexibility depending on the bandwidth and CFI configuration. Therefore, in our view Alternative 1 or 2 are necessary. Alternative 1 would cause additional overhead while Alternative 2 would cause additional complexity. Since the additional UE complexity of Alternative 2 is small, we slightly prefer Alternative 2. 
3 Conclusion

In this contribution, we discuss handling of overlapping common search space and UE-specific search space. We propose either of following approaches to avoid payload size ambiguity when C-SS and UE-SS are overlapped. 
· Add a padding bit to the cross carrier scheduling DCI format when the size is identical to the size of DCI 0/1A w/o CIF on the common search space. 
· Scramble PDCCH payload by a specific sequence when CIF exists in the PDCCH
We slightly prefer scrambling approach. 
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