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1 Introduction
In the previous RAN1 meetings, it has been discussed that joint channel coding is used for category 1 and 2/3 information bits of a UE [1], and the outline of designing DL CCH has been also decided [2]. These working assumptions for SIMO should be considered in the design of DL CCH for MIMO as well. The below bullet points are also the main assumptions which should be considered in the design of DL CCH for MIMO. 
· It is proper that PMI indication is transmitted by the dedicated channel [3]

 REF _Ref169439302 \n \h 
[4][5].
· DL signalling supports for Node B’s overriding the rank reported from the UE [6].
· Up to two codewords can be transmitted to a UE configured to be in SU-MIMO transmission [7].
· Only one layer (in other words, only transmission rank of one) is allocated to a UE configured to be in MU-MIMO transmission [6].
· The PMI granularity has two options [1].
· 1.25/1.6/2.5MHz: whole or subset of RBs
· 5/10/15/20MHz: order of 5 (e.g. 4, 5, or 6) adjacent RBs (exact single value to be decided in relation to the CQI discussion) / whole or subset of RBs
· Note: definition of “subset” depends on e.g. the feedback report optimization scheme or the configured reporting band (due to e.g. fractional frequency reuse) etc.
In this contribution, section 2 provides DL L1/L2 CCH formats for SIMO, SU-MIMO, and MU-MIMO and introduces the information required to support MIMO. Section 3 evaluates the performance of DL L1/L2 CCH with tail-biting CC, and finally section 4 concludes the discussion.
2 DL L1/L2 Control channel design for MIMO
When control channel format for MIMO is designed, the payload size of control channel for MIMO is different from that for SIMO, since the control channel for MIMO has additional bits of control information fields such as ‘rank indication’ and ‘rank & stream indication’. The control information for MIMO other than rank indication and rank & stream indication are transmitted via other signaling methods as is discussed in [8]. Also, control channels for SIMO, SU-MIMO, and MU-MIMO are mapped to the same CCE unit to support easy blind detection of control channels [2]. In this regard, this section shows an example of the control channel format for MIMO within 5MHz bandwidth considering the effective code rate for CCE unit [2].

2.1 SIMO

Figure 1 shows an example of basic DL L1/L2 control channel field for SIMO. RA (Resource allocation) indicates which (virtual) resource units (and layers in case of multi-layer transmission) the UE(s) shall demodulate [3]. The size of RA can be changed according to the method of RA signalling [9]

 REF _Ref169439413 \n \h 
[10]

 REF _Ref169439414 \n \h 
[11]

 REF _Ref169439416 \n \h 
[12][13]. MCS is the control information including the combination of modulation scheme and payload size [10]

 REF _Ref169439421 \n \h 
 \* MERGEFORMAT [14][15]

 REF _Ref170038188 \n \h 
 \* MERGEFORMAT [16]. HARQ control information fields such as HARQ process number, Redundancy Version (RV), and New Data Indicator (NDI) are for asynchronous adaptive HARQ [17].
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Figure 1. Example of control channel design for non-MIMO in 5 MHz BW.
2.2 SU-MIMO

For the control channel design for SU-MIMO, two options - joint coding and separate coding – can be considered.
Joint coding
The control channel for SU-MIMO with joint coding is shown in Figure 2.
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Figure 2. Example of control channel design for SU-MIMO with joint coding in 5 MHz BW.
Rank indication

The rank indication indicates the number of transmission rank and the number of codewords scheduled to a UE simultaneously. The rank indication field is transmitted by L1/L2 control channel, because Node B overrides the rank reported from UEs [6]. For the support of rank up to 4, the size of rank indication is only 2 bits enough because the rank is adapted with single rank feedback referring to full system bandwidth. Table 1 is an example of mapping table of the rank indication.
Table 1. Mapping table of Rank indication
	Rank indication index
	Transmission rank
	Number of code words

	0
	1
	1

	1
	2
	2

	2
	3
	2

	3
	4
	2


MCS
The size of MCS should support up to two streams because SU-MIMO supports to transmit dual streams to a UE [7]. So, the size of MCS for SU-MIMO increases as compared with that for SIMO. Therefore, the size of MCS should be reduced as much as possible by the methods in [10]

