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1. Introduction
In the RAN1 #60 meeting, the following has been agreed regarding the inclusion of CIF in DCI formats.
· 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

· Further discussion on:

· reconfiguration issue raised by Panasonic / NTT DoCoMo

· handling of overlap between common and UE-specific search spaces

In this document, we discuss the reconfiguration issue and investigate the pro and con of the proposed solutions. In addition, we discuss inserting padding bits to support cross carrier scheduling when carriers use different DCI format sizes due to their different system bandwidths.  
2. Reconfiguration issue
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. If a new DCI set including CIF is applied by the eNB earlier than the time when the UE completes reconfiguration, the UE may fail to correctly decode PDCCH transmissions.  Similarly, if the old DCI set without CIF 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 DCI set without the CIF for some time before the eNB detected the reconfiguration signalling error.
In [1] and [2], several methods have been proposed to resolve the issue of the uncertainty window during configuration. Basically, the methods can be divided into implementation based approaches or standardization approaches. 
· Approach 1: PDCCH is transmitted in the common search space. 

· Pro: Standards specification is not required. 

· Con: Considering the UE processing delay requirement for the reconfiguration is 15ms, a number of PDCCHs may need to be transmitted in the common search space during the reconfiguration uncertainty window. This approach would increase the blocking probability in the common search space.
· Approach 2: Resource allocation is transmitted with two DCI formats (with and without CIF).
· Pro: Standards specification is not required (as in alternative 1).
· Con: Transmitting dual PDCCHs would not be efficient in terms of resource utilization. In addition, there may be an ambiguity problem when carriers have different DCI format sizes. For example, suppose 5MHz and 20MHz carriers are aggregated. DCI format 0/1A size without CIF for 20MHz is 28 bits, which is the same as DCI format 0/1A size with CIF for 5MHz. The UE may therefore confuse DCI format0/1A of 20MHz and DCI format 0/1A for 5MHz during the UE reconfiguration procedure. 
· Approach 3: CIF is not included in DCI formats of PCC.
· Pro: PDCCH transmission in PCC is not affected by the uncertainty window.
· Con: DCI format size can be different depending on whether a carrier is the PCC or not. It can be viewed as a carrier having a different system bandwidth or transmission mode. If the CC specific search space is introduced, this approach can be easily defined.
Based on the above discussion, we recommend that the feasibility of approach 3 should be further discussed in conjunction with the search space design. 
3. Support of different DCI format size
When carriers having different system bandwidths and/or transmission modes are aggregated, the UE should perform separate blind decoding due to different DCI format sizes, although PDCCHs are transmitted on the same PDCCH carrier. This would probably reduce the advantage of using the same PDCCH carrier in cross carrier scheduling scenario. Therefore, if there is a need to reduce the maximum number of blind decodings, it would be beneficial to consider inserting padding bits in DCI formats having smaller sizes such that those DCI formats become the same size as another DCI format size. However, size difference is too great to insert padding bits for certain types of DCI format. Looking at some DCI formats like DCI 2 or 2A in Table 1, the size significantly increases as a function of the system bandwidth. Conversely, DCI formats such as DCI 0/1A do not significantly increase in size as the system bandwidth increases. The main difference is the resource allocation method. One method uses the BITMAP based resource allocation, where each bit is used to indicate whether the corresponding resource block group is allocated or not. The other method is the compact resource allocation where 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, 1D). 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. 
	DCI Format
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	0/1A
	21
	22
	25
	27
	27
	28

	1
	19
	23
	27
	31
	33
	39

	1B
	22
	25
	27
	28
	29
	30

	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)

4. Conclusion

In this document, we investigated possible approaches to resolve the issue in the uncertainty window during the CIF reconfiguration. 

· Approach 1: PDCCH is transmitted in the common search space.
· Approach 2: Resource allocation is transmitted with two DCI formats (with and without CIF)
· Approach 3: CIF is not included in DCI formats of PCC 
Based on the discussion in Section 2, we see the benefit of approach 3, and therefore we recommend that the feasibility of approach 3 should be further discussed in conjunction with the search space design. 

In Section 3, we discussed the issue of including the explicit CIF in the DCI format for cases when the DCI format sizes are different for each carrier. To reduce the maximum number of blind decodings, we recommend that for DCI formats 0, 1A, 1B and 1D, padding bits are applied. However, to avoid excessive padding bit overhead, blind decoding should be allowed without padding bits for DCI formats 1, 2 and 2A.
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