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1. Introduction
In the RAN1 #59bis meeting, the following has been agreed regarding the inclusion of CIF in DCI formats.
· Inclusion of CIF in DCI formats:

· DCI formats do not have CIF when CRC is scrambled by P-RNTI, RA-RNTI or TC-RNTI 

· SI-RNTI is FFS

· DCI formats 0, 1, 1A, 1B, 1D, 2, 2A, 2B in UE-specific search space may contain CIF (still to be decided) when CRC is scrambled by C-RNTI/SPS C-RNTI

· Inclusion of CIF in DCI formats 0, 1A in common search space when CRC is scrambled by C-RNTI is FFS

· Format 3/3A: FFS

However, it is still to be decided whether the explicit CIF should be included in DCI formats in the UE-specific search space for cases when the DCI format sizes are different between carriers. In Section 2, we investigate desirable approaches when carriers having different DCI format sizes are aggregated. In addition, the PDCCH search space for cross carrier scheduling is discussed in Section 3, since the PDCCH search space may need to be modified to accommodate PDCCH of multiple carriers. 

2. Explicit CIF in different DCI format sizes
The main benefit of CIF is not to increase the blind decoding. But, this benefit may not be realized when different DCI format sizes are used for each carrier. For example, consider the case where two carriers are aggregated, wherein one carrier is configured in transmission mode 1 and the other carrier is configured in transmission mode 3 of LTE Rel-8. In this case, the UE should monitor DCI format 1A and 1 for the first carrier and DCI format 1A and 2A for the second carrier. Since the sizes of DCI format 1 and 2A are different, the UE must perform the blind decoding operation for each format (i.e. each size).  This implies that the UE would have to blind decode each PDCCH candidate against three DCI format sizes instead of the current two even though CIF is included. In addition, it is also possible to aggregate carriers having different system bandwidths. Since the length of the resource allocation field scales with the number of PRBs, the DCI format size even for the same DCI format (e.g. DCI 1A) will be different for different system bandwidths as shown in Table 1. 
	DCI Format
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	0/1A/3/3A
	21
	22
	25
	27
	27
	28

	1
	19
	23
	27
	31
	33
	39

	1B
	22
	25
	27
	28
	29
	30

	1C
	8
	10
	12
	13
	14
	15

	1D
	22
	25
	27
	28
	29
	30

	2
	31
	34
	39
	43
	45
	51

	2A
	28
	31
	36
	41
	42
	48


Table 1:  DCI format lengths (bits) in LTE Rel-8 (FDD, 2 Tx antennas at eNB)

In [2], it was proposed to insert padding bits in the DCI format having the smaller size such that it becomes the same size as another DCI format size. While the padding method reduces the amount of blind decoding, it requires additional resources in terms of transmission power or time-frequency resources to transmit the redundant bits.  For example, consider the example where a 10MHz carrier and a 20MHz carrier are aggregated, which is one of the suggested deployment scenarios in [3]. In this scenario, DCI format 1 is transmitted for the 10MHz carrier and DCI format 2A is transmitted for the 20MHz carrier. In this case, the required padding length to make the DCI 1 equal in size to the DCI 2A is 17 bits. It is definitely undesirable to include 17 padding bits in DCI 1 which has only 31 information bits (for a 10MHz bandwidth). 

