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1 Introduction
This document proposes to introduce improved support for Jumbo Frames in the LTE RLC protocol. Even though there is a limited support for Jumbo Frames in the current standard [1], this contribution will show that using Jumbo Frames in the current version of the RLC protocol will result in a rather low maximum throughput rate.
There are many definitions of what exactly is meant by a Jumbo Frames, but in this document the term Jumbo Frames is used for PDCP PDUs which are larger than 2047 bytes in size, or equivalently PDCP SDUs which are larger than 2045 bytes in size (considering the 2 byte PDCP header).
We believe that Jumbo Frames are important for achieving high data rates in current and future networks, and therefore it is important that the RLC protocol does not cause unnecessary bottlenecks in the maximum achievable throughput when using Jumbo Frames.
2 Problem

2.1 Limited LI field

The maximum supported PDCP SDU size is 8188 bytes, as specified in [2], and this means that the maximum PDCP PDU size is 8190 bytes considering the PDCP header of 2 bytes. The length of the LI field in the RLC protocol is currently limited to 11 bits, which means that in general the maximum PDCP PDU size is 2047 bytes. There is however a possibility to send larger PDCP PDUs, but then the PDU must be the last PDU in the RLC PDU, and therefore this means that at most one Jumbo Frame can be sent per RLC PDU. 
The maximum size of a MAC SDU is 32767 bytes because the LI field in the MAC header has the length of 15 bits [3]. If transmitting PDCP PDUs with a size of 2047 bytes, it means that there will be room for 32767 / 2047 = 16 PDCP SDUs within the same RLC PDU, but if transmitting a PDCP PDU with a size that is greater than 2047 bytes, only one Jumbo Frame PDCP PDU can fit within the same RLC PDU, due to the above specified limitation of the RLC LI field.
For RLC UM the limitation of the length of the LI field does not cause any decrease in the maximum achievable throughput, because even though the RLC PDUs can only contain one Jumbo Frame it is possible to transmit several RLC PDUs in the same MAC PDU.

For RLC AM the limitation of the LI field length will however cause a decrease of the maximum achievable throughput because in RLC AM there is a need at the sender to keep the RLC PDUs in a transmission window until they are acknowledged, and there is a limit of 512 RLC PDUs which can be in flight (not yet acknowledged) at the same time. This means that there is a major difference in the maximum throughput rate between the following ranges of PDCP PDU sizes:
· PDCP PDUs with sizes 2-2047 bytes:
Many PDCP SDUs can be sent in the same RLC PDU, which means that the number of PDCP SDUs in flight (not yet acknowledged) can be rather many

· PDCP PDUs with sizes 2048 – 8190 bytes:
At most one large PDCP SDU can be sent in the same RLC PDU, which means that the number of PDCP SDUs in flight will be limited
The number of RLC AM PDUs which on average can be sent per subframe without causing wrap-around of the RLC transmission window, assuming no RLC retransmissions, can be calculated from the given size of the RLC window (512) and the RLC Round-Trip-Time (RLC RTT), which is the time until an RLC PDU has been acknowledged by the RLC layer. The calculation is done as follows:
Number of RLC PDUs transmitted per subframe = 512 / RLC RTT

The following table and graph shows the result for RLC RTT set to 30 ms and 20 ms, respectively. Using an RLC RTT that is shorter than 20 ms is not expected in a normal case, because for optimal usage of the MAC protocol there must be some time available to perform HARQ retransmissions, and any HARQ retransmissions should ideally be performed before any RLC retransmission attempts.
	Size of PDCP SDU (Kbytes = 1000 bytes)
	# of RLC SDUs per RLC PDU
	RTT (ms)
	# of RLC PDUs per subframe
	Throughput

(RLC RTT = 30 ms)

	2
	16
	30
	17
	4352

	2,1
	1
	30
	17
	285,6

	3
	1
	30
	17
	408

	4
	1
	30
	17
	544

	5
	1
	30
	17
	680

	6
	1
	30
	17
	816

	7
	1
	30
	17
	952

	8
	1
	30
	17
	1088

	
	
	
	
	

	
	
	
	
	Throughput
(RLC RTT = 20 ms)

	2
	16
	20
	25
	6400

	2,1
	1
	20
	25
	420

	3
	1
	20
	25
	600

	4
	1
	20
	25
	800

	5
	1
	20
	25
	1000

	6
	1
	20
	25
	1200

	7
	1
	20
	25
	1400

	8
	1
	20
	25
	1600
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As shown by the graph, there is a dramatic decrease of the maximum achievable data rate when increasing the size of a PDCP PDU from 2047 bytes to 2048 bytes (or a PDCP SDU from 2045 bytes to 2046 bytes):

