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1 Introduction

User plane enhancement is one of the main topics in HSPA evolution. The point is how to minimize the overhead due to RLC/MAC header, which is deemed too much in the current RLC. 

There have been two approaches; namely flexible RLC PDU size approach[1] vs multiple RLC PDU size approach[2].
This contribution presents the numerical analysis on them, to assist RAN2’s making decision on the issue.

Please note that the analysis was done on HSUPA, but the conclusion is true to HSDPA as well. 

2 Discussion 
2.1 Flexible vs multiple PDU sizes.

Various overheads are existing in framing a RLC SDU to a MAC PDU  in Release 6, which are shown in the figure 1. 
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Figure 1. RLC/MAC overhead in Release 6
Let’s denote overheads as below.
· Overhead 1: RLC AM overhead is at least 2 byte, so smaller the RLC AM PDU size, higher the overhead at RLC level

· Overhead 2: At the end of burst, RLC level padding may be needed, whose maximum size is the RLC AM PDU size
· Overhead 3: Overhead due to MAC-e/es header

· Overhead 4: Due to quantization at MAC-e/es PDU size, at most around 2 % padding is needed in the MAC-e/es PDU. MAC-e/es padding is getting bigger with the biger RLC AM PDU size. 
[1] and [2] have proposed flexible RLC PDU size approach and multiple RLC PDU size approach respectively. Even though they didn’t show any detailed header format, we assumes followings for analysis sake.  
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Figure 2. RLC/MAC header in flexible RLC PDU size approach
One RLC SDU is mapped to a RLC PDU, which could be segmented in the MAC layer if needed. It is expected that Overhead 1 and Overhead 3 are minimal and that Overhead 2 and Overhead 4 are eliminated. One drawback is that entirely new RLC header format is needed so that the impact to the standard might be rather high. 
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Figure 3. RLC/MAC header in multiple RLC PDU size approach
In a RLC AM, multiple RLC PDU sizes are configured. It is expected that Overhead 1 and Overhead 3 are minimal as long as big RLC PDU size is used. At the end of a SDU, Overhead 2 is minimized by using smaller PDU size. However there is no way to control Overhead 4 in this approach. 

We assume the same header format as Rel 6 RLC.
2.2 Numerical Analysis.
The total overhead of Rel 6 RLC, multiple RLC PDU sizes and flexible RLC PDU sizes are evaluated, during when a RLC SDU is transmitted either in 1032 bit TB (TB size index 54 in 10 msec E-DCH TB size table) or in 10028 bit TB (TB size index 110 in 10 msec E-DCH TB size table) and in the TB with the appropriate size for the remaing data. 

Followings are assumed.

· TB contains only one DDI.

· The size of a RLC SDU is assumed to be 12000 bit.
· RLC PDU size of Rel 6 RLC is 336 bit.

· RLC PDU payload sizes in multiple PDU size approach are 40, 80, 160, 320, 640, 960, 1280, 2560 and 5120 bit.
Table1 shows the results. Details on the calculation is in the Annex.
	
	Single Size
	Flexible Size
	Multiple Sizes

	
	low rate
	high rate
	low rate
	high rate
	low rate
	high rate

	Overhead 1
	616
	616
	16
	16
	248
	136

	Overhead 2
	152
	152
	0
	0
	32
	32

	Overhead 3
	234
	36
	338
	52
	234
	36

	Overhead 4
	98
	313
	150
	18
	478
	56

	Total Overhead(bit)
	1100
	1117
	504
	86
	992
	260

	Total Overhead(%)
	8.40%
	8.52%
	4.03%
	0.71%
	7.64%
	2.12%


In the table low rate means when the TB size is 1032 or less, and high rate means when the TB size is 10028 or less.
As seen in the table, the performance difference between the flexible size apporach and the multiple size approach is significant and the difference is mainly coming from the overhead 1 and overhead 4. 
It should be noted that it may be possible to reduce the overhead 4 by choosing the proper TB size in multiple size approach, but it would not be possible to catch up with the overhead 1 performance.

3 Further rationale
The reader performing a detailed analysis of the results in the Annex might detect that the main part of the inefficiency of the “multiple sizes” solution is caused by padding of the RLC-PDU to the MAC-e PDU (overhead 4: 38*12=456 bits).

