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1. Introduction
The following two remaining issues on CIF design for carrier aggregation in LTE-A system are to be resolved:
· reconfiguration issue raised by Panasonic / NTT DoCoMo

· handling of overlap between common and UE-specific search spaces
· DL/UL DCI ambiguity
In this contribution, we discuss the methods to solve the above ambiguity problems in LTE-A system.
2. Discussion
2.1. Reconfiguration issue of CIF presence
As discussed in [1] [2], during the reconfiguration of CIF presence/absence, eNodeB and UE may have different comprehensions on the DCI formats payload size. To solve this problem, several solutions have been proposed in order to maintain eNB/UE communication during CIF reconfiguration.
· eNB transmitting two DCI sizes

In this method, two PDCCHs with and without CIF are transmitted to the UE during its reconfiguration on the presence/absence of CIF, which increases the PDCCH overhead and the eNodeB implementation complexity.
· Use DCI format in common search space
It has been decided that CIF is not included in DCI format 0, 1A in common search space when CRC is scrambled by C-RNTI/SPS C-RNTI. During the CIF reconfiguration period, DCI format 0/1A in common search space can be used. However, this method is likely to increase the PDCCH blocking probability, since the size of common search space is limited and only CCE aggregation levels of 4 and 8 are used in common search space.
· Configure the presence/absence of CIF per CC

In this method, not all CCs are configured with CIF at the same time. eNodeB can first configure only a part of the CCs with CIF while keep the remaining CCs without CIF. When the reconfiguration is completed for the first part of CCs, eNodeB can proceed to reconfigure the CIF on the remaining CCs. This method increases the implementation complexity and reconfiguration cycle. 
· Always keep Rel-8 structure in at least one CC
In this method, the UE specific search space without CIF is always maintained at least on one CC. This method assumes independent UE specific search spaces for multiple PDSCH CCs scheduled from one PDCCH CC. The DCI formats in the UE specific search space for the same carrier as the PDCCH CC shall not contain CIF, while DCI formats in the UE specific search space for the different carrier as the PDCCH CC shall contain CIF. In case multiple UE specific search spaces overlap, DCI format ambiguity can occur. Hence, this approach resolves one issue by creating another DCI format ambiguity case.
· Employ time-synchronization using RACH

In this method, RACH procedure is initiated when a UE completes the CIF reconfiguration. However, this method requires additional specification on RACH procedure in support of such functionality.
· Always keep the presence of CIF

In this method, the CIF is always present in the DCI formats in UE specific search space for a Rel-10 UE, irrespective whether cross carrier scheduling is enabled. When cross carrier scheduling is not enabled, CIF is set to a predefined value, which can be used as virtual CRC to reduce the PDCCH false detection probability. Ambiguity on the DCI payload size may only exist when a Rel-10 UE is accessing the system for the first time. Hence, this method significantly reduces the occurrence of DCI payload size ambiguity during CIF reconfiguration, and correspondingly simplifies the system design.
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Fig 1: Always keep the presence of CIF
Proposal1: CIF is always present in the DCI formats in UE specific search space for a Rel-10 UE, irrespective whether cross carrier scheduling is enabled.

2.2. Overlap between common and UE-specific search space
When cross carrier scheduling is enabled, it has been decided that CIF is not included in the DCI formats in the common search space (CSS), and is always included in DCI formats in the UE specific search space (UESS). In case the common search space overlaps with the UE specific search space, it is possible that a DCI format (DCI format 0/1A) in the common search space is of the same size as a DCI format in the UE specific search space, and therefore creates ambiguity on DCI format. 
Since the possible CCE aggregation levels in the common search space are 4 and 8, the DCI ambiguity problem appears only for CCE aggregation levels of 4 or 8. Based on the Rel-8 PDCCH design, the probability of overlapping between CSS and UESS is shown in Table 1.
Table 1: Probability of overlapping between CSS and UESS

