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Burst size signaling
Tom Harel, Yuval Lomnitz，Changlong Xu
Intel
1. Overview and motivation

The following parameters have to be signaled in the Map
 in order to decode (in DL) or encode (in UL) a burst:
1. Size of the allocation: number of allocated LRUs, number of data tones in each of them (after removing pilot overhead, type-1 or 2 sub-frame etc.) and the rate of the MIMO encoder
2. Size of the burst

3. Modulation order

4. HARQ parameters: starting point, CoRe version, AI_SN, ACID, etc.
This contribution discusses the signaling of burst’s size and the modulation order, assuming the allocation size is already known. Signaling of other burst parameters is out of scope.
The method used in 16e is signaling of MCS (Modulation and Coding Scheme). This scheme has some drawbacks, and it is less suitable for the advanced features of 16m: rate-matching and adaptive HARQ. We propose an alternative signaling scheme that solves these problems, and also address the question of the appropriate number of bits for signaling the burst size (or MCS).

1.1. Usage of MCS: its advantages and drawbacks

MCS signaling means that there are a small number of pairs of code-rate (R) and modulation order (M), and the signaling in the Map selects one of them. Knowing the allocation size, in terms of number of QAM symbols, the burst size is computed as: 
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 for the selected pair (R, M).
Pros of MCS signaling:

1. It compresses the burst size based on knowledge of the allocation size (e.g. a small burst size with huge allocation size is ineligible)
2. It allows simple link adaptation if one assumes that PHY performance (e.g. PER) depends only on modulation order and code rate.
Cons:

The main problem with MCS signaling is that the set of possible burst sizes depend on allocation size. For example, in 16e, burst size of 45 bytes is possible only if 5 slots are allocated. Therefore:

1. Difficult or even impossible to avoid padding
· For large burst size, padding is avoided by fragmentation or concatenation of PDUs. However, this requires the MAC layer to be aware of momentary scheduling and link adaptation decisions, which make it a difficult problem.

· For small burst size, or latency limited applications (VoIP, gaming), the PDU size actually comes from higher layers and padding is inevitable. Having small number of burst sizes, independent on allocation size, allows designing for these sizes, and more independence of PHY and MAC operation. See Example 1.
2. In adaptive HARQ it might be impossible to signal the same burst size for different allocation size (assuming burst size should be signaled in the re-transmission, i.e. successful reception of first Map IE is not assumed guaranteed).
Example 1 - Complication of scheduling decisions with MCS signaling

Taking the 16e design as example (see Appendix 2), suppose that a burst size is 24B and the SNR supports QPSK ½-¾, then it has to be transmitted on 4 slots. If there are 5 slots available then it can be sent in QPSK ½ (6 bytes padding) and if there are 3 slots it can be sent with QPSK ¾ (3B padding). I.e. there is a strong relation between padding and allocation size which complicate the scheduling optimization. On the other hand if 24B were transmittable without padding on both 3,4,5 slots it would ease the scheduling decision by allowing flexibility in the resource splitting between bursts without large sacrifice in padding. This issue is more severe in 16m due to rate matching and non-fixed slot size in subcarriers: i.e. with fixed MCS, the burst sizes supported in different modes will be different (e.g. different MIMO modes, shortened subframes, DL/UL, etc).
In addition, the advantage of simple link adaptation is questionable. In practice, the PHY performance strongly depends on parameters like burst (/allocation) size as well as other parameters. Therefore the simple link adaptation that takes into account only the MCS is inaccurate enough, and further inaccuracy from slightly changing the code rate has small effect.
Furthermore, as shown below, due to H-ARQ the spectral efficiency weakly depends on the initial MCS, so we can say that being able to accurately specify a given code rate is not an important design consideration, and the loss in spectral efficiency due to padding is larger than the loss due to inaccuracy in the MCS. A consequence of this understanding is that even if MCS signaling is used, the gap between different MCS should be based on the consideration of padding (constant ratio between overall coding rates) rather than the consideration of link adaptation (constant SNR offset).
1.1.1. Considerations for MCS table size
One consideration for the number of different MCSs is to allow efficient link adaptation. A relatively small number of different MCSs (11 and 16 are reasonable) is needed for link adaptation because of the following reasons:

1. Link adaptation measurement errors: the link adaptation cannot be very accurate since it relies on noisy measurements of signal and interference, and they are not up-to-date (delay of at least 1 frame can be assumed). In addition, the PHY performance depends on many factors like the interference pattern, the burst size and more, and it is impossible accurately take into account all of these factors.
2. Performance measures like spectral efficiency in the presence of HARQ are not very sensitive to MCS selection. The HARQ serves as fast link adaptation, and hides link adaptation mismatches. This is shown in Figure ‎0‑1 where a large overlap area between the spectral efficiency curves of various MCS-s is observed.


