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1 Introduction

To support high bit rates, RLC PDU size was agreed to be flexible. The RLC PDU size can vary from three bytes (with one-byte payload data) to the maximum PDU size. To cover a RLC SDU granularity of one byte and to cover the case that an RLC PDU may contain an RLC SDU of the maximum possible TCP packet size, i.e., 1518 bytes, at least 11 bits is expected for the LENGTH field in MAC-hs PDU header.
In this paper we present a Smart Cut scheme to reduce the required number of flexible PDU sizes for RLC SDU granularity of one byte so that overhead for LENGTH field in MAC-hs PDU header can be reduced.

2 RLC SDU segmentation
2.1 Blind-cut segmentation

To eliminate padding, a simple and straightforward method for concatenation and segmentation has been proposed [1], as illustrated by Figure 1. The concatenated SDUs are segmented with the maximum PDU size until what is left for the last segment. Note that this method does not change the current RLC header format. The only change required is to allow RLC to transmit and receive PDUs with flexible sizes. It is clear that every possible number that is less than or equal to maximum PDU size and larger than the PDU header size must be covered in the list of allowed PDU sizes. We call this kind of segmentation as a Blind Cut scheme.
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Figure 1: Blind-cut segmentation.

Even without concatenation, the number of allowed flexible PDU sizes is exactly the same. 

2.2 Smart-cut segmentation
2.2.1 Smart cut scheme

RLC SDUs are concatenated and segmented as the blind cut scheme until the last two PDUs. In other words, all RLC PDUs have the maximum size except the last two. Please refer to Figure 2. Maximum size is used for all RLC PDUs except the last two RLC PDUs (PDU #2 and PDU #3 in Figure 2). To segment the last two RLC PDUs, the second last PDU does not necessarily have a size of the maximum PDU size. Instead, the size of the last second PDU is chosen smartly so that the last two PDUs belong to some reduced set of allowed sizes of the last PDUs respectively. This is called Smart Cut scheme in this document. 



Figure 2: Smart-cut Segmentation
If the lists of allowed RLC PDU sizes for the last two PDUs are chosen properly, the Smart Cut scheme can cover any number of data bytes left for the last two RLC PDUs, while the number of the allowed RLC PDU sizes can be reduced by a factor of 2 to 10 compared with the Blind cut scheme. How to choose the list of allowed RLC PDU sizes is independent to the Smart Cut method and is illustrated below as an example.
Note that the smart cut scheme is not limited to the case that RLC SDUs are concatenated. It works equally well for RLC SDUs that are not concatenated.

2.2.2 Choice of allowed RLC PDU sizes for Smart Cut

Let N = Maximum RLC PDU Size. Suppose the total size of the last two RLC PDUs are N + m, where 2 < m < N for AMD PDUs. Note that when m = N, the available data perfectly fits the Maximum RLC PDU Size and the segmentation is done. Therefore, the number of allowed RLC PDU sizes would be N – 2.
Let k = N – m, where k represents number of bytes less than fully filled RLC PDUs with Maximum RLC PDU Size. With the Smart Cut scheme as described above, we distribute k between the last two RLC PDUs, say, k= k1 + k2, so that the sizes of the last two RLC PDUs is N1 = N – k1 and N2 =N – k2 respectively, where k1 and k2 are chosen from two respective columns derived from the list of allowed RLC PDU sizes.
For example, suppose Maximum RLC PDU Size is 42, i.e. N = 42. With Blind Cut scheme, number of allowed RLC PDU sizes is 42 – 2 = 40, which need 6 bits to represent. With Smart Cut scheme, we can choose a list of allowed RLC PDU sizes as shown in Table 1. Distributions of all possible k values are also shown in Table 1.

Note that, from Table 1, the number of the allowed RLC PDU Sizes is 11, which has a reduction factor of almost 4 compared to the blind cut scheme. In other words, the Smart cut scheme needs only 4 bits to represent the LENGTH field, while the Blind cut scheme needs 6 bits.

