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1.
Introduction
At the last RAN2 meeting, it was informally agreed that the number of bits available to signal the transport block size on the E-DPCCH would not be sufficient to support a set fine enough to provide limited padding overhead for arbitrary payloads. It would therefore make sense to try to match the set of TB sizes to the most commonly used MAC-d PDU sizes.
In this document we are proposing a relatively generic method for defining a TB set size and we propose a concrete example of a TBS set each for 2 and 10ms TTI, using a 336 bit RLC PDU size. This set was designed to support efficiently a RAB combination, where the DCCH, as well as 336 and 656 bit RLC PDU PS bearers are mapped on the E-DCH. 

Note that the method used assumes that the logical channel information (C/T field) is not sent with each PDU. Also, in the examples below we do not take into account of the potential presence of uplink scheduling information in the header, as it is not yet clear how much information it would represent, how often it would sent, etc.
2.
Baseline TB sizes
The general idea for generating the baseline TB size set is to consider every multiple of the base MAC-d PDU size and to increase the increment by a MAC-d PDU size when the average case padding, i.e. (increment – MAC-d PDU size)/2 represents less than 2% of the total payload size. Based on this method, the average overhead across all cases resulting from using the TB size set is less than 2%.
2.1
10ms TTI

According to the discussions in RAN WG1, for the 10ms TTI case it is expected to need to support data-rates up to 2Mbps. This corresponds to TB sizes going from 0 to 20000 bits. Based on this and on the method outlined above, we generated the base-line TB size set (see Annex A). This set is made up of 41 TB sizes. There are therefore another 23 left. These will be allocated below in order to increase the flexibility of allocating the MAC-e header size in particularly severe scenarios (small TB sizes).
Note that in generating the TB sizes we also made sure to transition to the 2*336bit TB size increment in such a way that the subsequent TB sizes also divide well by 2*336 bits. This ensures better performance when using the 656 bits PDU size (see more detail in section X below).

2.2
2ms TTI

According to the discussions in RAN WG1, for the 2ms TTI case it is expected to need to support data-rates up to 4Mbps. This corresponds to TB sizes going from 0 to 8000 bits. Based on this and on the method outlined above, it turned out that we were able to cover all the multiples of the 336 bit MAC-d PDU size with just 23 sizes. This leaves another 41 in order to increase the flexibility in allocating the MAC-e header size in particularly severe scenarios (small TB sizes).
3.
Handling of the MAC-e/es header
3.1
Baseline assumption
As was explained above, we assume that the C/T field information is only sent once for a number of PDUs. Also, we make the assumption that the QID, SID and C/T field information is all jointly encoded in a single DDI field (see [1]).
According to this proposal, we would need the following information:
-
Transmission Sequence Number (TSN):
The TSN field provides the transmission sequence number on the E-DCH. The TSN field is used for reordering purposes to support in-sequence delivery to higher layers. The length of the TSN field is assumed to be 4 bits (see [2]).

-
Data description indicator (DDI):
The DDI field identifies the logical channel and the size of the MAC-d PDUs. The mapping between the DDI values and the logical channel ID and PDU size will be provided by higher layers. The length of the DDI field is assumed to be 4 bits.
-
Number of MAC-d PDUs (N):
The number of consecutive MAC-d PDUs with equal size is identified with the N field. The length of the N field is variable and depends on the TB size. 
-
Continue flag (F):
Indicates that the header will be extended in order to multiplex data corresponding to a different DDI value (MAC-d PDU size, logical channel ID, etc.) into the same transmission.

Note that as discussed in [1], it is possible that the DDI field be 5 instead of 4 bits and that the Continue Flag be eliminated altogether. For the purpose of the discussion in this document, assuming that the sum of the lengths of the TSN, DDI and F fields will be equal to 9 seems reasonable.

