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1 Introduction
In LTE Rel-10, DCI format 4 is added as a new DCI format for UL MIMO. When uplink TM2 and downlink TM9 (or TM 1/2/3/4/8) are configured for a certain UE, the DCI format 4 may co-exist with the DCI format 2C (or 1/2/2A/2B) corresponding to the configured downlink transmission mode (TM) in PDCCH simultaneously. The UE needs to distinguish the DCI format 4 and 2C (or 1/2/2A/2B) during PDCCH blind detection. 

According to [1], the payload size of format 4 and 2C (or 1/2/2A/2B) is same in some cases, which will result in blind detection ambiguity for the UE. In this contribution, we analyze these cases with the same payload size in detail, and give the solution. 
2 Analysis of the payload size of DCI format 2C and format 4
Based on our analysis, the same payload size may occur between DCI format 4 and 1/2/2A/2B/2C. In the following, we take format 2C as an example for discussion. The detail of analysis for the relation between DCI format 4 and 1/2/2A/2B can be found in Appendix. 
According to [1], we list the control information elements of DCI format 2C and format 4 in Table 1.

Table 1: Control information elements of DCI format 2C and 4
	Control information elements
	Number of bits 
in DCI format 2C
	Number of bits 
in DCI format 4

	Carrier indicator
	3 (CCS 
) 
0 (no CCS)
	3 (CCS)

0 (no CCS)

	Resource allocation header
	1(N >10RB)
	/

	RB assignment
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	Cyclic shift for DM RS and OCC index
	/
	3

	UL index/
Downlink Assignment Index
	2 (TDD)

0 (FDD)
	2 (TDD)

0 (FDD)

	TPC for PUCCH
	2
	2

	CSI request
	/
	2 (UE with more than one DL cell)

1 (other case)

	SRS request
	0 (FDD)

1 (TDD)
	2

	Multi-cluster flag
	/
	1

	HARQ process number
	3 (FDD)
4 (TDD)
	/

	TB1 MCS
	5
	5

	TB1 NDI
	1
	1

	TB1 RV
	2
	/

	TB2 MCS
	5
	5

	TB2 NDI
	1
	1

	TB2 RV
	2
	/

	Antenna port(s), scrambling identity, and number of layers indication
	3
	/

	Precoding information
	/
	3 ( for 2 ports)
6 ( for 4 ports)


where the value of  P is shown in Table2 [2].

Table 2: Resource Allocation RBG Size vs. Downlink System Bandwidth
	System Bandwidth
	RBG Size
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	≤10
	1

	11 – 26
	2

	27 – 63
	3

	64 – 110
	4


In case of FDD, when CCS, UL 4Tx, and 5MHz channel bandwidth are configured, the payload size of both DCI format 2C and 4 is 41bits as illustrated in Table 2. For this case, the UE cannot distinguish these two DCI formats due to the payload size ambiguity during the PDCCH blind detection. 
Table 3:  The payload size of DCI formats with the configurations (FDD, CCS, UL 4Tx, and 5MHz bandwidth)
	Control information elements 
	Number of bits 
in DCI format 2C
	Number of bits 
in DCI format 4

	Carrier indicator
	3
	3

	Resource allocation header
	1 
	/

	RB assignment
	13
	10

	Cyclic shift for DM RS and OCC index
	/
	3

	UL index/

Downlink Assignment Index
	0
	0

	TPC for PUCCH
	2
	2

	CSI request
	/
	2

	SRS request
	0
	2

	Multi-cluster flag
	/
	1

	HARQ process number
	3 
	/

	TB1 MCS
	5
	5

	TB1 NDI
	1
	1

	TB1 RV
	2
	/

	TB2 MCS
	5
	5

	TB2 NDI
	1
	1

	TB2 RV
	2
	/

	Antenna port(s), scrambling identity, and number of layers indication
	3
	/

	Precoding information
	/
	6 

	SUM
	41
	41


It is noted that the channel bandwidth and transmission bandwidth configuration in E-UTRA listed in Table 4 [3] are assumed for payload size calculation.

