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LLC frame size in GAN networks
1. Introduction
The Generic Access Network (GAN) system adds several layers of protocols and associated overhead that is not present in a GERAN/UTRAN only configuration.  One parameter that can significantly influence the performance (because it affects the amount of overhead required) is the Logical Link Control (LLC) frame size.  If, upon moving from GERAN/UTRAN mode to GAN mode, a device calculates and negotiates an optimal LLC frame size, then the performance of packet switched (PS) data over GAN can be greatly increased.  This is highly desirable behavior, as it greatly improves the user data throughput rate and latency for applications like web browsing and instant messaging on mobile terminal devices.

2. Why is negotiating LLC frame size for GAN needed?

In the GAN system, layer 3 packets are forwarded over an IP connection using GAN protocols.  As in the cellular networks, application level data is segmented into Sub Network Dependent Convergence Protocol (SNDCP) packet data units (PDUs), and the SNDCP PDUs are packed into LLC frames.  The maximum size of an LLC frame is specified by the value of N201-U (N201-I for I frames) [1].  By default, the N201-U value is 500 bytes [1, Clause 8.9.9].  In the GAN system, an LLC frame is packed into one GA-PSR-UNITDATA [3] frame, and each such frame is sent over an IP link within a UDP packet.

The Maximum Transmission Unit (MTU) of the underlying IP network is an important consideration not addressed in the GAN system.  IP networks include for instance Wi-Fi (IEEE 802.11) networks.  A typical MTU value is 1400-1500 bytes.  For optimal data efficiency (i.e. minimizing the proportion of data which comprises header information), the size of packets transmitted through such IP networks should be as close as possible to the MTU [2].  If the default N201-U value of 500 bytes – as currently specified in [1, Clause 8.9.9] – is used, this is clearly not the case: such a value results in IP packets of only around 700 bytes after all lower layer headers have been added.  
The lack of data efficiency problem is compounded when using a low N201-U value, because application layer packets may be unnecessarily segmented into multiple SNDCP PDUs.  Each SNDCP PDU is then placed into one LLC frame.  When transmitted through the GAN layer, extra headers are added to each of these LLC frames.
Consider an example where the application data MTU size is 1420 bytes, and the default N201-U value of 500 bytes is used.   In this case, the application layer PDU of 1420 bytes includes the application layer UDP and IP headers (8 and 20 bytes respectively). When this PDU is segmented into SNDCP PDUs, an SNDCP header is added to each SN-PDU as well. The first SNDCP header is 4 bytes and subsequent headers are 3 bytes. Hence if the N201-U size is 500 bytes, then the application layer PDU needs to be segmented into three SNDCP PDUs, which adds 4+3+3=10 bytes of SNDCP header overhead . The three SNDCP PDUs have 496, 497, and 427 bytes of application layer data payload respectively.   
Each SNDCP PDU is then packed into one LLC frame for transmission over GAN. A total of 130 bytes of LLC, GAN, UDP, IP and IPSec layer headers and footers are then added to each SNDCP PDU (see Table 1).

	 Protocol Layer
	Header Bytes per LLC PDU
	Total Bytes (three LLC PDUs) 

	LLC
	6
	18

	GAN
	16
	48

	UDP
	8
	24

	IP
	20
	60

	IPSec
	80
	240


Table 1:  Protocol Headers included in a GAN LLC PDU

Viewed from application layer, the original 1420 byte PDU incorporates a UDP header (8 bytes), and IP header (20 bytes). After segmentation, SNDCP headers are added for each SNDCP PDU (10 bytes total).    These headers are summarized in Table 2. Thus by the time the application user payload data is transmitted in the IP network, a total of 8 (UDP) + 20 (IP) + 10 (SNDCP) + 130x3 (LLC/GAN/UDP/IP/IPSec) = 428 bytes of overhead have been added, 23% of the total throughput at the GAN IP transport layer.
	Protocol Layer
	Header Bytes
	Total Bytes 

	Application Level UDP
	8
	8 

	Application Level IP
	20
	20

	SNDCP
	1x4, 2x3
	10


Table 2:  Application and SNDCP Layer Headers (3 frame SNDCP Segmentation)
Increasing the size of the LLC frame such that the total size of the data unit once the header overhead is added is as close as possible to the GAN IP layer MTU size reduces the proportion of the IP packet that is consumed by the header overhead; in other words, for a given amount of data sent over the GAN, a larger amount of user (application-layer) data can be carried. Or, in other words, a given amount of user data can be communicated in fewer frames and shorter time, improving the efficiency of the link and thus improving user data throughput and latency significantly.

