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1 Introduction

Considering the discussion in [1], this document (a revision of R1-073717) makes some more detailed proposals on signalling resource allocations using the PDCCH. The main focus is on DL allocation, but if message sizes/formats are re-used there is likely to be a link with some aspects of UL allocation as well.

The aim here is to be able to signal any allocation in any system bandwidth with a reasonable average overhead and a limited set of message sizes.

We repeat the concluding points from [1] here:

· The overhead due to PDCCH signalling is higher (in relation to the PDSCH payload size) for messages indicating small downlink resource allocations than for large ones. 

· For a given degree of flexibility and/or granularity in resource allocation, more bits are needed for large system bandwidths than for small ones

· The PDCCH message sizes should map onto at least 1,2,4 or 8 CCE’s

· The message sizes should be independent of system bandwidth

Also we repeat the proposed approach for deciding PDCCH message sizes for downlink resource allocation: 

· The largest message (C) provides full flexibility for resource allocation in the maximum system bandwidth, for both single codeword and dual codeword transmission

· The next message size (B) is about half the maximum size and supports two formats, where the dual codeword format has less flexibility in resource allocation than the single codeword format  Both formats provide as much flexibility as possible for smaller resource allocations (to avoid use of size C for small allocations). There would be more flexibility provided for small system bandwidths.

· The smallest message size (A) is about half the size of B and supports only single codeword transmission. This format should provide as much flexibility as possible for small allocations (to avoid the use of size B or C for small allocations).  

Documents [2] and [3] make some additional proposals for parameters to be included in the DL allocation message, and so these have been taken into account, giving the proposed message sizes in Table 1, which are designed to map onto 2, 4 or 8 CCEs.

Each different message size is assumed to be independent of system bandwidth, but the flexibility of resource allocation for a given message size will depend on system bandwidth.

The minimum size of the RB field is assumed to be 13 bits to match the UL resource grant message.  

	
	Field size (bits)

	
	
	
	Single Codeword
	
	Double codeword
	
	

	Message Type
	Format indication
	MAC ID/CRC
	Transport format/MCS
	Redundancy version+NDI
	HARQ process number
	UL TPC
	Distributed Transmission
	Precoding info
	Number of Layers
	Second transport format
	Second redundancy version
	RB Assignment
	Total

	A) Single codeword, No precoding, Small message size
	1
	16
	6
	3
	4
	2
	1
	-
	-
	-
	-
	13
	33+RB=46

	B1) Single Codeword, Precoding, Medium message size 
	1 
	16
	6
	3
	4
	2
	1
	3
	-
	-
	-
	44
	36+RB=80

	B2) Double codeword, Precoding, Medium message size
	1 
	16
	6
	3
	4
	2
	1
	4
	2
	4
	2
	33
	47+RB=80

	C) Single/Double codeword, precoding, Large message size
	-
	16
	6
	3
	4
	2
	1
	4
	2
	4
	2
	110
	47+RB=157


Table 1: Proposed message sizes based on possible field contents and sizes

2 Proposed Approach

For small system bandwidths the message size A is sufficient to send a full bit map for RB allocation. For larger bandwidths there will need to be some limitations. In order to manage overheads we propose that for small message sizes, priority is given to signalling small resource allocations. For a larger allocation, a larger message can be used, for which the fractional overhead will remain acceptable.  

Table 2 shows how the mapping method could vary with system bandwidth and message size. 

This has some similarity with Table1 in [4], however, we suggest a smaller number of different payload sizes, and propose to allow the use of small payload messages with any system bandwidth. 