 REF _Ref169439421 \n \h 
 \* MERGEFORMAT [14]

 REF _Ref170038186 \n \h 
 \* MERGEFORMAT [15]

 REF _Ref170038188 \n \h 
 \* MERGEFORMAT [16] to support the effective code rate for CCE unit.
HARQ fields 
The size of the control information fields related HARQ should also support up to two streams because SU-MIMO supports to transmit dual streams to a UE [1][6]. As a result, the sizes of RV and NDI become double and the number of HARQ processes for SU-MIMO also becomes 16 or 12, if the number of HARQ processes for SIMO is 8 or 6 [18]. In those cases, when the rank indication index is 0, the 4bits are required to signal the HARQ process number, but if the rank indication index is 1 to 3, the 8bits are required to signal the HARQ process number for SU-MIMO to support the full flexibility of mapping between codeword and layer. In other words, the required amount of control signalling for HARQ processes will increase exponentially. In this regard, the method of reducing control signal overhead is needed. Table 4 and Table 5 in ANNEX A are examples that the size of HARQ process number can be reduced to 4 to 6 bits as the signalling overhead and the flexibility are manipulated properly according to the available bits size in CCH.
The example shown in Figure 2 seems to be optimized only for rank 2. In other words, there are redundant 6 to 8 bits in case of rank 1 only in Figure 2. The redundant bits can be used to improve the reliability of the control channel.

Separate coding
The control information for SU-MIMO with separate coding can be divided into two parts as shown in Figure 3, when there is more than one stream. The part 1 includes the control information fields about one stream, and the part 2, which exists only for multiple streams, holds the control information for the other stream. When control channel transmitted with separate coding scheme, additional overhead is caused by UE ID masked CRC.

[image: image3.emf]Resource allcation

HARQ 

process 

number

CRC

(UE ID)

SU-MIMO

11 to 15 bits

4 bits

(for CW1)

2 bits

(for CW1)

1 bit

(for CW1)

16 bits

Rank 

indication

2 bits

RV NDI

MCS:

Modulation & 

Payload size

4 bits

HARQ 

process 

number

0 to 2 bits

(for CW2)

2 bits

(for CW2)

1 bit

(for CW2)

RV NDI

MCS:

Modulation & 

Payload size

3 bits

CRC

(UE ID)

16 bits

Part1 

Part2


Figure 3. Example of control channel design for SU-MIMO with separate coding in 5MHz BW.
2.3 MU-MIMO

Figure 4 shows the control channels of MU-MIMO. The sizes of the control signals for MU-MIMO except for the rank & stream indication are the same amount as those for SIMO since one stream is transmitted to a UE in MU-MIMO mode [1].
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Figure 4. Example of control channel design for MU-MIMO in 5 MHz BW.
Rank & Stream indication

The rank & stream indication represents the combination of the number of transmission rank and the column vector (stream index) in the precoding matrix. The precoding matrix is selected by the PMI indication which is transmitted by the dedicated channel [5].
Moreover, the value of the rank & stream indication for a UE is different from that for other UEs. Therefore, it is reasonable that the rank & stream indication is transmitted by L1/L2 control channel. In this regard, Table 2 represents the size of the rank & stream indication within 5MHz BW. Table 2 is based on the assumption that UE can have one column vector within the region divided by the PMI granularity. Furthermore, ANNEX B gives details of the combination of the rank & stream indication in Table 2.
Table 2. Number of bits of rank & stream indication within 5MHz BW
	PMI granularity
	5RB granularity
	Whole BW granularity

	Rank granularity 
	5RB granularity
	17bits (a)
	-

	
	Whole BW granularity
	11bits (b)
	4bits (c)


3 Consideration on the size for CCHs
The total information bits of control channels for SIMO, SU-MIMO, and MU-MIMO are shown in Table 3. The sizes of CCHs can be modified as required control channel information fields are changed. Figure 5 shows the coding performances of control channels for SIMO, SU-MIMO, and MU-MIMO. The tail-biting convolutional code with 64 state (K=7) and QPSK are used and its mother code rate is 1/3 in the simulation [20]. The RM algorithm is used [21] to map CCHs to CCE unit [2]. The total information bits of CCHs are denoted as k in Figure 5. Under the simulation environment above, the differences of coding performances among CCHs are within around 2dB at the BLER of 10-2 [22]. Therefore, the sizes of control channels should be optimized more to reduce the control channel overhead and guarantee the reliable transmission [2]. 
Table 3. Required information bits for CCHs.
	Information field
	SIMO
	SU-MIMO
	MU-MIMO

