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1 Introduction

A paper has been submitted to GERAN#51 on the analysis of traffic characteristics of IM services and their impacts to the current GSM network [1]. It is mentioned that due to the small and bursty traffic characteristic of IM services, they have extremely low PDCH utilization efficiency compared to FTP downloading and web browsing, and it is proposed that GERAN should study mechanisms to improve PDCH utilization efficiency for this type of service in the coming meeting cycles.  In this contribution, a mechanism served for the above purpose is introduced and briefly analyzed. It is a mechanism which has shown pretty good performance in field trial and already been required by China Mobile’s corporate technical specification. 
2 Discussion
2.1 traffic resource requirements of MDAs
It is mentioned in [1] that in the existing network, the number of PDCH channels are allocated to a data service user according to its MS class. No matter what type of data service to be used, a Class 10 mobile station (which is a typical MS class in China Mobile’s network) is allocated with 4 PDCH channels on the downlink. This causes different PDCH utilization efficiency for different service types.

Statistics from the real network show that in fact not every data services need to use all the 4 PDCH channels for transmission. For the small, bursty packets of Mobile IM services, 1 PDCH channel per assignment may be enough. Table 1 shows the typical data services and their actual requirements on traffic resources in a hotspot of China Mobile’s 2G network.
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Web browsing WWWw.sina.com.cn 53.2 2 PDCH
IM Q0Q 10 1 PDCH
downloading FTP downloading 113.4 3 PDCH
P2p BT downloading 101.3 3 PDCH
Gaming SGS(web version) 166.9 4 PDCH
Streaming www.youku.com 106.6 3 PDCH
MMSM MMSM 15 1 PDCH

Others





Table 1. requirement on basic data rates and number of PDCH channels of data services

It can be seen that for Mobile IM services, 1 PDCH channel per assignment is enough to keep its basic data rate requirement(about 10kbps) at most times. For web browsing and downloading services, the number is 2 and 3 respectively. The best optimization would be that each type of data service is allocated with just the appropriate amount of traffic resources it needs for each time of transmission.
2.2 Improvement on PDCH utilization efficiency based on service type identification
An effective mechanism served for the above purpose is briefly introduced here. It is quite useful for the BSC to know of what type of data service are the packets it needs to transfer so that  it can allocate a proper amount of traffic resources. This can be realized by a service type identification functionality in GGSN and a service type  updating mechanism. 
2.2.1 service type identification

the DPI functionality can be used to identify the type of a certain data service. DPI is able to differenciate data service types by reading their socket number, matching packet formats, correlating their signalling plane and user plane (e.g. FTP, SIP etc) or the five elements of IP header (i.e. source IP address, target IP address, protocol number, source port number and target port number). It can also tell a data service type from its “behavior”, such as the number of connections or sessions, the ratio of uplink and downlink data rates, packet size and so on. It is estimated that DPI can identify 99% data services in the existing GSM network and can differenciate minor applications belonging to the same data service. 
Theoretically, the DPI functionality can be located anywhere along the transmission path of packets. Two possible locations are GGSN and BSC. However, GGSN is preferred because of
1) It is most convenient to reuse the existing DPI resources in current network which are implemented in GGSN.

2) A centralized implementation in GGSN offers an easy way of updating the service knowledge database used by DPI.
3) High processing load may be caused in BSC if DPI is implemented there, thus extra hardware are needed.

4) Ciphering in GPRS is performed on the LLC layer which is transparent to the BSS, i.e. the DPI function can not work in BSS if the PS services are ciphered.

5) SA2 has defined service awareness functionality which is allowed to be supported by the GGSN. 
Considering QoS requirements, resource utilization efficiency and revenue donation, a reasonable classification of data services in China Mobile’s GSM network is shown in Table 2. When GGSN has identify the data service type, it can assign it to one of the following 4 classes.

	No.
	Revenue devotion
	Resource efficiency
	QoS Requirement
	Typical services

	1
	H
	H
	H/M
	Self-owned services (e.g. Mobile payment, mobile stocks)

	2
	M/L
	H/M
	M
	Web browsing

	3
	L
	H/M
	L
	downloading

	4
	L
	L
	L
	Mobile IM (eg. Mobile QQ)


Table 2. classification of data services in China Mobile’s GSM network
Conclusion 1: GGSN is the preferred location for DPI implementation.
2.2.2 service type  update
2.2.2.1 standardized QoS update procedure

For BSC to know the data service, a service type update mechanism is needed between GGSN and BSC. The standardized QoS attributes and their update procedure can be considered. The service type can be characterised by the combination of TC and THP values, and updated by the following procedures in Figure 1.
[image: image2.png]Servicetype

Update PDP Request  Identification

PFC

Modify PDF Reque: Procedures

Modify PDP Accept

Update PDP Response





Figure 1. standardized QoS update procedure

However, the QoS update method has several drawbacks:

1) when  a user is simultaneously using more than one type of data services including Mobile IM within one PDP, the bursty traffic of Mobile IM service will cause  frequent change of service combination within the PDP context. If PDP update procedure is triggered everytime the change occurs,   a pingpong effect will occur, and and a dramatic increase of signalling load on Gn and Gb interface will be caused. If not, and the QoS attributes of the PDP are assigned to Mobile IM, the QoS of other data services will be seriously impacted leading to a bad user experience.
2) For a terminal not supporting PFC, the Modify BSS PFC procedure can not be triggered, thus the QoS attributes can not be updated in BSC.
3) It usually takes seconds to complete a PDP Modify procedure. For Mobile IM service with small and bursty traffic, its burst may have already finished transmission while PDP Modify procedure is still ongoing, resulting in a delayed effect.
Conclusion 2: the standardized QoS procedure is not effective for updating the service type of Mobile IM. For this type of service, a special update procedure is needed. 
2.2.2.2 GTP-U+BSSGP update procedure