	
	Resource Mapping Method for given total message size

	System Bandwidth (RBs)
	Massage size 

A = 46 bits
	Massage size 

B1 = 80 bits
	Massage size 

B2 = 80 bits
	Massage size 

C = 157 bits

	6
	Full resolution bit map
	Message not required
	Message not required
	Message not required

	13
	Full resolution bit map
	Full resolution bit map
	Full resolution bit map
	Message not required

	27
	Full flexibility for small allocations, limited support for others
	Full resolution bit map
	Full resolution bit map
	Message not required

	55
	Full flexibility for small allocations, limited support for others
	Full flexibility for small allocations, limited support for others
	Full flexibility for small allocations, limited support for others
	Full resolution bit map

	110
	Full flexibility for small allocations, limited support for others
	Full flexibility for small allocations, limited support for others
	Full flexibility for small allocations, limited support for others
	Full resolution bit map


Table 2: Mapping method vs. system bandwidth for fixed message sizes

The objective of preferentially supporting small allocations with small message sizes can be conveniently met by adopting a combinatorial approach (but the same thing may be achieved with other methods described in [5]). 

As an example, for the case of message size A and system bandwidth of 27RBs (~5MHz), a possible allocation scheme is shown in Table 3. For allocations sizes of 1, 2 or 3 RBs all possible combinations can be signaled. For allocation sizes of 4 to 9 RBs all possible combinations with a granularity of 2 RBs can be signaled. Other allocation sizes, or allocations not available due to restricted granularity, would require a larger message size.

	Allocation size (RBs)
	Granularity
	Combinations
	Cumulative combinations
	Cumulative bits

	1
	1
	27
	27
	5

	2
	1
	351
	378
	9

	3
	1
	2925
	3303
	12

	4
	2
	91
	3394
	12

	5
	2
	364
	3758
	12

	6
	2
	364
	4122
	13

	7
	2
	1001
	5123
	13

	8
	2
	1001
	6124
	13

	9
	2
	2002
	8126
	13


Table 3: Example of resource allocations to be supported with message size A and system bandwidth 27 RBs

Another example is shown in Table 4, again for message size A, but with a system bandwidth of 55 RBs. Now full flexibility is only available for allocations of 1 or 2 RBs

	Allocation size (RBs)
	Granularity
	Combinations
	Cumulative combinations
	Cumulative bits

	1
	1
	55
	55
	6

	2
	1
	1485
	1540
	11

	3
	2
	378
	1918
	11

	4
	2
	378
	2296
	12

	5
	2
	3276
	5572
	13

	6
	4
	91
	5663
	13

	7
	4
	91
	5754
	13

	8
	4
	91
	5845
	13

	9
	4
	364
	6209
	13

	10
	4
	364
	6573
	13

	11
	4
	364
	6937
	13

	12
	4
	364
	7301
	13


Table 4: Example of resource allocations to be supported with message size A and system bandwidth 55 RBs

The same approach is shown in Table 5 for a system bandwidth of 110 RBs

	Allocation size (RBs)
	Granularity
	Combinations
	Cumulative combinations
	Cumulative bits

	1
	1
	110
	110
	7

	2
	1
	5995
	6105
	13

	3
	2
	1485
	7590
	13

	4
	4
	28
	7618
	13

	5
	4
	378
	7996
	13


Table 5: Example of resource allocations to be supported with message size A and system bandwidth 110 RBs

Further examples are given in the Annex.

This approach can be generalized (e.g. converted to a formula), so that for a given message size and system bandwidth the range of allocation sizes supported and the applicable granularities can be straightforwardly determined. 

We note that UE complexity is increased if the UE needs to carry out more blind decodings to receive PDCCH messages. Therefore it will be preferable to minimize the number of different message sizes. On the other hand use of format bits to indicate different message contents has a low complexity overhead.  

3 Conclusion

In this document we have shown how a limited set of message sizes can be used to signal resource allocation in any system bandwidth. The method has the following features:

· For a given message size the interpretation of the RB assignment field would depend on the system bandwidth. 

