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1. Introduction
In RAN1 #58 meeting, regarding PDCCH transmission in carrier aggregation, the following was agreed in [1]. 

· PDCCH on a component carrier assigns PDSCH resources on the same component carrier and PUSCH resources on a single linked UL component carrier

· No carrier indicator field : i.e. Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) and DCI formats

· PDCCH on a component carrier can assign PDSCH or PUSCH resources in one of multiple component carriers using the carrier indicator field
· Rel-8 DCI formats extended with 1 – 3 bit carrier indicator field : Reusing Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) 

· Solutions to PCFICH detection errors on the component carrier carrying PDSCH to be studied

· In both cases, limiting the number of blind decodings is desirable

The benefits of using an explicit carrier indicator field (CIF) is that it allows the eNB to simply indicate the carrier on which the corresponding PDSCH is transmitted and allows the UE to monitor the PDCCH on a reduced number of component carriers. However, there are some issues that need to be discussed for the operation of the explicit CIF. In this document, we investigate possible issues of the explicit CIF and we recommend some approaches to avoid the issues.
2. Possible issues of the explicit CIF
2.1. 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 because the UE may be able to implicitly detect the carrier information via 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. 
2.2. Reconfiguration of the length of CIF 
According to the agreement, the size of CIF being considered is 1 to 3 bits. One motivation is to enable the configuring of the number of CIF bits based on the number of configured component carriers. However, considering the current radio resource reconfiguration procedure in LTE Rel-8, this may not be a desirable approach. In this section, possible reconfiguration issues due to having a variable size CIF are discussed.
In LTE Rel-8, RRC does not support the specification of an exact activation time in reconfiguration procedures. This means that an uncertainty widow occurs because the reconfiguration time assumed in the eNB might be different from the time when the UE actually finishes the reconfiguration, as shown in Figure 1(a). If a new DCI set having a different length CIF is applied by the eNB earlier than the time when the UE completes CIF reconfiguration, the UE may fail to correctly decode PDCCH transmissions.  Similarly, if the old DCI set using the old CIF length continues to be applied by the eNB after the time when the UE completes CIF reconfiguration, reception of the PDCCH by the UE may also fail because blind decoding will be unsuccessful due to the different DCI format lengths. In addition, if the UE misses the reconfiguration message, the UE would keep using the old DCI set with the old CIF length for some time before the eNB detected the reconfiguration signalling error as shown in Figure 1(b). During this time, it would be impossible for the UE to receive PDCCH communications if the eNB transmitted any DCI with the new CIF length. 
It was initially thought that this reconfiguration issue is similar to the transmission mode change in LTE Rel-8 and it can be solved by the eNB implementation e.g transmitting DCI 1A only. But, it should be noted that this CIF is applied to both DCIs used in a certain transmission mode. So, the reconfiguration problem due to the change of CIF is quite different from the problem due to the change of transmission mode and it should be carefully considered. 
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Figure 1. Example of (a) having the different reconfiguration timing, and (b) of missing of the RRC signalling

Using a fixed CIF length (e.g. 3 bits) may be beneficial to avoid the above problem. However, even if a fixed CIF length is used, this problem can still occur when a multi-carrier capable Rel-10 UE transitions from idle mode to connected mode. In this sense, we may need to investigate methods to minimize the impact of DCI set mismatches between the eNB and UE.  

3. Conclusion

In this document, we investigated the possible issues of using an explicit CIF and we recommended approaches to avoid the issues. 

Firstly, when carriers having different system bandwidths or different transmission modes are aggregated, either of the followings is recommended.   

· Approach 1: Different blind decoding is allowed for the different DCI format sizes without padding and CIF can not be included in DCI format if the carrier can be distinguished based solely on the blind decoding operation
· Approach 2: Additional padding bits are applied only for DCI 0, 1A, 3, 3A, 1B, 1C. 
In addition, we discussed the possible mismatch between the eNB and the UE during the CIF length reconfiguration in Section 2.2. It turns out that it is different from the transmission mode change which was discussed earlier for LTE Rel-8 and it is recommended that RAN1 carefully investigates the impact of CIF length in the reconfiguration procedure.     
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