	Allowed RLC PDU Sizes, ni
	Allowed k1
	Allowed k2
	N
	m
	k = N – m
	k1
	k2
	Sizes of the last two RLC PDUs

(N1, N2)

	42
	0
	0
	42
	41
	1
	1
	0
	(41, 42)

	41
	1
	1
	42
	40
	2
	2
	0
	(40, 42)

	40
	2
	2
	42
	39
	3
	3
	0
	(39, 42)

	39
	3
	3
	42
	38
	4
	4
	0
	(38, 42)

	38
	4
	4
	42
	37
	5
	5
	0
	(37, 42)

	37
	5
	5
	42
	36
	6
	6
	0
	(36, 42)

	36
	6
	6
	42
	35
	7
	6
	1
	(36, 41)

	29
	13
	
	42
	34
	8
	6
	2
	(36, 40)

	22
	20
	
	42
	33
	9
	6
	3
	(36, 39)

	15
	27
	
	42
	32
	10
	6
	4
	(36, 38)

	8
	34
	
	42
	31
	11
	6
	5
	(36, 37)

	
	
	
	42
	30
	12
	6
	6
	(36, 36)

	
	
	
	42
	29
	13
	13
	0
	(29, 42)

	
	
	
	42
	28
	14
	13
	1
	(29, 41)

	
	
	
	42
	27
	15
	13
	2
	(29, 40)

	
	
	
	42
	26
	16
	13
	3
	(29, 39)

	
	
	
	42
	25
	17
	13
	4
	(29, 38)

	
	
	
	42
	24
	18
	13
	5
	(29, 37)

	
	
	
	42
	23
	19
	13
	6
	(29, 36)

	
	
	
	42
	22
	20
	20
	0
	(22, 42)

	
	
	
	42
	21
	21
	20
	1
	(22, 41)

	
	
	
	42
	20
	22
	20
	2
	(22, 40)

	
	
	
	42
	19
	23
	20
	3
	(22, 39)

	
	
	
	42
	18
	24
	20
	4
	(22, 38)

	
	
	
	42
	17
	25
	20
	5
	(22, 37)

	
	
	
	42
	16
	26
	20
	6
	(22, 36)

	
	
	
	42
	15
	27
	27
	0
	(15, 42)

	
	
	
	42
	14
	28
	27
	1
	(15, 41)

	
	
	
	42
	13
	29
	27
	2
	(15, 40)

	
	
	
	42
	12
	30
	27
	3
	(15, 39)

	
	
	
	42
	11
	31
	27
	4
	(15, 38)

	
	
	
	42
	10
	32
	27
	5
	(15, 37)

	
	
	
	42
	9
	33
	27
	6
	(15, 36)

	
	
	
	42
	8
	34
	34
	0
	(8, 42)

	
	
	
	42
	7
	35
	34
	1
	(8, 41)

	
	
	
	42
	6
	36
	34
	2
	(8, 40)

	
	
	
	42
	5
	37
	34
	3
	(8, 39)

	
	
	
	42
	4
	38
	34
	4
	(8, 38)

	
	
	
	42
	3
	39
	34
	5
	(8, 37)


Table 1: Example for Maximum RLC PDU size = 42

Systematic Method of deciding allowed PDU sizes for any maximun PDU size
Choice of allowed RLC PDU sizes for a particular Maximum RLC PDU Size, N, is not unique. One systematic method is presented below as an example. Further optimization is possible and is left FFS.

Set p = the maximum integer that is less than square root of N. In mathematical form, p = roof (square root (N) – 1). The set of allowed k1 values as in Table 1 is {0, 1, 2, …, p, 2(p+1) –1, 3(p+1) –1, 4(p+1) –1, 5(p+1) –1, … } The upper bound of k1, k1max, is the minimum k1 value satisfying k1 ≧ N – p – size of RLC PDU header – 1.

Table 2 shows some examples of allowed k1 and k2 values, which determined allowed RLC PDU sizes, for various Maximum RLC PDU Sizes. One can note that for N= 42, 64 and 128, the LENGTH field in the MAC-hs header reduces 2 bits. For N = 256, 3 bits are saved (from 8 bits for 256 to 5 bits for 30).