To avoid excessively large numbers of padding bits, one simple approach would be to not apply any additional padding to the DCIs. Instead, we could allow the additional blind decoding for different DCI format sizes. In this case, CIF may not be required, since the UE is able to implicitly detect the carrier information based on the decoding of a given DCI format size. 
In another approach, the padding method would only be applied for a certain type of DCI format. Looking at some DCI formats like DCI 0 or 1A in Table 1, the size does not significantly increase as a function of the system bandwidth. Conversely, DCI formats such as DCI 1 grow significantly larger as the system bandwidth increases. The main difference is the resource allocation method. One method uses the BITMAP based resource allocation, in which each bit is used to indicate whether the corresponding resource block group is allocated or not. The other method is the compact resource allocation in which the starting point and number of resource blocks are indicated. In this latter case, the total bit size increases in a log scale of the number of resource blocks, and is thus less sensitive to the number of resource blocks in the corresponding system bandwidth.  Based on this observation, it is proposed that padding is applied if the DCI format uses compact scheduling (DCI formats 0, 1A, 1B, 1C, 1D, 3 and 3A). For the remaining DCI formats, the DCI format is transmitted without modification (i.e. no additional padding) resulting in the UE performing blind decoding for each DCI format size. 
3. PDCCH search space for cross carrier scheduling

In LTE Rel-8 specification, the number of PDCCH candidates is defined with a fixed value as shown in Table 2. 
Table 2: PDCCH candidates monitored by a UE inTS36.213 [4]
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	Aggregation level 
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	Size [in CCEs]
	

	UE-specific
	1
	6
	6

	
	2
	12
	6

	
	4
	8
	2

	
	8
	16
	2

	Common
	4
	16
	4

	
	8
	16
	2


The number of PDCCH candidates in the UE specific search space for aggregation levels 4 and 8 is not sufficient to schedule more than 2 carriers. More importantly, if the same number of PDCCH candidates as Rel-8 is used to schedule multiple PDCCHs to one UE, the blocking probability would be larger than Rel-8 system. Therefore, it is worth considering the increase of PDCCH search space for cross-carrier scheduling. 

To expand the search space, one possible approach would be to define the separate search space for each CC. The UE monitors the different search space for each CC [5], which would increase the overall search space in case of cross carrier scheduling. It is similar to the separate scheduling case except all of the search spaces are located in one PDCCH CC. The advantage of this approach would be to require a small modification in the specification. The search space between CCs can be shared between CCs [6]. Actually, this method is similar to expand PDCCH search space with respect to the number of CCs [7]. In both approaches, the different search space is defined for the case when different CCs have different DCI format sizes, since it increases the number of blind decodings if the search space is shared with other CCs. The benefit of sharing the search space is to reduce the blocking probability without increasing the blind decoding. However, sharing may not be necessary if the requirement for blind decoding (i.e. the maximum number of blind decoding that the UE can support) is the same as separate scheduling since the blocking probability should be sufficient with the current Rel-8 search space. In this sense, to design the detailed search space for cross-carrier scheduling, it should be discussed whether there is a need to define different requirements between separate scheduling and cross carrier scheduling in terms of the blind decoding, false alarm probability and blocking probability.
4. Conclusion

In this document, we investigated the issue of including the explicit CIF in the DCI format for cases when the DCI format sizes are different for each carrier. Two approaches discussed in Section 2 are summarized as follows:
· Approach 1: Different blind decoding is allowed when different DCI format sizes (without padding) are needed for each carrier.  In these cases, the CIF is not included in the DCI format if the carrier can be distinguished based solely on the blind decoding operation (i.e. based on the size of the message). This approach is simple, but it increases the number of blind decodings.
· Approach 2: Additional padding bits are applied to reduce the amount of blind decoding. The overhead of the padding bits would be significant if the DCI format uses BITMAP based resource allocation (DCI formats 1, 1D, 2 and 2A). 
Therefore, it is recommended to allow additional blind decoding for DCI formats 1, 1D, 2 and 2A. However, for DCI formats 0, 1A, 3, 3A, 1B and 1C, it is FFS whether the blind decoding is allowed or padding bits are applied.
In Section 3, the PDCCH search space to support cross carrier scheduling was discussed and the following are recommended.
· The overall search space in the case of cross carrier scheduling should be increased compared to the Rel-8 search space to maintain a blocking probability similar to the Rel-8 system. 

· It should be discussed whether there is a need to define different requirements for separate scheduling and cross carrier scheduling in terms of the blind decoding, false alarm probability and blocking probability.
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