3. Using an optimal LLC frame size for GAN 

As discussed in the previous section, throughput efficiency can be increased by using an appropriately chosen maximum size of LLC frames.     
The optimal N201-U value can be calculated as:
N201-Uopt = (IP MTU) – (Maximum IPSec expansion) – (IP header size) -  (UDP header size) – (GAN header size) – (LLC header size)

Where, 
· IP MTU is size of the GAN IP layer maximum transmission unit

· Maximum IPSec expansion is the maximum expansion value of the IP security layer

· UDP header is the maximum size of the UDP layer header

· IP header size is the maximum size of the IP header

· GAN header size is the maximum size of the GAN layer header

· LLC header size is the maximum size of the LLC overhead

Consider for example a GAN IP MTU size of 1400 bytes.   Using the equation above and the information in Table 1, the optimal value of N201-U can be calculated as follows:

N201-Uopt = (IP MTU) – (Maximum IPSec expansion) – (IP header size) -  (UDP header size) – (GAN header size) – (LLC header size)


      = 1400 bytes – 80 – 20 – 8 – 16 – 6 


      = 1270 bytes
The N201-Uopt value can then be negotiated by the MS through the XID (eXchange Identification) [1] negotiation procedure with the network. This negotiation is carried out during rove-in procedures of a GAN capable MS between the MS and the SGSN. It should be noted that this procedure can only be initiated by the MS as the SGSN cannot be aware of the GAN IP transport MTU (and indeed may not even be aware that the mobile is connected via GAN).
By the nature of the negotiation, this approach is fully backwards-compatible: if the SGSN cannot support the requested value, the lower negotiated value will be used.

4. Description of testing performed

A test was conducted using a public network with 25 samples of a 2 MB (2097152 bytes) file of random data.  A mobile device was connected to a PC using a USB cable, and an IP modem session was initiated.
The test procedure was first performed without any LLC frame size negotiation (i.e. using the default value).  The Microsoft Windows command line FTP program was used to connect to a high speed FTP server over the GAN link.  For each test sample, the 2 MB file of random data was transferred using the Microsoft Windows FTP program.  Uplink and downlink transfers were performed 25 times each, and the throughput, as reported by the FTP program, was recorded.  

Following this, the procedure was repeated with the LLC frame size negotiated by the mobile station. The N201-Uopt was calculated to be 1200 bytes (see the section above), taking into account also wifi headers etc. Again, 25 uplink and downlink transfers were performed and the FTP throughput value was recorded.
The FTP throughput was found to increase on average by about 20% in the uplink, and 17.5% in the downlink.
5. Conclusion
The test results clearly show that negotiating the optimal LLC PDU size for use in GAN networks, and having the network accept this negotiated value, yields a significant average gain in data throughput of about 20%. Although the benefits were clearly demonstrated for FTP, improvements will be achieved for any application which uses application-layer PDUs larger than approximately 470 bytes, as these will be unnecessarily segmented to meet the default LLC value.

 Along with throughput gains, corresponding improvements in battery performance can be expected as a result of the reduced (total) amount of data transmitted over the GAN.   This gain can be achieved by means of the XID (eXchange Identification) [1] negotiation procedure which is already supported in the SGSN and MS. The changes required on the MS are minimal and not complex.

It is proposed that this approach be mandated for devices that support GAN whenever the Access mode in the MS is switched to GAN A/Gb mode.
References
[1], 3GPP TS 44.064, “3rd Generation Partnership Project; Technical Specification Group Core Network; Mobile Station – Serving GPRS Support Node (MS-SGSN); Logical Link Control (LLC) layer specification”, (3rd Generation Partnership Project (3GPP) technical specification)

[2], RFC 1981, “Path MTU Discovery for IP version 6”, (Internet Engineering Task Force (IETF) Working Group Request for Comments (RFC))

[3], 3GPP TS 44.318, “3rd Generation Partnership Project; Technical Specification Group GSM/EDGE Radio Access Network; Generic Access Network (GAN); Mobile GAN interface layer 3 specification”, (3rd Generation Partnership Project (3GPP) technical specification)

[4], 3GPP TS 43.318, “3rd Generation Partnership Project; Technical Specification Group GSM/EDGE Radio Access Network; Generic Access Network (GAN); Stage 2”, (3rd Generation Partnership Project (3GPP) technical specification)
Research In Motion Limited – Strictly Confidential

2