	Bandwidth
	Control region size
	Probability of Overlapping

	1.4M
	1 symbol (0 CCE)
	N/A

	
	2 symbols (2 CCE)
	N/A

	
	3 symbols (4 CCE)
	1

	
	4 symbols (6 CCE)
	1

	3M
	1 symbol (2 CCE)
	N/A

	
	2 symbols (7 CCE)
	1

	
	3 symbols (12 CCE)
	1

	5M
	1 symbol (3 CCE)
	N/A

	
	2 symbols (12 CCE)
	1

	
	3 symbols (20 CCE)
	0.9

	10M
	1 symbol (8 CCE)
	1

	
	2 symbols (25 CCE)
	0.6667

	
	3 symbols (41 CCE)
	0.4

	15M
	1 symbol (12 CCE)
	1

	
	2 symbols (37 CCE)
	0.4722

	
	3 symbols (62 CCE)
	0.2762

	20M
	1 symbol (17 CCE)
	1

	
	2 symbols (50 CCE)
	0.3333

	
	3 symbols (84 CCE)
	0.1952


Table 1 indicates that the probability of overlapping is rather high, especially for small system bandwidth. However, the probability of DCI ambiguity shall also consider the occurrence of same DCI payload size in the CSS and UESS. The Rel-8 DCI payload sizes are shown in Table 2 and Table 3, for TDD and FDD respectively. 
Table 2: DCI ambiguity scenario, TDD
	
	1.4 M
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CSS DCI 0/1A
(without CIF bits)
	23
	25
	27
	29
	30
	31

	UESS (3 bits CIF)
	0/1A
	27
	28
	30
	33
	33
	34

	
	1
	25
	29
	33
	37
	39
	45

	
	1B
	28
	30
	33
	34
	35
	36

	
	1D
	28
	30
	33
	34
	35
	36

	
	2
	37
	41
	45
	49
	51
	57

	
	2A
	34
	37
	42
	46
	48
	54

	
	2B
	34
	37
	42
	46
	48
	54


Table 3: DCI ambiguity scenario, FDD

	
	1.4 M
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CSS DCI 0/1A

(without CIF bits)
	21
	22
	25
	27
	27
	28

	UESS (3 bits CIF)
	0/1A
	23
	25
	27
	29
	30
	31

	
	1
	22
	27
	30
	34
	36
	42

	
	1B
	25
	27
	29
	31
	33
	33

	
	1D
	25
	27
	29
	31
	33
	33

	
	2
	34
	37
	42
	46
	48
	54

	
	2A
	31
	34
	39
	43
	45
	51

	
	2B
	31
	34
	39
	43
	45
	51


Tables 2 – 3 show that the scenarios of same DCI payload size in the CSS and UESS are limited. Therefore, the DCI ambiguity problem does not seem to be very severe. As agreed in [4], either the CSS DCI or the UESS DCI shall be transmitted in the overlapping CCEs between CSS and UESS. Since the CSS is shared by all UEs and the CSS search space size is limited, it is preferable that only the CSS DCI can be transmitted the overlapping CCEs between CSS and UESS, in case the CSS DCI and the UESS DCI are of the same payload size.
Proposal 2: If the CSS DCI and the UESS DCI are of the same payload size, only the CSS DCI can be transmitted the overlapping PDCCH candidates between CSS and UESS.
2.3. DL/UL DCI ambiguity

It has been discussed that DL/UL DCI size ambiguity may occur when a DL CC and a UL CC of larger bandwidth are scheduled from the same PDCCH CC with the same CIF value. Some methods [5] [6] such as assigning different CIF values for the problematic DL/UL CC pair were considered. It is noted that similar problem on DL/UL DCI ambiguity also exists in Rel-8 RAN1 specification. This issue is resolved in Rel-8 by RAN4 specification which precludes the scenario of DL bandwidth being smaller than the paired UL CC. It is likely that in Rel-10 the paired DL/UL CCs also have the same bandwidth. Therefore, no additional RAN1 specification is needed for Rel-10 at this moment to resolve this issue. Consequently, the same CIF value can be applied to the SIB2 paired DL/UL CCs.
Proposal 3: No additional RAN1 specification is needed to resolve the DL/UL DCI ambiguity problem in Rel-10 and the same CIF value can be applied to the SIB2 paired DL/UL CCs.
3. Conclusions
In this contribution, we discuss DCI payload size ambiguity during CIF reconfiguration or due to overlapping of common and UE-specific search space, with the following proposals:
Proposal1: CIF is always present in the DCI formats in UE specific search space for a Rel-10 UE, irrespective whether cross carrier scheduling is enabled.

Proposal 2: If the CSS DCI and the UESS DCI are of the same payload size, only the CSS DCI can be transmitted the overlapping PDCCH candidates between CSS and UESS.
Proposal 3: No additional RAN1 specification is needed to resolve the DL/UL DCI ambiguity problem in Rel-10 and the same CIF value can be applied to the SIB2 paired DL/UL CCs.
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