Table 4 Transmission bandwidth configuration NRB in E-UTRA channel bandwidths

	Channel bandwidth BWChannel [MHz]
	1.4
	3 
	5
	10
	15
	20

	Transmission bandwidth configuration NRB
	6
	15 
	25
	50
	75
	100


In addition to the case listed in Table 3, there are also some other cases which have the same observation. The configurations and the corresponding payload sizes are listed in Table 5~6. In the tables, the cells with the same color indicate DCI format 2C and 4 have the same payload size. 
Table 5 Payload sizes of DCI format 2C and format 4 with FDD configuration
	Configurations
	1.4M
	3M
	5M
	10M
	15M
	20M

	Format 2C
	CCS
	33
	36
	41
	45
	47
	53

	
	No CCS
	30
	33
	38
	42
	44
	50

	Format 4
	CCS
	DL multi- cell
	2Tx
	34
	35
	38
	40
	41
	42

	
	
	
	4Tx
	37
	38
	41
	43
	44
	45

	
	No CCS
	DL 1 cell
	2Tx
	30
	31
	34
	36
	37
	38

	
	
	
	4Tx
	33
	34
	37
	39
	40
	41

	
	
	DL multi- cell
	2Tx
	31
	32
	35
	37
	38
	39

	
	
	
	4Tx
	34
	35
	38
	40
	41
	42


Table 6 Payload sizes of DCI format 2C and format 4 with TDD
	Configurations
	1.4M
	3M
	5M
	10M
	15M
	20M

	Format 2C
	CCS
	37
	40
	45
	49
	51
	57

	
	No CCS
	34
	37
	42
	46
	48
	54

	Format 4
	CCS
	DL multi- cell
	2Tx
	36
	37
	40
	42
	43
	44

	
	
	
	4Tx
	39
	40
	43
	45
	46
	47

	
	No CCS
	DL 1 cell
	2Tx
	32
	33
	36
	38
	39
	40

	
	
	
	4Tx
	35
	36
	39
	41
	42
	43

	
	
	DL multi- cell
	2Tx
	33
	34
	37
	39
	40
	41

	
	
	
	4Tx
	36
	37
	40
	42
	43
	44


The similar problem appeared in Rel-8, i.e. format 1 and format 0/1A may have the same payload size. To solve it, there is the following operation described in section 5.3.3.1.2 in [1],
If the number of information bits in format 1 is equal to that for format 0/1A, one bit of value zero shall be appended to format 1.

If the same solution is reused for DCI format 4, as:

 If the number of information bits in format 4 is equal to that for format 1/2/2A/2B/2C, one bit of value zero shall be appended to format 4.
Then some sizes of format 4 with one appending bit may be equal to the size of another format. For example, in Table 8, the payload size of DCI format 4 is 30 bits (green cells) which is same as the size of DCI format 2C (blue cell). According to the solution, one appending bit needs to be added for DCI format 4. After appending, the payload size of DCI format 4 will be 31 bits which can enable to distinguish DCI format 4 and 2C. However the payload size of DCI format 4 after appending will be equal to the size of DCI format 2 (red cells), and further appending is needed which is very complicated. 
Table 8 Payload sizes of DCI format 2, format2C and format 4 with FDD configuration
	Configurations
	1.4M

	Format 2
	CCS
	2Tx
	34

	
	
	4Tx
	37

	
	No CCS
	2Tx
	31

	
	
	4Tx
	34

	Format 2C
	CCS
	33

	
	No CCS
	30

	Format 4
	CCS
	34
37
	2Tx
	34

	
	
	
	4Tx
	37

	
	No CCS
	30
33
	2Tx
	30

	
	
	
	4Tx
	33

	
	
	31
	2Tx
	31

	
	
	
	4Tx
	34


To avoid the complicated several steps bit appending, we propose to consider the possible ambiguous DL DCI format type (i.e. the payload size of DCI format 4 is compared to the DL DCI format corresponding to the configured DL transmission mode) when appending bit for DCI format 4.  That is, 
Add the following sentence in Section 5.3.3.1.8 in [1] to avoid the DCI blind detection ambiguity.