[image: image2]
Figure ‎1‑1  - Spectral efficiency for some MCSs
Another consideration for the size of the MCS table is the padding needed. This is shown in Example 1.
Example 2 - padding because of MCS resolution
Lets say that there are 16 different MCSs, where the first one is rate 1/12 QPSK and the last one is rate 5/6 64-QAM. So for a given allocation size, the ratio between the largest and smallest burst sizes that can be signaled is 30. If the ratio between the burst sizes of two consequent MCSs is a constant then the ratio between two consequent sizes is
 
[image: image3.wmf]1

16

16

5

6

6

301.24

1

2

12

æö

×

ç÷

==

ç÷

×

èø


Assume that the burst size before padding (the amount of information) is random. It means average of 12% overhead for padding. Adding 1 bit to the Map, the padding overhead becomes 6%.
1.1.2. Further discussion of padding

Adding padding bits because the amount of information doesn’t fit the possible burst sizes has its price in two aspects: it wastes BW for transmission of dummy padding bits and it increases the error probability (probability of misdetection of the padding bits).
The first cause of padding is that high layers don’t fit the message sizes to the burst sizes supported in the PHY layer. With MCS signaling it is almost impossible to make this fit, since the set of possible burst sizes depends on scheduler and link-adaptation and changes quickly.

With MCS signaling and the rate-matching proposed for 16m, there are two sources for limiting the supported burst sizes at PHY layer:
1. The set of FEC block sizes

2. MCS granularity
It is desirable that these two limiting factors would be somewhat balanced. Current proposals suggest very large table of FEC block sizes (150 sizes between 6 and 600 bytes) but a small MCS table with 16 entries, which is extremely un-balanced: MCS granularity will cause a lot of padding even though the message size exactly fits one of the FEC block sizes.

2. Proposed burst size and modulation order signaling (Option 1) 
2.1. Overview

Our proposal is composed of the following components:

1. A fixed and relatively small table of possible burst sizes

2. For a specific burst signaled in the map the burst size is determined as follows:

a. The number of allocated LRU-s chooses an offset into this table

b. Additional 5 bits define the location in the table with respect to this offset.

The concept is that we would like to have a fixed table of burst sizes independent of allocation size, and at the same time we would like to compress the burst size information by utilizing the relation between burst size and allocation size (as in MCS signaling).

2.2. Burst size table

Only the burst sizes listed in Table 1 are supported in PHY layer. These sizes include the addition of CRC (per burst and per FEC block) when applicable. Other sizes require padding to the next burst size.
Table 1 - Burst sizes

	idx
	Size (bytes)
	Segmentation Rule
	idx
	Size (bytes)
	Segmentation Rule
	idx
	Size (bytes)
	Segmentation Rule

