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1 Introduction

This paper considers the signalling for downlink resource block assignment in 36.212 for Distributed transmission using Format 1A.

2 Resource allocation with Format 1A 

DCI format 1A is used for a compact transmission of DL-SCH assignments for SIMO operation. 

In 36.212 it is stated that the following information is transmitted by means of the DCI format 1A:

- [Flag for format0/format1A differentiation – 1 bit]

- Distributed transmission flag – 1 bit

- Resource block assignment – up to
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The intention is that this format uses the same allocation method as the uplink as in Format 0 (for the uplink). In this case the resource block assignment can be indicated by transmitting the index to a list all the possible combinations of contiguous resource assignment (i.e. Resource allocation type 2).  
In addition a flag is provided to indicate distributed transmission. 

3 Discussion of distributed transmission
We first consider the case of Nd=2. In the simplest case, a data block for one user is divided between two physical resource blocks. With a fixed (or configurable) rule for deriving the location of the second block from the first, it is only necessary to signal the location of the first block. This could be anywhere in the system bandwidth. For more than one data block, localised transmission can be used with the resource blocks well separated in the frequency domain. Therefore we see from the Table 1 in the Annex that only a relatively small number of combinations are required for distributed transmission, compared with the number for localised transmission. Therefore by considering jointly the combinations for localised and distributed transmission it is possible to avoid the use of the “Distributed Transmission Flag” and save 1 bit from Format 1A (at least for most system bandwidths).  
The rule or function for determining the frequency separation between resource blocks could depend on parameters such as the system bandwidth (in resource blocks) or be updated by signalling e.g. on PDCCH.   
For example the rule could be:


Separation  =  System Bandwidth/Nd + Offset
The “Offset” value could be semi-statically configured, with a default.

Since some physical resource blocks may be known to be reserved for other uses, these could be excluded from consideration (i.e. the effective system bandwidth is reduced).

A similar approach can be taken for Nd=3. Here, we assume that it would not be necessary to use distributed transmission for more than two data blocks, since enough frequency diversity can be obtained with localized transmission and well separated resource block allocations. Table 2 gives an example of the combinations that could be signalled.
4 Conclusions
We propose the following:

· Localised transmission with Nd=2 is only defined for a single DVRB

· Localised transmission with Nd=3 is defined for one or two DVRBs 
· Localised transmission is signalled to the UE using PDCCH format 1A, with a single set of resource allocations including contiguous localized transmission and distributed transmissions. A separate flag to indicate distributed transmission may not be required, since the number of additional combinations to be signalled is small.
· It may not be necessary to support distributed transmission with Format 1
5 Annex

Table 1: Possible Signalling for localised and distributed resource allocation with Nd=2
	
	Resource Allocation
Type 0 and Type 1
	Resource Allocation Type 2

	
	Localized/

distributed allocation
	Contiguous localized allocation
	Distributed allocation
	Localized + distributed allocation

	System 
Bandwidth (RBs)
	Group size (RBs)
	Bitmap size (bits)
	Number of combinations
	Number of bits
	Number of
combinations with Single block, Nd=2
	Number of bits