· The allocation method is designed to give priority to small resource allocations

· It can be realized in straightforward way with a combinatorial approach, but other methods could also be adapted  

· The message sizes can be made to map easily onto the numbers of CCEs envisaged for the PDCCH

· The number of different message sizes that the UE needs to blindly detect at any one time should be kept to a minimum
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Annex: Further Examples

	Allocation size (RBs)
	Granularity
	Combinations
	Cumulative combinations
	Cumulative bits

	1
	1
	55
	55
	6

	2
	1
	1485
	1540
	11

	3
	1
	26235
	27775
	15

	4
	1
	341055
	368830
	19

	5
	1
	3478761
	3847591
	22

	6
	1
	28989675
	32837266
	25

	7
	1
	202927725
	235764991
	28

	8
	1
	1217566350
	1453331341
	31

	9
	1
	6358402050
	7811733391
	33

	10
	1
	29248649430
	37060382821
	36

	11
	1
	1.19654E+11
	1.56714E+11
	38

	12
	1
	4.3873E+11
	5.95444E+11
	40

	13
	1
	1.45118E+12
	2.04663E+12
	41

	14
	1
	4.35355E+12
	6.40018E+12
	43

	15
	2
	3108105
	6.40018E+12
	43

	16
	2
	3108105
	6.40018E+12
	43

	17
	2
	6906900
	6.40019E+12
	43

	18
	2
	6906900
	6.4002E+12
	43

	19
	2
	13123110
	6.40021E+12
	43

	20
	2
	13123110
	6.40022E+12
	43

	21
	2
	21474180
	6.40024E+12
	43

	22
	2
	21474180
	6.40026E+12
	43

	23
	2
	30421755
	6.4003E+12
	43

	24
	2
	30421755
	6.40033E+12
	43

	25
	2
	37442160
	6.40036E+12
	43

	26
	2
	37442160
	6.4004E+12
	43

	27
	2
	40116600
	6.40044E+12
	43

	28
	2
	40116600
	6.40048E+12
	43

	29
	2
	37442160
	6.40052E+12
	43

	30
	2
	37442160
	6.40056E+12
	43

	31
	2
	30421755
	6.40059E+12
	43

	32
	2
	30421755
	6.40062E+12
	43

	33
	2
	21474180
	6.40064E+12
	43

	34
	2
	21474180
	6.40066E+12
	43

	35
	2
	13123110
	6.40067E+12
	43

	36
	2
	13123110
	6.40069E+12
	43

	37
	2
	6906900
	6.40069E+12
	43

	38
	2
	6906900
	6.4007E+12
	43

	39
	2
	3108105
	6.4007E+12
	43

	40
	2
	3108105
	6.40071E+12
	43

	41
	1
	4.35355E+12
	1.07543E+13
	44

	42
	1
	1.45118E+12
	1.22054E+13
	44

	43
	1
	4.3873E+11
	1.26442E+13
	44

	44
	1
	1.19654E+11
	1.27638E+13
	44

	45
	1
	29248649430
	1.27931E+13
	44

	46
	1
	6358402050
	1.27994E+13
	44

	47
	1
	1217566350
	1.28006E+13
	44

	48
	1
	202927725
	1.28008E+13
	44

	49
	1
	28989675
	1.28009E+13
	44

	50
	1
	3478761
	1.28009E+13
	44

	51
	1
	341055
	1.28009E+13
	44

	52
	1
	26235
	1.28009E+13
	44

	53
	1
	1485
	1.28009E+13
	44

	54
	1
	55
	1.28009E+13
	44

	55
	1
	1
	1.28009E+13
	44


Table A1: Example of resource allocations to be supported with message size B1 and system bandwidth 55 RBs

	Allocation size (RBs)
	Granularity
	Combinations
	Cumulative combinations
	Cumulative bits