· With RLC RTT = 30 ms: from about 4,4 Mbps down to about 0,3 Mbps

· With RLC RTT = 20 ms: from about 6,4 Mbps down to about 0,4 Mbps

Observation 1: Using Jumbo Frames in LTE will result in a dramatic decrease of the maximum throughput rate compared with using non Jumbo Frames due to limitations in the LTE RLC protocol.
3 Discussion
3.1 Need for Jumbo Frames?
We believe that the usage of Jumbo Frames is important in many cases to achieve high data rates and low latency from an end-to-end perspective. This improved efficiency we conclude is due to at least the following reasons:
· TCP is more efficient when using Jumbo Frames, see [4]
· Jumbo Frames reduces the overhead of headers

· Jumbo Frames results in fewer packets which means that there will overall be less CPU load needed for intermediate nodes

· When using TCP with high data rate in DL there is a need for transmitting many TCP acks in UL causing high UL load, but by using Jumbo Frames there will be less amount of UL acks needed and hence lower UL load
Hence, as the above list shows, the usage of Jumbo Frames will give significant improvements in capacity and throughput in an end-to-end network that has good support for Jumbo Frames. Because of these reasons we believe that there will be an increasing demand for using Jumbo Frames in order to boost capacity and throughput in a network.

Observation 2: Having good support for Jumbo Frames is important to boost capacity and throughput in an end-to-end communication link.
If LTE lacks good support for Jumbo Frames this will cause either lower throughput than expected in case Jumbo Frames are used, or it means that Jumbo Frames cannot be used in an end-to-end communication scenario when LTE is part of the communication link.
Proposal 1: The support for Jumbo Frames in LTE needs to be improved in order to improve capacity and increase the maximum throughput rate.
3.2 How to improve the RLC protocol to support Jumbo Frames

To support the maximum size of a PDCP PDU (8190 bytes) in the RLC protocol it is necessary to have an LI field which has a length of 13 bits, giving a maximum value of 8191.

The RLC AM header could be updated as proposed in the text proposal given in the appendix (6.1).
An LI field is needed for every included RLC SDU, except the last one. With this update of the RLC header, the number of bytes needed for the complete RLC header is listed in the table below for different number of included PDCP PDUs, and a comparison is done for how many bytes are needed in the legacy RLC header:
Table 1: Number of bytes needed for the RLC PDU header

	
	Proposed new RLC header
	Legacy RLC header

	1 PDCP PDU
	2
	2

	2 PDCP PDUs
	4
	4

	3 PDCP PDUs
	6
	5

	4 PDCP PDUs
	8
	7

	8 PDCP PDUs
	16
	13


As can be seen from the table, there is a very small difference in the RLC header size between the new proposed RLC header and the legacy header, and hence the overhead of using the new RLC header should be minimal.
Observation 3: Updating the RLC PDU header to support an LI field with 13 bits length can be done in a way that will result in an insignificant header overhead.
To be able to encode and decode the RLC headers using longer LI fields it is necessary to configure the radio bearers in RRC to use the longer LI length. It is assumed that a longer LI field will not be needed for SRBs and hence for simplicity we propose that only DRBs may be configured with a longer RLC LI field. See the text proposal in the appendix (6.2) for a proposal of how the RRC protocol can be updated. 
As a conclusion, from this analysis it seems that it is feasible to introduce better support for Jumbo Frames in LTE by extending the length of the RLC LI field to 13 bits.

Proposal 2: To improve the support for Jumbo Frames in LTE it should be possible to configure AM DRBs to use RLC LI fields with a length of 13 bits.
4 Conclusion

This paper has the following observations:
Observation 1: Using Jumbo Frames in LTE will result in a dramatic decrease of the maximum throughput rate compared with using non Jumbo Frames due to limitations in the LTE RLC protocol.
Observation 2: Having good support for Jumbo Frames is important to boost capacity and throughput in an end-to-end communication link.

Observation 3: Updating the RLC PDU header to support an LI field with 13 bits length can be done in a way that will result in an insignificant header overhead.
This paper proposes the following:

Proposal 1: The support for Jumbo Frames in LTE needs to be improved in order to improve capacity and increase the maximum throughput rate.

Proposal 2: To improve the support for Jumbo Frames in LTE it should be possible to configure AM DRBs  to use RLC LI fields with a length of 13 bits.
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6 Appendix

Text proposals for updating the RLC and the RRC protocols are given in this appendix.
6.1 Proposed update of the RLC protocol

6.1.1 6.2.1.4
AMD PDU

AMD PDU consists of a Data field and an AMD PDU header.

AMD PDU header consists of a fixed part (fields that are present for every AMD PDU) and an extension part (fields that are present for an AMD PDU when necessary). The fixed part of the AMD PDU header itself is byte aligned and consists of a D/C, a RF, a P, a FI, an E and a SN. The extension part of the AMD PDU header itself is byte aligned and consists of E(s) and LI(s).