	Cat 1
	RA
	11 to 15
	11 to 15
	11 to 15

	Cat 2
	Rank indication
	0
	2
	0

	
	Rank & Stream indication
	0
	0
	17(11)( 4)

	
	MCS
	4
	7
	4

	Cat 3
	HARQ process number
	3
	6(5)(4)
	3

	
	RV
	2
	4
	2

	
	NDI
	1
	2
	1

	
	CRC (UE ID)
	16
	16
	16

	Total information bits
	37 to 41
	46 to 52
	41 to 58
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Figure 5. Performance of Tail-biting convolutional coding with RM.
4 Conclusion
This contribution studies the required DL L1/L2 control channel information field or MIMO and evaluates its performance according to the size of fields. Based on the discussion above, it can be concluded that the design of DL L1/L2 CCH should consider follows.
· The payload size of control channel for MIMO is different from that for SIMO.
· The dedicated channel is needed to transmit additional control channel information related to MIMO. Specially, the PMI indication field is transmitted by dedicated channel to reduce control signalling overhead and support variable size of PMI. 
· The size of control channel should be optimized to reduce the control channel overhead and guarantee the reliable transmission.
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ANNEX A - HARQ process number for SU-MIMO
When full flexibility for mapping between HARQ process number(ID) and codeword is guaranteed for SU-MIMO for E-UTRAN, there are N(N-1)+N combinations of HARQ processes, where N denotes the number of HARQ processes. The first term, N(N-1) indicates the number of combinations of HARQ processes when two different HARQ processes are transmitted simultaneously. The second term, N is for the case that only one HARQ process is transmitted with the rank of one. Because, two streams are transmitted to a user with multiple antennas at the same time in SU-MIMO mode, the N is two times as large as that of SIMO. For example, if the number of HARQ processes for SIMO is 8 or 6, the number of HARQ processes for SU-MIMO becomes 16 or 12. Therefore, with 16 or 12 HARQ processes, the number of total combinations of HARQ processes is 256(=16ⅹ15+16) or 144(=12ⅹ11+12) which can be signalled with 8 bits. In addition, 2 bits of redundancy version and 1 bit of new data indicator are required per stream. In all, 14 bits(8 + (2+1)ⅹ2) of information are necessary to support two streams in SU-MIMO. In other words, the required amount of control signalling for HARQ processes will increase exponentially as the number of maximum HARQ processes increases when full flexibility of mapping between ‘HARQ process number’ and codeword is guaranteed. In this regard, the relation between signalling overhead and flexibility can be manipulated appropriately to minimize the control signal overhead. The trade-off between control signal overhead and the degree of the flexibility of mapping between codeword and layer should be considered carefully when the bit amount of HARQ process number is decided. And two cases when one codeword is transmitted and when two codewords are transmitted are considered separately since the rank indication notices the number of transmitted codewords.
At first, the method of reducing control signalling bits is to allocate half of available HARQ processes to each stream and to enable to pair one HARQ process in one stream only with some of HARQ process in the other stream. A HARQ process in a stream is paired with one of some HARQ processes rather than half of available HARQ processes in the other stream. 