One could argue that in principle this padding could be avoided by selecting a set of RLC PDU sizes for which each RLC PDU size corresponds to a MAC-e PDU size (taking other overhead into account). It is correct that with this type of approach, in principle all overhead 4 can be removed, at least as long as only 1 RLC entity is putting an RLC PDU in the MAC-e PDU. It will not be possible to ensure that there is a MAC-e PDU size corresponding to any combination of RLC PDU size combination from different RLC entities.

Although such an approach would decrease the overhead 4 and thus reduce the difference between “flexible size” and “multiple size” approaches, we see one additional benefit for the flexible size approach:

· Working with a limited set of RLC PDU size will reduce the number of MAC-e PDU sizes that are supported. (for this reason the 3-step and 2-step thresholds were introduced).

· As  a result, a grant not correponding to an exact RLC-PDU size will be rounded down to the smallest E-TFC that can support the next RLC-PDU size. As a result, some of the allocated grant will not be used.

· Although this effect might to some extend be taken into account by the NodeB scheduler statistically, the NodeB control will be higher when this type of rounding would not need to take place.
4  Conclusion 

It is proposed to adopt the flexible RLC PDU size approach in the HSPA evolution.
One concern of the approach is the retransmission inefficiency. To solve this problem RLC PDU size adapting and MAC level segmentation have been proposed by several companies. We also support them, so the proposed L2 will look like below.

· RLC SDU is framed to the RLC PDU(s) according to the current RLC PDU size
· MAC segments a RLC PDU before transmission if needed.

· MAC determines RLC PDU size in such a manner that a RLC PDU is not segmented excessively in MAC level to keep the retransmission efficiency in acceptable level. 
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Annex.

A. 
Overhead calcaluation

A.1 
Single RLC PDU size

· Low rate: TB size = 1032 bit or smaller
· RLC SDU size: 12000 bit, RLC PDU payload size: 320 bit, RLC PDU header: 16 bit

· Number of RLC PDUs = Ceiling(12000/336,1) = 38

· Overhead 1 = 38 x 16 + 8 = 616 bit
· Overhead 2 = 38 x 320 – 12000 – 8 = 152 bit

· MAC-e header size = 18 bit

· Number of RLC PDUs per MAC-e PDU = Floor ((1032 – 18)/336,1) = 3

· Overhead 4 per MAC-e PDU = 1032 – 18 – 336 x 3 = 6 bit
· Number of MAC-e PDUs = Ceiling(38/3, 1) = 13

· Last MAC-e PDU without padding = (38 – 12 x 3) x 336 + 18 = 690 bit
· Last MAC-e PDU size = 716 bit (TB index = 45)

· Overhead 4 of the last PDU = 716 – 690 = 26 bit

· Overhead 3 = 13 x 18 = 234 bit

· Overhead 4 = 6 x 12 + 26 = 98 bit
· High rate: TB size = 10028 bit or smaller
· RLC SDU size: 12000 bit, RLC PDU payload size: 320 bit, RLC PDU header: 16 bit

· Number of RLC PDUs = Ceiling(12000/336,1) = 38

· Overhead 1 = 38 x 16 + 8 = 616 bit

· Overhead 2 = 38 x 320 – 12000 – 8 = 152 bit

· MAC-e header size = 18 bit

· Number of RLC PDUs per MAC-e PDU = Floor ((10028 – 18)/336,1) = 29
· Overhead 4 per MAC-e PDU = 10028 – 18 – 336 x 29 = 266 bit

· Number of MAC-e PDUs = Ceiling(38/29, 1) = 2
· Last MAC-e PDU without padding = (38 – 29) x 336 + 18 = 3042 bit

· Last MAC-e PDU size = 3089 bit (TB index = 81)

· Overhead 4 of the last PDU = 3089 – 3042 = 47 bit

· Overhead 3 = 2 x 18 = 36 bit

· Overhead 4 = 266 + 47 = 313 bit

A.2 
Flexible RLC PDU size

· Low rate: TB size = 1032 bit or smaller
· RLC SDU size: 12000 bit, RLC PDU payload size: 12000 bit, RLC PDU header: 16 bit