	1
	6
	-
	23
	90
	-
	45
	1200
	2x600

	2
	8
	-
	24
	100
	-
	46
	1416
	3x472

	3
	9
	-
	25
	114
	-
	47
	1584
	3x528

	4
	10
	-
	26
	128
	-
	48
	1800
	3x600

	5
	11
	-
	27
	145
	-
	49
	1888
	4x472

	6
	12
	-
	28
	164
	-
	50
	2112
	4x528

	7
	13
	-
	29
	181
	-
	51
	2400
	4x600

	8
	15
	-
	30
	205
	-
	52
	2640
	5x528

	9
	17
	-
	31
	233
	-
	53
	3000
	5x600

	10
	19
	-
	32
	262
	-
	54
	3600
	6x600

	11
	22
	-
	33
	291
	-
	55
	4200
	7x600

	12
	25
	-
	34
	328
	-
	56
	4800
	8x600

	13
	27
	-
	35
	368
	-
	57
	5400
	9x600

	14
	31
	-
	36
	416
	-
	58
	6000
	10x600

	15
	36
	-
	37
	472
	-
	59
	6600
	11x600

	16
	40
	-
	38
	528
	-
	60
	7200
	12x600

	17
	44
	-
	39
	600
	-
	61
	7800
	13x600

	18
	50
	-
	40
	656
	2x328
	62
	8400
	14x600

	19
	57
	-
	41
	736
	2x368
	63
	9600
	16x600

	20
	64
	-
	42
	832
	2x416
	64
	10800
	18x600

	21
	71
	-
	43
	944
	2x472
	65
	12000
	20x600

	22
	80
	-
	44
	1056
	2x528
	66
	14400
	24x600


Properties of the proposed table:

1. Sizes between 6 bytes and 600 bytes are subset of the FEC block sizes table proposed by Jerry Pi
2. Only 39 different FEC block sizes are needed

3. All burst sizes that are larger than 600 bytes are segmented to FEC blocks of one size, so the segmentation (/concatenation) rule is the simplest possible and maximal coding gain is achieved

4. The table was constructed by using approximately exponential growth of the sizes, similar to the behavior of MCS signaling when the allocation becomes larger. Each size is about 12% larger than the one before it.
2.3. Burst size signaling

Using a minimal and maximal code rate for a transmission, the set of possible burst sizes, given a specific allocation size, is only a subset of the sizes in Table 1. Therefore, burst size can be signaled by less than 7 bits needed to index this table.
Instead of MCS, the Map IE that describes a burst includes a 5 bits burst size parameter
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. The MS knows the allocation size, in terms of number of LRUs (slots) multiplied by the MIMO rate that are allocated for the burst
. It calculates the parameter 
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 according to Table 2 (
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 = Min index). The burst size index is then calculated as:
(1)
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Table 2 - Minimal size index as function of number of allocated LRUs

	Alloc.
size
	Min
index
	Alloc.
size
	Min
index
	Alloc.
size
	Min
index
	Alloc.
size
	Min
index
	Alloc.
size
	Min
index
	Alloc.
size
	Min
index