	6
	1
	6
	21
	5
	6
	5

	7
	1
	7
	28
	5
	7
	6

	8
	1
	8
	36
	6
	8
	6

	9
	1
	9
	45
	6
	9
	6

	10
	1
	10
	55
	6
	10
	7

	11
	2
	6
	66
	7
	11
	7

	12
	2
	6
	78
	7
	12
	7

	13
	2
	7
	91
	7
	13
	7

	14
	2
	7
	105
	7
	14
	7

	15
	2
	8
	120
	7
	15
	8

	16
	2
	8
	136
	8
	16
	8

	17
	2
	9
	153
	8
	17
	8

	18
	2
	9
	171
	8
	18
	8

	19
	2
	10
	190
	8
	19
	8

	20
	2
	10
	210
	8
	20
	8

	21
	2
	11
	231
	8
	21
	8

	22
	2
	11
	253
	8
	22
	9

	23
	2
	12
	276
	9
	23
	9

	24
	2
	12
	300
	9
	24
	9

	25
	2
	13
	325
	9
	25
	9

	26
	2
	13
	351
	9
	26
	9

	27
	3
	9
	378
	9
	27
	9

	28
	3
	10
	406
	9
	28
	9

	29
	3
	10
	435
	9
	29
	9

	30
	3
	10
	465
	9
	30
	9

	31
	3
	11
	496
	9
	31
	10

	32
	3
	11
	528
	10
	32
	10

	40
	3
	14
	820
	10
	40
	10

	41
	3
	14
	861
	10
	41
	10

	42
	3
	14
	903
	10
	42
	10

	43
	3
	15
	946
	10
	43
	10

	44
	3
	15
	990
	10
	44
	11

	45
	3
	15
	1035
	11
	45
	11

	59
	3
	20
	1770
	11
	59
	11

	60
	3
	20
	1830
	11
	60
	11

	61
	3
	21
	1891
	11
	61
	11

	62
	3
	21
	1953
	11
	62
	11

	63
	3
	21
	2016
	11
	63
	12

	64
	4
	16
	2080
	12
	64
	12

	65
	4
	17
	2145
	12
	65
	12

	83
	4
	21
	3486
	12
	83
	12

	84
	4
	21
	3570
	12
	84
	12

	85
	4
	22
	3655
	12
	85
	12

	86
	4
	22
	3741
	12
	86
	12

	87
	4
	22
	3828
	12
	87
	12

	88
	4
	22
	3916
	12
	88
	12

	89
	4
	23
	4005
	12
	89
	12

	90
	4
	23
	4095
	12
	90
	13

	91
	4
	23
	4186
	13
	91
	13

	92
	4
	23
	4278
	13
	92
	13

	107
	4
	27
	5778
	13
	107
	13

	108
	4
	27
	5886
	13
	108
	13

	109
	4
	28
	5995
	13
	109
	13

	110
	4
	28
	6105
	13
	110
	13


Table 2: Possible Signalling for localised and distributed resource allocation with Nd=2 and nd=3

	
	Resource Allocation Type 0 and Type 1
	Resource Allocation Type 2

	
	Localized/

distributed allocation
	Localized contiguous allocation
	Distributed allocation
	Localized and  distributed allocation

	System 
Bandwidth (RBs)
	Bitmap size (bits)
	Number of combinations
	Number of bits
	Number of
combinations with Single block, Nd=2
	Number of
combinations with Single block, Nd=3
	Number of 
combinations with Two blocks, Nd=3
	Number of bits

	6
	6
	21
	5
	6
	6
	6
	6

	7
	7
	28
	5
	7
	7
	7
	6

	8
	8
	36
	6
	8
	8
	8
	6

	9
	9
	45
	6
	9
	9
	9
	7

	10
	10
	55
	6
	10
	10
	10
	7

	11
	6
	66
	7
	11
	11
	11
	7

	12
	6
	78
	7
	12
	12
	12
	7

	13
	7
	91
	7
	13
	13
	13
	8

	14
	7
	105
	7
	14
	14
	14
	8

	15
	8
	120
	7
	15
	15
	15
	8

	16
	8
	136
	8
	16
	16
	16
	8

	17
	9
	153
	8
	17
	17
	17
	8

	18
	9
	171
	8
	18
	18
	18
	8

	19
	10
	190
	8
	19
	19
	19
	8

	20
	10
	210
	8
	20
	20
	20
	9

	21
	11
	231
	8
	21
	21
	21
	9

	22
	11
	253
	8
	22
	22
	22
	9

	23
	12
	276
	9
	23
	23
	23
	9

	24
	12
	300
	9
	24
	24
	24
	9

	25
	13
	325
	9
	25
	25
	25
	9

	26
	13
	351
	9
	26
	26
	26
	9

	27
	9
	378
	9
	27
	27
	27
	9

	28
	10
	406
	9
	28
	28
	28
	9

	29
	10
	435
	9
	29
	29
	29
	10

	30
	10
	465
	9
	30
	30
	30
	10

	31
	11
	496
	9
	31
	31
	31
	10

	32
	11
	528
	10
	32
	32
	32
	10

	40
	14
	820
	10
	40
	40
	40
	10

	41
	14
	861
	10
	41
	41
	41
	10

	42
	14
	903
	10
	42
	42
	42
	11

	43
	15
	946
	10
	43
	43
	43
	11

	44
	15
	990
	10
	44
	44
	44
	11

	45
	15
	1035
	11
	45
	45
	45
	11

	59
	20
	1770
	11
	59
	59
	59
	11

	60
	20
	1830
	11
	60
	60
	60
	11

	61
	21
	1891
	11
	61
	61
	61
	12

	62
	21
	1953
	11
	62
	62
	62
	12

	63
	21
	2016
	11
	63
	63
	63
	12

	64
	16
	2080
	12
	64
	64
	64
	12

	65
	17
	2145
	12
	65
	65
	65
	12

	83
	21
	3486
	12
	83
	83
	83
	12

	84
	21
	3570
	12
	84
	84
	84
	12

	85
	22
	3655
	12
	85
	85
	85
	12

	86
	22
	3741
	12
	86
	86
	86
	12

	87
	22
	3828
	12
	87
	87
	87
	12

	88
	22
	3916
	12
	88
	88
	88
	13

	89
	23
	4005
	12
	89
	89
	89
	13

	90
	23
	4095
	12
	90
	90
	90
	13

	91
	23
	4186
	13
	91
	91
	91
	13

	92
	23
	4278
	13
	92
	92
	92
	13

	107
	27
	5778
	13
	107
	107
	107
	13

	108
	27
	5886
	13
	108
	108
	108
	13

	109
	28
	5995
	13
	109
	109
	109
	13

	110
	28
	6105
	13
	110
	110
	110
	13
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