	N
	42
	64
	128
	256

	p 
	6
	7
	11
	15

	Item
	N –ki 
	k1
	k2
	N –ki 
	k1
	k2
	N –ki 
	k1
	k2
	N –ki 
	k1
	k2

	1
	42
	0
	0
	64
	0
	0
	128
	0
	0
	256
	0
	0

	2
	41
	1
	1
	63
	1
	1
	127
	1
	1
	255
	1
	1

	3
	40
	2
	2
	62
	2
	2
	126
	2
	2
	254
	2
	2

	4
	39
	3
	3
	61
	3
	3
	125
	3
	3
	253
	3
	3

	5
	38
	4
	4
	60
	4
	4
	124
	4
	4
	252
	4
	4

	6
	37
	5
	5
	59
	5
	5
	123
	5
	5
	251
	5
	5

	7
	36
	6
	6
	58
	6
	6
	122
	6
	6
	250
	6
	6

	8
	29
	13
	
	57
	7
	7
	121
	7
	7
	249
	7
	7

	9
	22
	20
	
	49
	15
	
	120
	8
	8
	248
	8
	8

	10
	15
	27
	
	41
	23
	
	119
	9
	9
	247
	9
	9

	11
	8
	34
	
	33
	31
	
	118
	10
	10
	246
	10
	10

	12
	
	
	
	25
	39
	
	117
	11
	11
	245
	11
	11

	13
	
	
	
	17
	47
	
	105
	23
	
	244
	12
	12

	14
	
	
	
	9
	55
	
	93
	35
	
	243
	13
	13

	15
	
	
	
	
	
	
	81
	47
	
	242
	14
	14

	16
	
	
	
	
	
	
	69
	59
	
	241
	15
	15

	17
	
	
	
	
	
	
	57
	71
	
	225
	31
	

	18
	
	
	
	
	
	
	45
	83
	
	209
	47
	

	19
	
	
	
	
	
	
	33
	95
	
	193
	63
	

	20
	
	
	
	
	
	
	21
	107
	
	177
	79
	

	21
	
	
	
	
	
	
	9
	119
	
	161
	95
	

	22
	
	
	
	
	
	
	
	
	
	145
	111
	

	23
	
	
	
	
	
	
	
	
	
	129
	127
	

	24
	
	
	
	
	
	
	
	
	
	113
	143
	

	25
	
	
	
	
	
	
	
	
	
	97
	159
	

	26
	
	
	
	
	
	
	
	
	
	81
	175
	

	27
	
	
	
	
	
	
	
	
	
	65
	191
	

	28
	
	
	
	
	
	
	
	
	
	49
	207
	

	29
	
	
	
	
	
	
	
	
	
	33
	223
	

	30
	
	
	
	
	
	
	
	
	
	17
	239
	


Table 2: Examples for lists of allowed RLC PDU sizes

For the case of maximun PDU size = 1518+2 = 1520, according to the method above, we have p = 38, {k2} = {0,1,2, …, 38} and {k1} = { 0, 1, …, 38, 2*39 – 1, …, 38*39–1=1481}. Thus, the number of allowed PDU sizes is 39 + (38–1) = 76, which needs 7 bits to represent. Compared to blind cut scheme, 4 bits per RLC PDU are saved in the LENGTH field of the MAC-hs PDU header.

3 Discussion

The smart cut scheme works only for a payload of length at least greater than the maximum RLC PDU size. Specifically, for one or multiple RLC SDUs that can be accommodated in one RLC PDU, the smart cut scheme does not work. To solve this issue, this situation can be indicated by a flag of one bit or by a reserved value of another field. Note that it is possible to use the reserved value of 2-bit SI (Segment Indication) field to indicate that the RLC PDU is a last segment and there is only one RLC PDU in the logical channel. With this reserved value, the overhead in the case that there is only one RLC PDU to transmit in a logical channel is unchanged. Otherwise, 2 to 4 bits per RLC PDU are saved in the MAC header. 

4 Conclusion

A smart cut scheme and a systematic method to decide the allowed PDU sizes have been presented. The analysis shows that 2 to 4 bits can be saved per MAC-hs SDU. Note that with multiplexing in MAC so that a MAC-hs contains multiple RLC PDUs, the number of saved bits also increased accordingly. If the gain of the smart cut scheme is confirmed, we propose the following:

1. RLC entity supports the smart cut scheme for high data rates.
2. A systematic method like the one presented in section 2.2.2 is used to decide the list of allowed RLC PDU sizes for the smart cut scheme so that no higher layer signaling is needed for the list of allowed RLC PDU sizes.
3. The reserved value for SI field is used to indicate that the MAC SDU is a last SDU segment and the logical channel only contains one RLC PDU so that original LENGTH field length (11 bits or more) is used. Otherwise, the reduced LENGTH field length for the smart cut is used.
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