For example, among given 16 HARQ processes, HARQ processes 0-7 are allocated to a stream, stream A, and HARQ processes 8-15 are allocated to the other stream, stream B. When one codeword is transmitted, a HARQ process is signalled with 4bits as shown in Table 4 (a). On the other hand, when two codewords are transmitted, we have several candidates as a HARQ process in stream A is paired with one of 4 to 8 HARQ processes rather than 8 in stream B and they can be signalled with 4 to 6 bits, as shown in Table 4. And, among given 12 HARQ processes, HARQ processes 0-5 are allocated to a stream, stream A, and HARQ processes 5-11 are allocated to the other stream, stream B as well. When one codeword is transmitted, a HARQ process is signalled with 4bits as shown in Table 5 (a). On the other hand, when two codewords are transmitted, we also have several candidates as a HARQ process in stream A is paired with one of 3 to 6 HARQ processes rather than 6 in stream B, as shown in Table 5. In Table 4 and Table 5, the allocation set of HARQ processes denotes HARQ processes transmitted at the same time. And if the size of HARQ process when one codeword is transmitted is different from that when two codewords are transmitted, the rest of bit size can be reserved.
Furthermore, it is not expected that these options degrade system throughput sharply due to constraint on flexibility of mapping ‘HARQ process number’ and codeword, because the reduced flexibility might be compensated with other schemes such as link adaptation, rank adaptation and HARQ MIMO scheme.

Table 4. HARQ process number allocations for SU-MIMO with 16 HARQ process number
(a) When one codeword is transmitted
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes

	0
	(0)
	4
	(4)
	8
	(8)
	12
	(12)

	1
	(1)
	5
	(5)
	9
	(9)
	13
	(13)

	2
	(2)
	6
	(6)
	10
	(10)
	14
	(14)

	3
	(3)
	7
	(7)
	11
	(11)
	15
	(15)


(b) When one codeword is transmitted (4bits)
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes

	0
	(0,8)
	4
	(2,10)
	8
	(4,12)
	12
	(6,14)

	1
	(0,9)
	5
	(2,11)
	9
	(4,13)
	13
	(6,15)

	2
	(1,9)
	6
	(3,11)
	10
	(5,13)
	14
	(7,15)

	3
	(1,10)
	7
	(3,12)
	11
	(5,14)
	15
	(7,8)


(c) When two codeword are transmitted (5bits)
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes

	0
	(0,8)
	8
	(2,10)
	16
	(4,12)
	24
	(6,8)

	1
	(0,9)
	9
	(2,11)
	17
	(4,13)
	25
	(6,9)

	2
	(0,10)
	10
	(2,12)
	18
	(4,14)
	26
	(6,14)

	3
	(0,11)
	11
	(2,13)
	19
	(4,15)
	27
	(6,15)

	4
	(1,9)
	12
	(3,11)
	20
	(5,8)
	28
	(7,8)

	5
	(1,10)
	13
	(3,12)
	21
	(5,13)
	29
	(7,9)

	6
	(1,11)
	14
	(3,13)
	22
	(5,14)
	30
	(7,10)

	7
	(1,12)
	15
	(3,14)
	23
	(5,15)
	31
	(7,15)


(d) When two codeword are transmitted (6bits)
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes

	0
	(0,8)
	5
	(2,8)
	32
	(4,8)
	48
	(6,8)

	1
	(0,9)
	6
	(2,9)
	33
	(4,9)
	49
	(6,9)

	2
	(0,10)
	7
	(2,10)
	34
	(4,10)
	50
	(6,10)

	3
	(0,11)
	8
	(2,11)
	35
	(4,11)
	51
	(6,11)

	4
	(0,12)
	20
	(2,12)
	36
	(4,12)
	52
	(6,12)

	5
	(0,13)
	21
	(2,13)
	37
	(4,13)
	53
	(6,13)

	6
	(0,14)
	22
	(2,14)
	38
	(4,14)
	54
	(6,14)

	7
	(0,15)
	23
	(2,15)
	39
	(4,15)
	55
	(6,15)

	8
	(1,8)
	24
	(3,8)
	40
	(5,8)
	56
	(7,8)

	9
	(1,9)
	25
	(3,9)
	41
	(5,9)
	57
	(7,9)

	10
	(1,10)
	26
	(3,10)
	42
	(5,10)
	58
	(7,10)

	11
	(1,11)
	27
	(3,11)
	43
	(5,11)
	59
	(7,11)

	12
	(1,12)
	28
	(3,12)
	44
	(5,12)
	60
	(7,12)

	13
	(1,13)
	29
	(3,13)
	45
	(5,13)
	61
	(7,13)

	14
	(1,14)
	30
	(3,14)
	46
	(5,14)
	62
	(7,14)

