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2G-SGSN PS Domain Transfer Rate Restrictions
Introduction
This contribution identifies two functions in the 2G-SGSN which negatively affect the throughput of the GAN PS user plane.   These functions are not performed by the 3G-SGSN.
Definitions

BVC
BSSGP Virtual Connection

PFC
Packet Flow Context

Discussion
2G-SGSN Flow Control per BVC Limitation 
The 2G-SGSN flow control mechanism manages the transfer of BSSGP UNITDATA PDUs sent by the SGSN on the Gb interface to the GANC.  The algorithm implemented is a form of the leaky bucket algorithm.  The supported peak leak rate defined in TS 48.018, General Packet Radio Service (GPRS) Base Station System (BSS) – Serving GPRS Support Node (SGSN) BSS GPRS Protocol (BSSGP), section 11.3.4 is 6mbps per BVC. 
	11.3.4    Bucket Leak Rate (R)

This information element indicates the leak rate (R) to be applied to a flow control bucket. The element coding is:

Table 11.3.4: Bucket Leak Rate IE
 
8
7
6
5
4
3
2
1
octet 1
IEI
octet 2, 2a
Length Indicator 
octet 3
R Value (MSB)
octet 4
R Value (LSB)
 

The R field is the binary encoding of the rate information expressed in 100 bits/s increments, starting from 0 x 100 bits/s until 65 535 x 100 bits/s (6 Mbps).


Since BVCs map to GAN cells, the 2G-SGSN artificially limits the maximum aggregate throughput for all MS attached at any individual GAN cell to 6mbps. 
The Iu-ps interface for 3G-SGSNs does not have a similar flow control mechanism that artificially limit the aggregate throughput on the Iu-ps interface or to GAN cells.
2G-SGSN Flow Control per PFC Limitation
The 2G-SGSN also manages flow control on a per PFC basis.  TS 23.107, Quality of Service (QoS) concept and architecture (Release 6), defines how various bearer services are controlled to realise a certain network QoS.  Section 6.5.2 of TS 23.107 provides the valid ranges of Radio Access Bearer Service attributes for UTRAN and GERAN.  This section specifies the maximum bitrate supported for GERAN for the four QoS classes to be 473.6 kbps.
	6.5.2       Ranges of Radio Access Bearer Service Attributes for UTRAN and for GERAN

The following table lists the value ranges of the radio access bearer service attributes for UTRAN and for GERAN. The value ranges reflect the capability of both UTRAN and GERAN.
Table 5: Value ranges for Radio Access Bearer Service Attributes for UTRAN and for GERAN

Traffic class

Conversational class

Streaming class

Interactive class

Background class

Maximum bitrate (kbps)

<= 16 000 (2) (7)

<= 16 000 (2) (7)

<= 16 000 - overhead (2) (3) (7)

<= 16 000 - overhead (2) (3) (7)

Delivery order

Yes/No

Yes/No

Yes/No

Yes/No

Maximum SDU size (octets)

<=1 500 or 1 502 (4)

<=1 500 or 1 502 (4)

<=1 500 or 1 502 (4)

<=1 500 or 1 502 (4)

SDU format information (1)

(5)

(5)

Delivery of erroneous SDUs

Yes/No/-

Yes/No/-

Yes/No/-

Yes/No/-

Residual BER

5*10-2, 10-2, 5*10-3, 10-3, 10-4, 10-5, 10-6 

5*10-2, 10-2, 5*10-3, 10-3, 10-4, 10-5, 10-6 

4*10-3, 10-5, 6*10-8 (6)

4*10-3, 10-5, 6*10-8 (6)

SDU error ratio

10-2, 7*10-3, 10-3, 10-4, 10-5 

10-1, 10-2, 7*10-3, 10-3, 10-4, 10-5 

10-3, 10-4, 10-6 

10-3, 10-4, 10-6 

Transfer delay (ms)

80 – maximum value 

250 – maximum value 

Guaranteed bit rate (kbps)

<= 16 000 (2) (7)

<= 16 000 (2) (7)

Traffic handling priority

1,2,3

Allocation/Retention priority (1) 

1,2, ..., 15

1,2, ..., 15

1,2, ..., 15

1,2, ..., 15

Source statistic descriptor

Speech/unknown

Speech/unknown

Signalling Indication

Yes/No

1)   This parameter is limited to the values 1, 2 and 3 for GERAN when the Gb Bearer Service is used.

2)   The granularity of the bit rate attributes shall be studied. Although the UMTS network has capability to support a large number of different bitrate values, the number of possible values shall be limited not to unnecessarily increase the complexity of for example terminals, charging and interworking functions. Exact list of supported values shall be defined together with S1, N1, N3 and R2.

3)   Impact from layer 2 protocols on maximum bitrate in non-transparent RLC protocol mode shall be estimated.

4)   In case of PDP type = PPP, maximum SDU size is 1502 octets. In other cases, maximum SDU size is 1 500 octets.

5)   Definition of possible values of exact SDU sizes for which UTRAN can support transparent RLC protocol mode, is the task of RAN WG3.

6)   Values are derived from CRC lengths of 8, 16 and 24 bits on layer 1.

7)   In case of GERAN the highest bitrate value is 473.6 kbps.



The net effect of the maximum bitrate on a PFC is to limit the peak downstream transfer rate of any individual application on the GAN MS to 473.6 kbps in GAN A/Gb-mode regardless of the available bandwidth on the communication path between the MS and the GANC.
In GAN Iu-mode, TS 23.107 allows the maximum bitrate for a UTRAN RAB to be set up to 16mbps and the GANC controls the interpretation and enforcement of this limit, not the 3G-SGSN.
Change in Flow Control Architecture for 3G-SGSN
In the design of the 3G-SGSN, the 3G-SGSN does not perform flow control on the Iu-ps interface.  Supporting the Iu-ps interface on the GANC allows GPRS PDUs flowing through GAN to be forwarded without invoking any GPRS related flow control mechanisms.  
Summary
This paper identifies two of the artificial limits imposed by the 2G-SGSN on the throughput available on the GAN A/Gb-mode PS user plane.  It is proposed that the GAN Enhancement feasibility study provide solutions to remove these artificial transfer rate limits from the GAN PS user plane.
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