· Overhead 1 = 16 bit

· Overhead 2 = 0 bit

· MAC-e header size = 26 bit

· MAC-e PDU payload size = floor((1032 – 26)/8,1) x 8 = 1000 bit

· Number of MAC-e PDUs = Ceiling(12016/1000, 1) = 13
· Overhead 4 per MAC-e PDU = 1032 – 26 – 1000 = 6 bit

· Last MAC-e PDU without padding = 12016 – 1000 x 12 + 26 = 42 bit

· Last MAC-e PDU size = 120 bit (TB index = 1)

· Overhead 4 of the last PDU = 120 – 42 = 78 bit

· Overhead 3 = 13 x 26 = 338 bit

· Overhead 4 = 6 x 12 + 78 = 150 bit
· High rate: TB size = 10028 bit or smaller
· RLC SDU size: 12000 bit, RLC PDU payload size: 12000 bit, RLC PDU header: 16 bit

· Overhead 1 = 16 bit

· Overhead 2 = 0 bit

· MAC-e header size = 26 bit

· MAC-e PDU payload size = floor((10028 – 26)/8,1) x 8 = 10000 bit

· Number of MAC-e PDUs = Ceiling(12016/10000, 1) = 2

· Overhead 4 per MAC-e PDU = 10028 – 26 – 10000 = 2 bit

· Last MAC-e PDU without padding = 12016 – 10000 + 26 = 2042 bit

· Last MAC-e PDU size = 2058 bit (TB index = 71)

· Overhead 4 of the last PDU = 2058 – 2042 = 16 bit

· Overhead 3 = 2 x 26 = 52 bit

· Overhead 4 = 2 + 16 = 18 bit
A.3
Multiple RLC PDU sizes
· Low rate: TB size = 1032 bit or smaller
· RLC SDU size: 12000 bit, RLC PDU header: 16 bit
· RLC PDU payload size: 40, 80, 160, 320, 640, 960, 1280, 2560, 5120 bit 

· MAC-e header size = 18 bit

· MAC-e PDU payload size with padding = 1032 – 18 = 1014 bit

· Number of MAC-e PDUs = Ceiling(12016/1000, 1) = 13

· RLC PDU combinations per MAC-e PDU (not last PDU) = 976 
· Sum of RLC PDU payload sizes for the last MAC-e PDU = 12000 – 960 x 12 = 480 bit

· RLC PDU combinations for the last MAC-e PDU = 336 + 176 + 56 = 568 bit

· last MAC-e PDU size = 608 bit (TB size index = 73)

· overhead 4 per MAC-e PDU = 1032 – 18 – 976 = 38 bit

· overhead 4 for the last MAC-e PDU = 608 – 18 – 568 = 22 bit

· overhead 4 total = 38 x 12 + 22 = 478 bit 

· overhead 3 = 18 x 13 = 234 bit

· overhead 2 = 568 – 3 x 16 – 8 – 480 = 32 bit

· overhead 1 = 16 x 15 + 8 = 248 bit 
· High rate: TB size = 10028 bit or smaller
· RLC SDU size: 12000 bit, RLC PDU header: 16 bit
· RLC PDU payload size: 40, 80, 160, 320, 640, 960, 1280, 2560, 5120 bit 

· MAC-e header size = 18 bit

· MAC-e PDU payload size with padding = 10028 – 18 = 10010 bit

· Number of MAC-e PDUs = Ceiling(12000/10010, 1) = 2

· RLC PDU combinations per MAC-e PDU (not last PDU) = 5136 + 2576 + 1296 + 976 = 9984 bit 

· Sum of RLC PDU payload sizes for the last MAC-e PDU = 12000 – (5120 + 2560 + 1280 + 960) = 2080 bit

· RLC PDU combinations for the last MAC-e PDU = 1296 + 656 + 176 + 56 = 2184 bit

· last MAC-e PDU size = 2232 bit (TB size index = 73)

· overhead 4 per MAC-e PDU = 10028 – 18 – 9984 = 26 bit

· overhead 4 for the last MAC-e PDU = 2232 – 18 – 2184 = 30 bit

· overhead 4 total = 26 + 30  = 56 bit 

· overhead 3 = 18 x 2 = 36 bit

· overhead 2 = 2184 – 4 x 16 – 8 – 2080 = 32 bit

· overhead 1 = 16 x 8 + 8 = 136 bit
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