For the field N, we will assume that the number of bits should be such as to capture the maximum number of blocks of size 168 bits (336/2) that would fit in the TB size if only a single header is included (with a minimum of 2 bits). Note that this is not a hard limit as it is possible to transmit more blocks at the expense of sending an extra header. As will be explained further down in this document, using a variable size field that is linked to the TB size would not impact the padding efficiency.
The total header size would therefore be 11 to 17 bits, depending on the size of the field N
3.2
Accounting for the header
Even if all the logical channels use 336 bit PDU sizes, there are definitely not enough TB sizes in order to support all possible header lengths. It will therefore be necessary to decide how much room to leave in each TB size for the header. In selecting this value it is necessary to consider the impact of over-shooting vs. under-shooting on the header size.
For example, consider the case where we have a PDU size of 336 bits and we reserve 16 bits in each TB size for the MAC-e header. If the MAC-e header requires an extension of another 16 bits, the overhead of over-shooting will be 320 bits. On the other hand, if we reserve 32 bits for the MAC-e header, every time the header is only 16 bits, there will be 16 bits of padding in every transmission.

Note that independently of the space that is reserved for the header, all other cases will also be supported, just more inefficiently. 
We propose to reserve space for the MAC-e header proportionally to the size of the TB size. For example, we propose to reserve space such that the padding overhead incurred for any given TB size when only a single MAC-e header is sent out is less than 0.5%. Based on this scheme, the number of MAC-e header extensions we would reserve room for in each of the TB sizes is provided in Annex A and B respectively for 10 and 2ms.
Note that up to 2688 bit TB sizes, no header extensions are considered. In order to cover the possibility of multiplexing in these cases, we propose to use some of left-over TB sizes identified above (23 for 10ms, 41 for 2ms). These additional tweaks were added in Annex C, which captures the final set of TB sizes. Note also that despite the limited additional overhead it might make sense to cap the total number of header extensions to 4 or 5 (not done in this document) 
4.
Performance with other PDU sizes
144 bit PDU size (DCCH)

Although it is not clear whether mapping the DCCH onto the E-DCH is going to be common, there are some relatively simple steps that could be taken in order to support this possibility reasonably efficiently. Since we do not know how many DCCH PDUs would be sent at a time, we will assume that there could be multiple. In order to simplify the calculations, we will try to approximate the required payload by multiples of 168 bits (336/2 bits). This assumes that we would systematically incur 24 bits (17%) of padding, but it also leaves some room for increasing the number of streams that are multiplexed together.
If we just stick to the baseline TB sizes as defined in section 2, the average overhead incurred by a stream using 168 bit PDUs is the following:

	Baseline (bits)
	Average overhead with 168 bit PDU

	336
	25.00%

	672
	12.50%

	1008
	8.33%

	1344
	6.25%

	1680
	5.00%

	2016
	4.17%

	2352
	3.57%

	2688
	3.13%

	3024
	2.78%

	3360
	2.50%

	3696
	2.27%

	4032
	2.08%

	4368
	1.92%


As can be seen, the overhead is very high for first few sizes, but goes down relatively quickly. It may therefore be useful to add a few sizes at increments of 168 bits in between the first four or five sizes. Note that since 168 bits leaves enough room for the extra header, it is not necessary to consider supporting an additional header in that case.

656 bit PDU size

Even though the TB size was not defined for the purpose of using 656 bit PDUs, its performance with this MAC-d PDU size would be very close to what is obtained with 336 bits. Indeed, even though there would be an extra 16 bits of overhead per MAC-d PDU, this overhead corresponds to the RLC header that was saved by moving to the larger PDU size. Hence, if we consider the overhead across layers, it would be the same. Note also that thanks to these extra 16 bit PDUs, it would be possible to support an additional MAC-e header in most circumstances.