	1
	1
	33
	21
	65
	27
	97
	30
	129
	32
	161
	34

	2
	1
	34
	21
	66
	27
	98
	30
	130
	32
	162
	34

	3
	1
	35
	21
	67
	27
	99
	30
	131
	32
	163
	34

	4
	2
	36
	22
	68
	27
	100
	30
	132
	33
	164
	34

	5
	4
	37
	22
	69
	27
	101
	30
	133
	33
	165
	35

	6
	6
	38
	22
	70
	27
	102
	30
	134
	33
	166
	35

	7
	8
	39
	22
	71
	27
	103
	31
	135
	33
	167
	35

	8
	9
	40
	22
	72
	27
	104
	31
	136
	33
	168
	35

	9
	10
	41
	23
	73
	28
	105
	31
	137
	33
	169
	35

	10
	11
	42
	23
	74
	28
	106
	31
	138
	33
	170
	35

	11
	11
	43
	23
	75
	28
	107
	31
	139
	33
	171
	35

	12
	12
	44
	23
	76
	28
	108
	31
	140
	33
	172
	35

	13
	13
	45
	23
	77
	28
	109
	31
	141
	33
	173
	35

	14
	14
	46
	24
	78
	28
	110
	31
	142
	33
	174
	35

	15
	14
	47
	24
	79
	28
	111
	31
	143
	33
	175
	35

	16
	15
	48
	24
	80
	28
	112
	31
	144
	33
	176
	35

	17
	15
	49
	24
	81
	28
	113
	31
	145
	33
	177
	35

	18
	15
	50
	24
	82
	28
	114
	31
	146
	34
	178
	35

	19
	16
	51
	25
	83
	29
	115
	31
	147
	34
	179
	35

	20
	16
	52
	25
	84
	29
	116
	31
	148
	34
	180
	35

	21
	17
	53
	25
	85
	29
	117
	32
	149
	34
	181
	35

	22
	17
	54
	25
	86
	29
	118
	32
	150
	34
	182
	35

	23
	18
	55
	25
	87
	29
	119
	32
	151
	34
	183
	35

	24
	18
	56
	25
	88
	29
	120
	32
	152
	34
	184
	35

	25
	18
	57
	25
	89
	29
	121
	32
	153
	34
	185
	36

	26
	19
	58
	26
	90
	29
	122
	32
	154
	34
	186
	36

	27
	19
	59
	26
	91
	30
	123
	32
	155
	34
	187
	36

	28
	19
	60
	26
	92
	30
	124
	32
	156
	34
	188
	36

	29
	20
	61
	26
	93
	30
	125
	32
	157
	34
	189
	36

	30
	20
	62
	26
	94
	30
	126
	32
	158
	34
	190
	36

	31
	20
	63
	26
	95
	30
	127
	32
	159
	34
	191
	36

	32
	20
	64
	26
	96
	30
	128
	32
	160
	34
	192
	36


· Note: We assume LRU nominal size of 18x6 tones including pilots. Small changes in LRU size don’t require any change. Other tables can be defined to support significantly different LRU sizes if needed.

The burst size signaling, using Table 1, Table 2 and Equation 1, has the following properties:
1. Minimal spectral efficiency
 for each allocation size (except 1 or 2 LRUs, where minimal spectral efficiency is the result of the minimal burst (/FEC block) size) is at most 0.168, or equivalently the minimal code rate for QPSK is ≤ 1/12.5 (actually this was the design principle for construction of Table 2).

2. Maximal spectral efficiency for each allocation size is least 5.36, or equivalently the maximal code rate for 64-QAM is ≥ 8/9.
3. Between the minimal and maximal spectral efficiency (with code rate ≤ 1) there are 31 different sizes, which allow minimizing of the padding. The burst size resolution for small bursts is 1 byte and is larger for larger bursts.

4. The table is a function of the allocation size in LRU-s rather than the actual number of subcarriers which may vary (due to MIMO, number of pilots, etc). This is done for simplicity.

5. All of the burst sizes in the table, which are within the range of minimal and maximal spectral efficiency, are possible. This contrasts the case of MCS signaling, where different set burst sizes is supported for each allocation size. This enables better separation between PHY and MAC operation.
2.4. Rule for modulation order

The modulation order M (2 for QPSK, 4 for 16-QAM and 6 for 64-QAM) depends on the parameter 
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 according to Table 3 rule. Allocation size of 1 or 2 LRUs are special cases (separate columns in the table). For allocation of at least 3 LRUs the modulation order depends only on 
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Table 3 - Rule for modulation order
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	M (allocation size ≥ 3)
	M (allocation size = 2)
	M (allocation size = 1)
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	M (allocation size ≥ 3)
	M (allocation size = 2)
	M (allocation size = 1)

	0
	2
	2
	2
	16
	2
	4
	6

	1
	2
	2
	2
	17
	2
	4
	6

	2
	2
	2
	2
	18
	2
	4
	6

	3
	2
	2
	2
	19
	4
	4
	6

	4
	2
	2
	2
	20
	4
	4
	6

	5
	2
	2
	2
	21
	4
	4
	6

	6
	2
	2
	2
	22
	4
	6
	6

	7
	2
	2
	2
	23
	4
	6
	6

	8
	2
	2
	2
	24
	6
	6
	6

	9
	2
	2
	2
	25
	6
	6
	6

	10
	2
	2
	4
	26
	6
	6
	6

	11
	2
	2
	4
	27
	6
	6
	6

	12
	2
	2
	4
	28
	6
	6
	6

	13
	2
	2
	4
	29
	6
	6
	6

	14
	2
	2
	4
	30
	6
	6
	6

	15
	2
	2
	4
	31
	6
	6
	6


Table 3 was constructed based on the following rule for modulation order as function of spectral efficiency (applied only approximately):

Table 4 - Modulation order design principle

	Spectral efficiency
	Modulation order

	0 ≤ SE ≤ 1.5
	2

	1.5 < SE ≤ 3
	4

	3 < SE
	6


� Sometimes called A-Map or USCCH


� For example, the size of an allocation of 2 LRUs with 4 streams spatial multiplexing is 2*4=8. In case of 2 LRUs and SFBC, the size is 2.


� Spectral efficiency here includes the modulation order, code-rate (ratio between information size and number of coded bits transmitted) and pilot overhead.
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