If the number of information bits in format 4 is equal to the number of information bits in a DCI format corresponding to the configured downlink transmission mode in the same serving cell, one bit of value zero shall be appended to format 4.
And a corresponding CR [4] has been submitted to LTE-Phys work item to be discussed.
3 Conclusion
To solve the detection ambiguity of DCI format 1/2/2A/2B2C and format 4 due to the same payload size, we propose:
Add the following sentence in Section 5.3.3.1.8 in [1] to avoid the DCI blind detection ambiguity.
If the number of information bits in format 4 is equal to the number of information bits in a DCI format corresponding to the configured downlink transmission mode in the same serving cell, one bit of value zero shall be appended to format 4.
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Appendix
A1. Payload size table for format 1 and format 4
Table A1-1 Payload sizes of DCI format 1 and format 4 with FDD configuration
	Configurations
	1.4M
	3M
	5M
	10M
	15M
	20M

	Format 2B
	CCS
	22
	25
	30
	34
	36
	42

	
	No CCS
	19
	22
	27
	31
	33
	39

	Format 4
	CCS
	DL multi- cell
	2Tx
	34
	35
	38
	40
	41
	42

	
	
	
	4Tx
	37
	38
	41
	43
	44
	45

	
	No CCS
	DL 1 cell
	2Tx
	30
	31
	34
	36
	37
	38

	
	
	
	4Tx
	33
	34
	37
	39
	40
	41

	
	
	DL multi- cell
	2Tx
	31
	32
	35
	37
	38
	39

	
	
	
	4Tx
	34
	35
	38
	40
	41
	42


Table A1-2 Payload sizes of DCI format 1 and format 4 with TDD configuration

	Configurations
	1.4M
	3M
	5M
	10M
	15M
	20M

	Format 2B
	CCS
	25
	28
	33
	37
	39
	45

	
	No CCS
	22
	25
	30
	34
	36
	42

	Format 4
	CCS
	DL multi- cell
	2Tx
	36
	37
	40
	42
	43
	44

	
	
	
	4Tx
	39
	40
	43
	45
	46
	47

	
	No CCS
	DL 1 cell
	2Tx
	32
	33
	36
	38
	39
	40

	
	
	
	4Tx
	35
	36
	39
	41
	42
	43

	
	
	DL multi- cell
	2Tx
	33
	34
	37
	39
	40
	41

	
	
	
	4Tx
	36
	37
	40
	42
	43
	44


A2. Payload size table for format 2 and format 4
Table2-1 Payload sizes of DCI format 2 and format 4 with FDD configuration
	Configurations
	1.4M
	3M
	5M
	10M
	15M
	20M

	Format 2
	CCS
	2Tx
	34
	37
	42
	46
	48
	54

	
	
	4Tx
	37
	40
	45
	49
	51
	57

	
	No CCS
	2Tx
	31
	34
	39
	43
	45
	51

	
	
	4Tx
	34
	37
	42
	46
	48
	54

	Format 4
	CCS
	DL multi- cell
	2Tx
	34
	35
	38
	40
	41
	42

	
	
	
	4Tx
	37
	38
	41
	43
	44
	45

	
	No CCS
	DL 1 cell
	2Tx
	30
	31
	34
	36
	37
	38

	
	
	
	4Tx
	33
	34
	37
	39
	40
	41

	
	
	DL multi- cell
	2Tx
	31
	32
	35
	37
	38
	39

	
	
	
	4Tx
	34
	35
	38
	40
	41
	42


Table A2-2 Payload sizes of DCI format 2 and format 4 with TDD configuration
	Configurations
	1.4M
	3M
	5M
	10M
	15M
	20M

	Format 2
	CCS
	2Tx
	37
	40
	45
	49
	51
	57

	
	
	4Tx
	40
	43
	48
	52
	54
	60

	
	No CCS
	2Tx
	34
	37
	42
	46
	48
	54

	
	
	4Tx
	37
	40
	45
	49
	51
	57

	Format 4
	CCS
	DL multi- cell
	2Tx
	36
	37
	40
	42
	43
	44

	
	
	
	4Tx
	39
	40
	43
	45
	46
	47

	
	No CCS
	DL 1 cell
	2Tx
	32
	33
	36
	38
	39
	40

	
	