One thing that should be noted is the need to align the payloads in the generation of the baseline TB size set so that they divide well by 672 (2*336), in order to get the best possible performance when using 656 bit PDU sizes.
6.
Conclusion

This document provides a methodology for generating a TB size set. This methodology relies on the fact that MAC-d PDUs and MAC-e headers have constant size for any given TB size. Based on this methodology, it is possible to generate a TB size set that results in significantly less than 2.5% MAC-e padding overhead (targeted for HSDPA), while also supporting relatively efficiently 144 and 656 bit PDU sizes.
An example TB size set is provided in the Annex. This exercise demonstrates the following:

· Useful to have fixed size headers when trying to generate a TB size set.

· Possible to generate an efficient TB size set of size 64 in support of a relatively complex configuration.

· Based on a 6 bit TB size indication, we are unlikely to be able to support efficiently applications requiring multiple PDU sizes, such as VoIP.
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ANNEX A: 10ms Baseline TB size set
	Index Nb


	Baseline (bits)
	Increment
	Nb PDUs
	N length (bits)
	Number of header extensions
	Total PDU length (bits)

	1
	336
	
	1
	2
	0
	347

	2
	672
	336
	2
	3
	0
	684

	3
	1008
	336
	3
	3
	0
	1020

	4
	1344
	336
	4
	4
	0
	1357

	5
	1680
	336
	5
	4
	0
	1693

	6
	2016
	336
	6
	4
	0
	2029

	7
	2352
	336
	7
	4
	0
	2365

	8
	2688
	336
	8
	5
	0
	2702

	9
	3024
	336
	9
	5
	1
	3052

	10
	3360
	336
	10
	5
	1
	3388

	11
	3696
	336
	11
	5
	1
	3724

	12
	4032
	336
	12
	5
	1
	4060

	13
	4368
	336
	13
	5
	1
	4396

	14
	4704
	336
	14
	5
	1
	4732

	15
	5040
	336
	15
	5
	1
	5068

	16
	5376
	336
	16
	6
	1
	5406

	17
	5712
	336
	17
	6
	1
	5742

	18
	6048
	336
	18
	6
	2
	6093

	19
	6384
	336
	19
	6
	2
	6429

	20
	6720
	336
	20
	6
	2
	6765

	21
	7056
	336
	21
	6
	2
	7101

	22
	7392
	336
	22
	6
	2
	7437

	23
	7728
	336
	23
	6
	2
	7773

	24
	8064
	336
	24
	6
	2
	8109

	25
	8400
	336
	25
	6
	2
	8445

	26
	8736
	336
	26
	6
	2
	8781

	27
	9408
	672
	28
	6
	3
	9468

	28
	10080
	672
	30
	6
	3
	10140

	29
	10752
	672
	32
	7
	3
	10816

	30
	11424
	672
	34
	7
	3
	11488

	31
	12096
	672
	36
	7
	3
	12160

	32
	12768
	672
	38
	7
	3
	12832

	33
	13440
	672
	40
	7
	4
	13520

	34
	14112
	672
	42
	7
	4
	14192

	35
	14784
	672
	44
	7
	4
	14864

	36
	15456
	672
	46
	7
	4
	15536

	37
	16128
	672
	48
	7
	5
	16224

	38
	16800
	672
	50
	7
	5
	16896

	39
	17472
	672
	52
	7
	5
	17568

	40
	18480
	1008
	55
	7
	5
	18576

	41
	19488
	1008
	58
	7
	6
	19600


ANNEX B: 2ms Baseline TB size set

	Index Nb


	Baseline (bits)
	Increment
	Nb PDUs
	N length (bits)
	Number of header extensions
	Total header length (bits)