	1
	1
	55
	55
	6

	2
	1
	1485
	1540
	11

	3
	1
	26235
	27775
	15

	4
	1
	341055
	368830
	19

	5
	1
	3478761
	3847591
	22

	6
	1
	28989675
	32837266
	25

	7
	1
	202927725
	235764991
	28

	8
	1
	1217566350
	1453331341
	31

	9
	1
	6358402050
	7811733391
	33

	10
	2
	98280
	7811831671
	33

	11
	2
	376740
	7812208411
	33

	12
	2
	376740
	7812585151
	33

	13
	2
	1184040
	7813769191
	33

	14
	2
	1184040
	7814953231
	33

	15
	2
	3108105
	7818061336
	33

	16
	2
	3108105
	7821169441
	33

	17
	2
	6906900
	7828076341
	33

	18
	2
	6906900
	7834983241
	33

	19
	2
	13123110
	7848106351
	33

	20
	2
	13123110
	7861229461
	33

	21
	2
	21474180
	7882703641
	33

	22
	2
	21474180
	7904177821
	33

	23
	2
	30421755
	7934599576
	33

	24
	2
	30421755
	7965021331
	33

	25
	2
	37442160
	8002463491
	33

	26
	2
	37442160
	8039905651
	33

	27
	2
	40116600
	8080022251
	33

	28
	2
	40116600
	8120138851
	33

	29
	2
	37442160
	8157581011
	33

	30
	2
	37442160
	8195023171
	33

	31
	2
	30421755
	8225444926
	33

	32
	2
	30421755
	8255866681
	33

	33
	2
	21474180
	8277340861
	33

	34
	2
	21474180
	8298815041
	33

	35
	2
	13123110
	8311938151
	33

	36
	2
	13123110
	8325061261
	33

	37
	2
	6906900
	8331968161
	33

	38
	2
	6906900
	8338875061
	33

	39
	2
	3108105
	8341983166
	33

	40
	2
	3108105
	8345091271
	33

	41
	2
	1184040
	8346275311
	33

	42
	2
	1184040
	8347459351
	33

	43
	2
	376740
	8347836091
	33

	44
	2
	376740
	8348212831
	33

	45
	2
	98280
	8348311111
	33

	46
	2
	98280
	8348409391
	33

	47
	2
	20475
	8348429866
	33

	48
	1
	202927725
	8551357591
	33

	49
	1
	28989675
	8580347266
	33

	50
	1
	3478761
	8583826027
	33

	51
	1
	341055
	8584167082
	33

	52
	1
	26235
	8584193317
	33

	53
	1
	1485
	8584194802
	33

	54
	1
	55
	8584194857
	33

	55
	1
	1
	8584194858
	33


Table A2: Example of resource allocations to be supported with message size B2 and system bandwidth 55 RBs

	Size of Allocation
	Granularity
	Combinations
	Cumulative combinations
	Cumulative bits

