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1
Introduction

The number of PDCCH candidates determines the number of blind decoding (BD) attempts.  While cross-carrier PUSCH/PDSCH assignment is agreed, additional 3 bits carrier indicator field (CIF) will be added to existing DCI formats.  Moreover, existing DCI formats might also be extended by other fields which are not specified in LTE Rel-8/9.  Therefore, DCI payload sizes will become larger in LTE Rel-10 or later releases. The TBCC performance will degrades or produce error floor due to higher coding rate.  In this contribution, we suggest to avoid some cadidates for DCI format in aggregation one to prevent the decoding error floor.
2
DCI formats for carrier aggregation
Cross-CC scheduling and several advanced transmission modes will be supported in the carrier aggregated systems.  Therefore, the existing DCI formats will be appended with three bits for carrier indicator field (CIF) while cross-CC scheduling is enabled.  Following discusses the existing DCI formats appended with new field(s) (e.g. CIF, aperiodic SRS request, … etc).
The payload of new DCI formats will increase due to carrier aggregation and cross-CC scheduling. The existing DCI formats carry uplink grant, downlink assignment, and uplink power control in single component carrier systems.  The number of information bits for existing DCI formats varies with system bandwidth, as shown in Table 1 and Table 2.  The existing DCI formats may be appended with new field(s) (e.g. CIF, aperiodic SRS request, … etc) in carrier aggregated systems.  For cross-CC scheduling, the existing DCI formats will always be appended with three-bit carrier indicator field.  Hence, the number of information bits for existing DCI formats will be increased by at least three bits in carrier aggregated systems.  At system bandwidth up to 20 MHz, the maximum number of information bits will be increased to at least 60 bits in carrier aggregated system (TDD mode).  While 16-bit CRC is attached, the maximum number of DCI payload size will be increase to at least 76 bits.
Table 1: Number of information bits for existing DCI formats at different BWs (FDD)

	BW

DCI
	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
	22/24*
	25/27
	27/29
	28/30
	29/31
	30/32

	1C
	8
	10
	12
	13
	14
	15

	1D
	22/24
	25/27
	27/29
	28/30
	29/31
	30/32

	2
	31/34
	34/37
	39/42
	43/46
	45/48
	51/54

	2A
	28/31
	31/34
	36/39
	40/43
	42/45
	48/51

	3/3A
	21
	22
	25
	27
	27
	28

	*Note: 2-Tx/4-Tx


Table 2: Number of information bits for existing DCI formats at different BWs (TDD)

	BW

DCI
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz 

	0/1A
	23
	25
	27
	29
	29
	30

	1
	22
	26
	30
	34
	36
	42

	1B
	25/27*
	28/30
	30/32
	31/33
	32/34
	33/35

	1C
	8
	10
	12
	13
	14
	15

	1D
	25/27
	28/30
	30/32
	31/33
	32/34
	33/35

	2
	34/37
	37/40
	42/45
	46/49
	48/51
	54/57

	2A
	31/34
	34/37
	39/42
	43/46
	45/48
	51/54

	3/3A
	23
	24
	27
	29
	29
	30

	*Note: 2-Tx/4-Tx


The TBCC decoding performance of some DCI formats degrades due to three bits on aggregation level one. UE-specific search spaces should be carefully designed because DCI payload sizes are obviously getting larger in carrier aggregated systems.  Particularly, the number of PDCCH candidates at aggregation level one should be discussed because of the high coding rate caused by long DCI payload size.  The DCI with larger payload size is still possible to allocate in CCE aggregation level one, however, the coding performance will be decreased because of the higher coding rate.  We would like to remind that there are six candidates of CCE aggregation level one at UE-specific search spaces.  In this case (DCI with larger payload size), it will take six times of blind decoding attempts for CCE aggregation level one even though the coding performance is underperformed.
3
Simulation Results 
In this section, some simulation results are shown to verify the relationship between DCI payload size and coding performance.  The simulation parameters and assumptions are shown in Table 3, and simulation results are shown in Figure 1.  In these simulations, DCIs are allocated at CCE aggregation level one in UE-specific search spaces.  Figure 1 shows an interested inference: performance loss could never be compensated while the number of information bits larger than 51.  For carrier aggregation, existing DCI format may be appended with new field(s) (e.g. CIF, aperiodic SRS request, … etc).  Therefore, DCI payloas sizes in aggregated carrier systems are longer than existing DCI formats.  However, PDCCH candidates at aggregation level one are not sufficient to allocate long DCI formats (or require higher SNR level).  For the above reasons, we would like to remind that UE-specific search spaces should be re-designed based on the DCI payloas size.  A well-designed UE-specific search spaces can increase the coding performance and decrease the number of blind decoding attempts.
Table 3: Paramaters for simulation
	Parameter
	Value

	Carrier bandwidth
	10MHz

	Carrier frequency
	2.0 GHz

	FFT size
	1024

	Channel model
	3GPP ETU (doppler frequency 70Hz)

	Channel estimator
	2-D MMSE

	Correlation level
	Low

	CCE aggregation level
	1-CCE (72 bits)

	DCI code type
	Tail-biting convolution code according to LTE Rel-8

	# of DCI information bits
	46, 47, 48, 49, 50, 51, 52

	# of TX antennas at eNodeB
	2

	# of RX antennas at UE
	2
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Figure 1: The coding performance for DCI with different payload sizes
4
Conclusions

In this contribution we highlighted the error floor due to extra three bits CIF. At least FDD 20MHz DCI forma 2 and TDD DCI formats 2/2A shows error floor performance and are not decodable on aggregation level one. These shall not be scheduled on aggregation level one. Therefore, we suggest some DCI format candidates  at aggregation level one shall be ignored.
Proposal: the DCI format of aggregation level one shall not consider information bits larger than 51 bits.
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