	1
	336
	
	1
	2
	0
	348

	2
	672
	336
	2
	3
	0
	685

	3
	1008
	336
	3
	3
	0
	1021

	4
	1344
	336
	4
	4
	0
	1358

	5
	1680
	336
	5
	4
	0
	1694

	6
	2016
	336
	6
	4
	0
	2030

	7
	2352
	336
	7
	4
	0
	2366

	8
	2688
	336
	8
	5
	0
	2703

	9
	3024
	336
	9
	5
	1
	3054

	10
	3360
	336
	10
	5
	1
	3390

	11
	3696
	336
	11
	5
	1
	3726

	12
	4032
	336
	12
	5
	1
	4062

	13
	4368
	336
	13
	5
	1
	4398

	14
	4704
	336
	14
	5
	1
	4734

	15
	5040
	336
	15
	5
	1
	5070

	16
	5376
	336
	16
	6
	1
	5408

	17
	5712
	336
	17
	6
	1
	5744

	18
	6048
	336
	18
	6
	1
	6080

	19
	6384
	336
	19
	6
	1
	6416

	20
	6720
	336
	20
	6
	2
	6768

	21
	7056
	336
	21
	6
	2
	7104

	22
	7392
	336
	22
	6
	2
	7440

	23
	7728
	336
	23
	6
	2
	7776


ANNEX A: 10ms Full TB size set

In the table below, blue rows were added in support of low data-rate channels with low duty-cycle, such as DCCH. Yellow rows were added in order to provide increased multiplexing flexibility.
	Index Nb
	Baseline (bits)
	N length (bits)
	Number of header extensions
	Total header length (bits)

	1
	168
	2
	0
	179

	2
	336
	2
	0
	347

	3
	504
	2
	0
	515

	4
	672
	3
	0
	684

	5
	672
	3
	1
	696

	6
	840
	3
	0
	852

	7
	1008
	3
	0
	1020

	8
	1008
	3
	1
	1032

	9
	1176
	3
	0
	1188

	10
	1344
	4
	0
	1357

	11
	1344
	4
	1
	1370

	12
	1512
	4
	0
	1525

	13
	1680
	4
	0
	1693

	14
	1680
	4
	1
	1706

	15
	1848
	4
	0
	1861

	16
	2016
	4
	0
	2029

	17
	2016
	4
	1
	2042

	18
	2352
	4
	0
	2365

	19
	2352
	4
	1
	2378

	20
	2688
	5
	0
	2702

	21
	2688
	5
	1
	2716

	22
	3024
	5
	1
	3052

	23
	3024
	5
	2
	3066

	24
	3360
	5
	1
	3388

	25
	3360
	5
	2
	3402

	26
	3696
	5
	1
	3724

	27
	3696
	5
	2
	3738

	28
	4032
	5
	1
	4060

	29
	4032
	5
	2
	4074

	30
	4368
	5
	1
	4396

	31
	4368
	5
	2
	4410

	32
	4704
	5
	1
	4732

	33
	4704
	5
	2
	4746

	34
	5040
	5
	1
	5068

	35
	5040
	5
	2
	5082

	36
	5376
	6
	1
	5406

	37
	5376
	6
	2
	5421

	38
	5712
	6
	1
	5742

	39
	5712
	6
	2
	5757

	40
	6048
	6
	2
	6093

	41
	6384
	6
	2
	6429

	42
	6720
	6
	2
	6765

	43
	7056
	6
	2
	7101

	44
	7392
	6
	2
	7437

	45
	7728
	6
	2
	7773

	46
	8064
	6
	2
	8109

	47
	8400
	6
	2
	8445

	48
	8736
	6
	2
	8781

	49
	9408
	6
	3
	9468

	50
	10080
	6
	3
	10140

	51
	10752
	7
	3
	10816

	52
	11424
	7
	3
	11488

	53
	12096
	7
	3
	12160

	54
	12768
	7
	3
	12832

	55
	13440
	7
	4
	13520

	56
	14112
	7
	4
	14192

	57
	14784
	7
	4
	14864

	58
	15456
	7
	4
	15536

	59
	16128
	7
	5
	16224

	60
	16800
	7
	5
	16896

	61
	17472
	7
	5
	17568

	62
	18480
	7
	5
	18576

	63
	19488
	7
	6
	19600
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