An AMD PDU header consists of an extension part only when more than one Data field elements are present in the AMD PDU, in which case an E and a LI are present for every Data field element except the last. Furthermore, when an AMD PDU header consists of an odd number of LI(s) and the length of the LI field is 11 bits, four padding bits follow after the last LI.
<<Skipped text not impacted by this CR>>
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Figure 6.2.1.4-4: AMD PDU (length of LI field is 13 bits).
6.1.2 6.2.1.5
AMD PDU segment

AMD PDU segment consists of a Data field and an AMD PDU segment header.

AMD PDU segment header consists of a fixed part (fields that are present for every AMD PDU segment) and an extension part (fields that are present for an AMD PDU segment when necessary). The fixed part of the AMD PDU segment header itself is byte aligned and consists of a D/C, a RF, a P, a FI, an E, a SN, a LSF and a SO. The extension part of the AMD PDU segment header itself is byte aligned and consists of E(s) and LI(s).

An AMD PDU segment header consists of an extension part only when more than one Data field elements are present in the AMD PDU segment, in which case an E and a LI are present for every Data field element except the last. Furthermore, when an AMD PDU segment header consists of an odd number of LI(s) and the length of the LI field is 11 bits, four padding bits follow after the last LI.

<<Skipped Text not impacted by this CR>>
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Figure 6.2.1.5-4: AMD PDU segment (length of LI field is 13 bits)
6.1.3 6.2.2.5
Length Indicator (LI) field

Length: 11 bits or 13 bits. The length of the LI field is configured by upper layers.
<<Skipped Text not impacted by this CR>>

6.2 Proposed update of the RRC protocol

6.2.1 6.3.2
Radio resource control information elements

<<Skipped Text not impacted by this CR>>
6.2.1.1 –
RLC-Config
The IE RLC-Config is used to specify the RLC configuration of SRBs and DRBs.

RLC-Config information element
-- ASN1START

RLC-Config ::=



CHOICE {


am








SEQUENCE {



ul-AM-RLC






UL-AM-RLC,



dl-AM-RLC






DL-AM-RLC


},


um-Bi-Directional




SEQUENCE {



ul-UM-RLC






UL-UM-RLC,



dl-UM-RLC






DL-UM-RLC


},


um-Uni-Directional-UL



SEQUENCE {



ul-UM-RLC






UL-UM-RLC


},


um-Uni-Directional-DL



SEQUENCE {



dl-UM-RLC






DL-UM-RLC


},


...,

[[
extendedLI-Field-r12


ENUMERATED {true}

OPTIONAL

-- Cond DRB-AM

]]
}

<<Skipped Text not impacted by this CR>>

	RLC-Config field descriptions

	extendedLI-Field

Indicates the RLC AM LI field length, see TS 36.322 [7], in bits. If set to true the LI field length is 13 bits, otherwise the LI field length is 11 bits.

	maxRetxThreshold

Parameter for RLC AM in TS 36.322 [7]. Value t1 corresponds to 1 retransmission, t2 to 2 retransmissions and so on.

	pollByte

Parameter for RLC AM in TS 36.322 [7]. Value kB25 corresponds to 25 kBytes, kB50 to 50 kBytes and so on. kBInfinity corresponds to an infinite amount of kBytes.

	pollPDU

Parameter for RLC AM in TS 36.322 [7]. Value p4 corresponds to 4 PDUs, p8 to 8 PDUs and so on. pInfinity corresponds to an infinite number of PDUs.

	sn-FieldLength

Indicates the UM RLC SN field size, see TS 36.322 [7], in bits. Value size5 means 5 bits, size10 means 10 bits.

	t-PollRetransmit

Timer for RLC AM in TS 36.322 [7], in milliseconds. Value ms5 means 5ms, ms10 means 10ms and so on.

	t-Reordering

Timer for reordering in TS 36.322 [7], in milliseconds. Value ms0 means 0ms, ms5 means 5ms and so on.

	t-StatusProhibit

Timer for status reporting in TS 36.322 [7], in milliseconds. Value ms0 means 0ms, ms5 means 5ms and so on.


	Conditional presence
	Explanation

	DRB-AM
	The field is optionally present at setup or handover of an AM DRB, need OR; otherwise it is not present, and UE keeps current value.



1/8


[image: image4.png]Max throughput (Mbit/s)

Throughput limitation in RLC plotted
for different RLC SDU sizes

7000

6000

5000

4000 \
\ ===RLCRTT =30ms

3000 \ ——RLCRTT=20ms

2000

1000

0 T T T T T T T
2 21 3 4 5 6 7 8
Size of RLC SDU (Kbytes)