To avoid the above drawbacks of QoS update method, we can consider to stamp the service type on the packets of Mobile IM services. This can be done by define a new IE(e.g. service class indicator) in the header of GTP-U and BSSGP PDU format and assign a value to indicate that the packet belongs to a Mobile IM service . when GGSN has identified a Mobile IM service, it stamps the corresponding packets by writing on the SCI of GTP-U PDU. SGSN will detect SCI and write the value to the SCI of BSSGP PDU. Figure 2illustrates the procedure.
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Figure 2. GTP-U+BSSGP update procedure

BSC will recognize the Mobile IM packets by reading SCI of BSSGP PDU once it has received them from A interface. It is a real time update procedure and BSC can allocated radio resources on a service basis instead of a PDP basis. Besides Mobile IM, the newly defined SCI can also be used as an indicator of other types of data services.
Therefore, as a whole picture of service type update, for all the 4 typical service types shown in table X, we have the following two options:

1) Use GTP-U+BSSGP update procedure and standardized QoS update procedure as well. 

i.e. GTP-U+BSSGP update procedure shall be used for Mobile IM service, while QoS update procedure can be used for web browsing, FTP downloading and corporate-owned services
2) Use GTP-U+BSSGP update procedure for all service types. 

 Conclusion 3: GTP-U+BSSGP update procedure should be introduced for service type updates.
2.2.3 Optimized radio resource allocation mechanism

Optimized radio resource allocation mechanism is key to the improvement of PDCH utilization efficiency for mobile data services. Based on the knowledge of service type, BSC can try its best to only allocate the  required amount of radio resources by the following methods:
1) Assign different Scheduling Weights

2) Assign different TBF occupancy factors
3) Allocate different number of PDCH channels

4) Set different TBF release timers

Note that BSC could also optimize its radio resource allocation mechanism for the improvement of PDCH utilization efficiency of mobile data services without the service type knowledge. For example, by detecting the packet size. However, the knowledge will raise the performance gain  and reduce the complexity in BSC. This is because:
1) the radio resource allocation mechanism  is optimized based on a finer granularity(i.e. service types), BSC can treat different services accordingly.
2) The service type update procedure is compatible with any optimized radio resource allocation mechanisms, they can always be combinely used to obtain higher gain.
3) Both the QoS and GTP-U+BSSGP update procedure are applicable in 3G and LTE system too. In a multi-RAN environment, BSC can redirect some types of data service to 3G or LTE system if their PDCH utilization efficiency can not be effectively improved in 2G network or are more suitable to be carried on 3G or LTE network.
4) It provides operators with  the flexibility of pushing the development of different data services in different parts of the network. E.g. operators may have different strategies on the development of streaming service  in dense urban and rural areas. In dense urban, BSC may be required to guarantee the GBR of streaming services and provide as much radio resource as they need, however, in rural area, operators may not care much about user experience, and would accept a “web browsing like QoS” for streaming for the purpose of saving TRX.
Conclusion 4: the service type identification and update mechanism should be introduced for the improvement of PDCH utilization efficiency of mobile data services in GERAN even if new mechanisms for the same purpose will be studies and standardized in other work items in GERAN’s scope. 
2.3 Performance from field trial
Field trials have been carried out to justify the performance of the above mechanism. GTP-U+BSSGP update mechanism is used for the indication of Mobile IM services and BSC has optimized its radio resource allocation algorithm using the methods mentioned in section 2.2.3. the improvement on PDCH utilization efficiency, the average number of allocated PDCH channels and the average number of multiplexed TBF on a PDCH have been calculated. The following table shows the results of some vendors.
	
	vendor A in city A
	vendor B in city B
	Vendor B in city C

	PDCH utilization efficiency(%)
	+39%
	+38.7%
	+42.7%

	Average  number of allocated PDCH channels
	-37%
	-21.5%
	-37.7%


Moreover, the improvements on PDCH utilization efficiency are compared between the following two scenarios:
	
	Optimizaed radio resource allocation without service type knowledge
	Optimizaed radio resource allocation with service type knowledge

	PDCH utilization efficiency(%)
	+14.0%
	+39%

	Average  number of allocated PDCH channels
	-12.5%
	-37%


It is worth noting that during the field trial, the user experience of tested data services is not impacted.

It can be seen that the PDCH utilization efficiency and other performance metrics can be dramatically improved using GTP-U+BSSGP update mechanism combined with optimized radio resource allocation in BSC, and the knowledge of service type can help to achieve a notably better performance.
3 Conclusions
In this contribution, an effective mechanism for the improvement of PDCH utilization efficiency of mobile data services has been introduced and briefly analyzed. It shows pretty good performance in field trial and has been implemented in the equipments of all network vendors. Moreover, it has no impact on terminal implementation.
Proposal 1: the service type identification and update mechanism should be introduced for the improvement of PDCH utilization efficiency of mobile data services in GERAN. Although new mechanisms for PDCH efficiency improvement will be studied and standardized in other work items in GERAN’s scope, none of them were supposed to cover the service type identification and update mechanism.

Proposal 2: GTP-U+BSSGP update procedure should be introduced for the service type updates of at least Mobile IM services. A new work item should be setup for its standardization in GERAN.
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