	
	4Tx
	35
	36
	39
	41
	42
	43

	
	
	DL multi- cell
	2Tx
	33
	34
	37
	39
	40
	41

	
	
	
	4Tx
	36
	37
	40
	42
	43
	44


A3. Payload size table for format 2A and format 4

Table A3-1 Payload sizes of DCI format 2A and format 4 with FDD configuration
	Configurations
	1.4M
	3M
	5M
	10M
	15M
	20M

	Format 2A
	CCS
	2Tx
	31
	34
	39
	43
	45
	
51

	
	
	4Tx
	33
	36
	41
	45
	47
	53

	
	No CCS
	2Tx
	28
	31
	36
	40
	42
	48

	
	
	4Tx
	30
	33
	38
	42
	44
	50

	Format 4
	CCS
	DL multi- cell
	2Tx
	34
	35
	38
	40
	41
	42

	
	
	
	4Tx
	37
	38
	41
	43
	44
	45

	
	No CCS
	DL 1 cell
	2Tx
	30
	31
	34
	36
	37
	38

	
	
	
	4Tx
	33
	34
	37
	39
	40
	41

	
	
	DL multi- cell
	2Tx
	31
	32
	35
	37
	38
	39

	
	
	
	4Tx
	34
	35
	38
	40
	41
	42


Table A3-2 Payload sizes of DCI format 2A and format 4 with TDD configuration
	Configurations
	1.4M
	3M
	5M
	10M
	15M
	20M

	Format 2A
	CCS
	2Tx
	34
	37
	42
	46
	48
	54

	
	
	4Tx
	36
	39
	44
	48
	50
	56

	
	No CCS
	2Tx
	31
	34
	39
	43
	45
	51

	
	
	4Tx
	33
	36
	41
	45
	47
	53

	Format 4
	CCS
	DL multi- cell
	2Tx
	36
	37
	40
	42
	43
	44

	
	
	
	4Tx
	39
	40
	43
	45
	46
	47

	
	No CCS
	DL 1 cell
	2Tx
	32
	33
	36
	38
	39
	40

	
	
	
	4Tx
	35
	36
	39
	41
	42
	43

	
	
	DL multi- cell
	2Tx
	33
	34
	37
	39
	40
	41

	
	
	
	4Tx
	36
	37
	40
	42
	43
	44


A4. Payload size table for format 2B and format 4

Table A4-1 Payload sizes of DCI format 2B and format 4 with FDD configuration
	Configurations
	1.4M
	3M
	5M
	10M
	15M
	20M

	Format 2B
	CCS
	32
	35
	40
	44
	46
	52

	
	No CCS
	29
	32
	37
	41
	43
	49

	Format 4
	CCS
	DL multi- cell
	2Tx
	34
	35
	38
	40
	41
	42

	
	
	
	4Tx
	37
	38
	41
	43
	44
	45

	
	No CCS
	DL 1 cell
	2Tx
	30
	31
	34
	36
	37
	38

	
	
	
	4Tx
	33
	34
	37
	39
	40
	41

	
	
	DL multi- cell
	2Tx
	31
	32
	35
	37
	38
	39

	
	
	
	4Tx
	34
	35
	38
	40
	41
	42


Table A4-2 Payload sizes of DCI format 2B and format 4 with TDD configuration

	Configurations
	1.4M
	3M
	5M
	10M
	15M
	20M

	Format 2B
	CCS
	36
	39
	44
	48
	50
	56

	
	No CCS
	33
	36
	41
	45
	47
	53

	Format 4
	CCS
	DL multi- cell
	2Tx
	36
	37
	40
	42
	43
	44

	
	
	
	4Tx
	39
	40
	43
	45
	46
	47

	
	No CCS
	DL 1 cell
	2Tx
	32
	33
	36
	38
	39
	40

	
	
	
	4Tx
	35
	36
	39
	41
	42
	43

	
	
	DL multi- cell
	2Tx
	33
	34
	37
	39
	40
	41

	
	
	
	4Tx
	36
	37
	40
	42
	43
	44


� CCS, Cross Carrier Scheduling
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