	1
	1
	110
	110
	7

	2
	1
	5995
	6105
	13

	3
	1
	215820
	221925
	18

	4
	1
	5773185
	5995110
	23

	5
	1
	122391522
	128386632
	27

	6
	1
	2141851635
	2270238267
	32

	7
	2
	341055
	2270579322
	32

	8
	2
	341055
	2270920377
	32

	9
	2
	3478761
	2274399138
	32

	10
	2
	3478761
	2277877899
	32

	11
	2
	28989675
	2306867574
	32

	12
	2
	28989675
	2335857249
	32

	13
	2
	202927725
	2538784974
	32

	14
	2
	202927725
	2741712699
	32

	15
	2
	1217566350
	3959279049
	32

	16
	2
	1217566350
	5176845399
	33

	17
	4
	98280
	5176943679
	33

	18
	4
	98280
	5177041959
	33

	19
	4
	98280
	5177140239
	33

	20
	4
	98280
	5177238519
	33

	21
	4
	376740
	5177615259
	33

	22
	4
	376740
	5177991999
	33

	23
	4
	376740
	5178368739
	33

	24
	4
	376740
	5178745479
	33

	25
	4
	1184040
	5179929519
	33

	26
	4
	1184040
	5181113559
	33

	27
	4
	1184040
	5182297599
	33

	28
	4
	1184040
	5183481639
	33

	29
	4
	3108105
	5186589744
	33

	30
	4
	3108105
	5189697849
	33

	31
	4
	3108105
	5192805954
	33

	32
	4
	3108105
	5195914059
	33

	33
	4
	6906900
	5202820959
	33

	34
	4
	6906900
	5209727859
	33

	35
	4
	6906900
	5216634759
	33

	36
	4
	6906900
	5223541659
	33

	37
	4
	13123110
	5236664769
	33

	38
	4
	13123110
	5249787879
	33

	39
	4
	13123110
	5262910989
	33

	40
	4
	13123110
	5276034099
	33

	41
	4
	21474180
	5297508279
	33

	42
	4
	21474180
	5318982459
	33

	43
	4
	21474180
	5340456639
	33

	44
	4
	21474180
	5361930819
	33

	45
	4
	30421755
	5392352574
	33

	46
	4
	30421755
	5422774329
	33

	47
	4
	30421755
	5453196084
	33

	48
	4
	30421755
	5483617839
	33

	49
	4
	37442160
	5521059999
	33

	50
	4
	37442160
	5558502159
	33

	51
	4
	37442160
	5595944319
	33

	52
	4
	37442160
	5633386479
	33

	53
	4
	40116600
	5673503079
	33

	54
	4
	40116600
	5713619679
	33

	55
	4
	40116600
	5753736279
	33

	56
	4
	40116600
	5793852879
	33

	57
	4
	37442160
	5831295039
	33

	58
	4
	37442160
	5868737199
	33

	59
	4
	37442160
	5906179359
	33

	60
	4
	37442160
	5943621519
	33

	61
	4
	30421755
	5974043274
	33

	62
	4
	30421755
	6004465029
	33

	63
	4
	30421755
	6034886784
	33

	64
	4
	30421755
	6065308539
	33

	65
	4
	21474180
	6086782719
	33

	66
	4
	21474180
	6108256899
	33

	67
	4
	21474180
	6129731079
	33

	68
	4
	21474180
	6151205259
	33

	69
	4
	13123110
	6164328369
	33

	70
	4
	13123110
	6177451479
	33

	71
	4
	13123110
	6190574589
	33

	72
	4
	13123110
	6203697699
	33

	73
	4
	6906900
	6210604599
	33

	74
	4
	6906900
	6217511499
	33

	75
	4
	6906900
	6224418399
	33

	76
	4
	6906900
	6231325299
	33

	77
	4
	3108105
	6234433404
	33

	78
	4
	3108105
	6237541509
	33

	79
	4
	3108105
	6240649614
	33

	80
	4
	3108105
	6243757719
	33

	81
	4
	1184040
	6244941759
	33

	82
	4
	1184040
	6246125799
	33

	83
	4
	1184040
	6247309839
	33

	84
	4
	1184040
	6248493879
	33

	85
	4
	376740
	6248870619
	33

	86
	4
	376740
	6249247359
	33

	87
	4
	376740
	6249624099
	33

	88
	4
	376740
	6250000839
	33

	89
	4
	98280
	6250099119
	33

	90
	4
	98280
	6250197399
	33

	91
	4
	98280
	6250295679
	33

	92
	4
	98280
	6250393959
	33

	93
	4
	20475
	6250414434
	33

	94
	4
	20475
	6250434909
	33

	95
	4
	20475
	6250455384
	33

	96
	4
	20475
	6250475859
	33

	97
	2
	28989675
	6279465534
	33

	98
	2
	28989675
	6308455209
	33

	99
	2
	3478761
	6311933970
	33

	100
	2
	3478761
	6315412731
	33

	101
	2
	341055
	6315753786
	33

	102
	2
	341055
	6316094841
	33

	103
	2
	26235
	6316121076
	33

	104
	1
	2141851635
	8457972711
	33

	105
	1
	122391522
	8580364233
	33

	106
	1
	5773185
	8586137418
	33

	107
	1
	215820
	8586353238
	33

	108
	1
	5995
	8586359233
	33

	109
	1
	110
	8586359343
	33

	110
	1
	1
	8586359344
	33


Table A4: Example of resource allocations to be supported with message size B2 and system bandwidth 110 RBs