	15
	(1,15)
	31
	(3,15)
	47
	(5,15)
	63
	(7,15)


Table 5. HARQ process number allocations for SU-MIMO with 12 HARQ process number
(a) When one codeword is transmitted
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes

	0
	(0)
	4
	(4)
	8
	(8)
	12
	-

	1
	(1)
	5
	(5)
	9
	(9)
	13
	-

	2
	(2)
	6
	(6)
	10
	(10)
	14
	-

	3
	(3)
	7
	(7)
	11
	(11)
	15
	-


(b) When one codeword is transmitted (4bits)
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes

	0
	(0,6)
	4
	(1,8)
	8
	(2,10)
	12
	(4,10)

	1
	(0,7)
	5
	(1,9)
	9
	(3,9)
	13
	(4,11)

	2
	(0,8)
	6
	(2,8)
	10
	(3,10)
	14
	(5,6)

	3
	(1,7)
	7
	(2,9)
	11
	(3, 11)
	15
	(5,11)


(c) When two codeword are transmitted (5bits)

	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes

	0
	(0,6)
	8
	(1,8)
	16
	(2,11)
	24
	(4,8)

	1
	(0,7)
	9
	(1,9)
	17
	(3,6)
	25
	(4,10)

	2
	(0,8)
	10
	(1,10)
	18
	(3,7)
	26
	(4,11)

	3
	(0,9)
	11
	(1,11)
	19
	(3,9)
	27
	(5,6)

	4
	(0,10)
	12
	(2,6)
	20
	(3,10)
	28
	(5,7)

	5
	(0,11)
	13
	(2,8)
	21
	(3,11)
	29
	(5,8)

	6
	(1,6)
	14
	(2,9)
	22
	(4,6)
	30
	(5,9)

	7
	(1,7)
	15
	(2,10)
	23
	(4,7)
	31
	(5,11)


(d) When two codeword are transmitted (6bits)
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes
	HARQ process number index
	Allocation set of HARQ processes

	0
	(0,6)
	16
	(2,10)
	32
	(5,8)
	48
	-

	1
	(0,7)
	17
	(2,11)
	33
	(5,9)
	49
	-

	2
	(0,8)
	18
	(3,6)
	34
	(5,10)
	50
	-

	3
	(0,9)
	19
	(3,7)
	35
	(5,11)
	51
	-

	4
	(0,10)
	20
	(3,8)
	36
	-
	52
	-

	5
	(0,11)
	21
	(3,9)
	37
	-
	53
	-

	6
	(1,6)
	22
	(3,10)
	38
	-
	54
	-

	7
	(1,7)
	23
	(3,11)
	39
	-
	55
	-

	8
	(1,8)
	24
	(4,6)
	40
	-
	56
	-

	9
	(1,9)
	25
	(4,7)
	41
	-
	57
	-

	10
	(1,10)
	26
	(4,8)
	42
	-
	58
	-

	11
	(1,11)
	27
	(4,9)
	43
	-
	59
	-

	12
	(2,6)
	28
	(4,10)
	44
	-
	60
	-

	13
	(2,7)
	29
	(4,11)
	45
	-
	61
	-

	14
	(2,8)
	30
	(5,6)
	46
	-
	62
	-

	15
	(2,9)
	31
	(5,7)
	47
	-
	63
	-


ANNEX B - Stream indication of MU-MIMO
Figure 6, Figure 7, and Figure 8 show the combinations of the rank & stream indication for MU-MIMO in Table 2 (a), (b), (c). In Figure 6 and Figure 7, each area of 5 RB granularity is denoted by A, B, C, D and E in order. The total number of combinations in Figure 6 is 100000(=105) since each area has 10 combinations. In Figure 7, the total number of combinations is 1300 because the rank is fixed within whole BW and only we can have different stream indexes. The total number of combinations in Figure 8 is just 10(= 4 + 3 + 2 + 1) as the granularity of rank and PMI are whole bandwidth.
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Figure 6. Total combinations of rank & stream indication of Table 2 (a)
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Figure 7. Total combinations of rank & stream indication of Table 2 (b)
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Figure 8. Total combinations of rank & stream indication of Table 2 (c) 
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