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1 Introduction

For the work item “Improved L2 Support for High Data Rates”, flexible RLC PDU sizes is agreed. The RLC concatenation support is agreed in RAN2 #57.
One argument to remove SDU concatenation is quoted from [1]: “The header overhead of repeating the full RLC header without LI is expected to be equal to the header overhead for using concatenation with 15-bit LI.”
In [2], one reserved value of HE field (HE =10) is used to indicate that the last byte of the PDU is the last byte of a SDU. We can call this scheme as “LI bit” scheme. The LI bit scheme can replace the LI when the corresponding SDU ends at the last octet of a PDU. This scheme uses up the only reserved bit in the current RLC header.

An enhanced LI scheme [3] and an 11-bit LI scheme [4] are proposed in RAN2 #57 in St. Louis. The LI in [3] and [4] is proposed to indicate the length of an ending SDU segment, which is different from that for Rel-6 specification. This proposal in [3] and [4] is not agreed in RAN2 #57 and LI is kept to indicate the number of octets between the end of the RLC header and the last octet of the ending SDU segment.

This document presents a proposal to optimize RLC header overhead with LI conforming to Rel-6 spec.

1.1 Statistical distribution of IP packet sizes
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In [3], a statistical diagram shown in Fig. 1 was quoted from [5] illustrates a study by the IEEE. The diagram shows that the network traffic is dominated by short bursts of data.

Fig. 1. IEEE network traffic packet size model
In RAN2#57, it was commented that Fig. 1 is correct only for wired IP networks and may mislead the traffic model happening in wireless network.
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During an email discussion after RAN2 #57, it was pointed out that, according to a project of Sprint [6], the majority of IP packets are quite small. Then, it was found that different traces of data (duration from 3 hours to 24 hours) show different distributions of traffic packet sizes.  For example, one trace may show relatively high proportion of small size packets compared to big size packets.  However, another trace may show the opposite. With a collection of data over190 hours (around 8 days) from [6], a distribution of traffic data looks like Fig. 2. Note that data in Fig. 2 are from the five most frequent sizes of each trace so that it does not cover the whole possible data sizes. Nevertheless, it illustrates a general idea of the wireless traffic model.

Fig. 2. Traffic packet size distribution from a collection of data over 190 hours from [6]

Fig 2 matches Fig. 1 from the view of traffic model. It shows that the packet size model of wireless traffic is close to that of wired network traffic. We noticed that a single packet size (40 bytes) alone occupies almost 30% of the traffic. The following proposal is based on the observation of Fig. 2.

2 Optimization of RLC header overhead

For RLC supporting high speed data rate, flexible PDU size is agreed to be supported. Also, segmentation at MAC is also agreed. Based on these two working assumption, we propose:

1. No SDU segmentation in RLC: For each segmentation, 2 octets for RLC PDU (SN and other fields) are needed. This overhead is avoid if RLC does not segment SDUs. Segmentation can be done in MAC so that there is no need to segment in RLC. With the proposal, maximum PDU size must at least be able to accommodate the maximum SDU size.

2. Always use 7-bit LI: This can save one octet for each short SDU concatenated with another SDU. Besides, the length of LI need not be signaled. To support this propose, when the ending position of an SDU is out of the indicating range of 7-bit LI, the SDU must not be concatenated with another SDU. Furthermore, maximum PDU size must be configured to be equal to or larger than maximum SDU size plus the indication range by 7-bit LI. As an example, maximum SDU size = 1500 bytes and 7-bit LI can indicate at most 128 bytes (supposing no predefined or reserved LI values is needed), maximum PDU size can be 1500 + 128 + 2 + 1=1631 or larger. With this proposal, the last octet of a PDU is always the last octet of the last SDU contained in the PDU. Thus, no LI is needed for the last SDU. Also, the “LI bit” scheme, which uses the reserve bit of HE field in RLC header, is not needed. The reserved HE bit can be used for further optimization.

3. The reserved HE bit is used to indicate that the first SDU in the PDU is of the most frequently used size: With this proposal, no LI is needed for the first SDU so that one further octet is saved. Note that, from Fig. 2, 40-byte size packets are used for almost 30% of the traffic. Therefore, the overhead improvement is quite high by this proposal. Since after header compression, a steady state should be expected. The most frequently used SDU size should be the size with compressed header in steady state rather than 40 octets. The exact value for the most frequently used RLC SDU size is FFS.

Fig. 3 illustrates some examples of RLC PDUs based on the above proposals.
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Fig. 3

3 Evaluation of improvement

To evaluate the improvement by the proposals, we assume the RLC PDU size distribution as shown Table 1. Table 1 does not perfectly match Fig. 2 and is used for simplicity. We further assume that short sizes (40 and 60 bytes) are interleaved with large size (576 and 1500 bytes).

	RLC SDU size
	Percentage

	40
	35 %

	60
	15 %

	576
	20 %

	1500
	30 %


Table 1. RLC SDU size distribution for evaluation

The average SDU size is 40*0.35 + 60*0.15 + 576*0.2 + 1500*0.3 = 588.2 bytes. In this section, we suppose there are n RLC SDUs in total. The baseline MAC header (3 bytes/MAC-ehs SDU) is used for calculation. RLC header of 2 bytes for SN field is assumed.

If maximum RLC PDU size is configured to be 322 bytes and there is no concatenation (i.e. using flexible RLC PDU size only), the overhead for RLC and MAC headers is equal to
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With Proposal 1 (No SDU segmentation in RLC), with concatenation or not, the overhead for RLC and MAC headers is equal to 
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With Proposal 2 (Always use 7-bit LI), one short SDU is concatenated with a large SDU in a RLC PDU which has 2 octets for SN and one octet for LI. The overhead for RLC and MAC headers is equal to


[image: image3.wmf]%

5

.

0

3

2

.

588

3

)

1

2

3

(

5

.

0

2

.

588

*

)

1

2

3

(

5

.

0

=

+

=

+

+

+

+

+

n

n

n

.

With Proposal 3 (reserved HE bit indicating that the first SDU in the PDU is of the most frequently used size), the overhead for RLC and MAC headers is equal to
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4 Conclusion

The following proposals are proposed to optimize RLC header for the work item “Improved L2 Support for High Data Rates”:

Proposal 1: No SDU segmentation in RLC. 

Proposal 2: Always use 7-bit LI.
Proposal 3: The reserved HE bit is used to indicate that the first SDU in the PDU is of the most frequently used size
It has been shown that Proposal 1 can reduce overhead from 2% to 0.84%. Proposal 2 can reduce overhead down to 0.5%. Finally, Proposal 3 can further reduce overhead down to 0.45%.

5 Reference

[1] R2-070036, “:L2 Enhancements”, Ericsson, Nokia and Siemens, RAN2 #56bis, Jan., 2007.

[2] R2-070396, “RLC PDU format for enhanced L2”, Ericsson, Nokia and Samsung, RAN2 #56bis, Jan., 2007.

[3] R2-070764, “Enhancing LI for flexible PDU size”, ASUSTeK, RAN2 #57, Feb., 2007.

[4] R2-070725, “Discussion on RLC Length Indicator”, LG Electronics, RAN2 #57, Feb., 2007.

[5] “Low Power Advantage of 802.11a/g vs. 802.11b”, SPLY006 – December 2003, White Paper, Texas Instruments.

[6] http://ipmon.sprint.com/packstat/packetoverview.php












































































































































































































































































































































































































































































































































































































_1236083852.unknown

_1236086681.unknown

_1236084087.unknown

_1236083075.unknown

