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1 Introduction

1.1 Description of the problem

This paper constitutes a small update of document G2(02)0748 [1].

The provision of differentiated Quality of Service in the UMTS/GPRS packet switched domain is specified in 3GPP TS 23.107 [2]. This specification defines a set of QoS attributes, which make up an overall QoS profile, used to provide the differentiation. The QoS profile is defined and requested at PDP context activation.

3GPP TS 23.107 (sub-clause 6.4.4.1) states for Allocation/Retention Priority

“[…] specifies the relative importance compared to other Radio access bearers for allocation and retention of the Radio access bearer. The Allocation/Retention Priority attribute is a subscription parameter which is not negotiated from the mobile terminal. […]”

and it is used

“[…] for differentiating between bearers when performing allocation and retention of a bearer. In situations where resources are scarce, the relevant network elements can use the Allocation/Retention Priority to prioritize bearers with a high Allocation/Retention Priority over bearers with a low Allocation/Retention Priority when performing admission control. […]”

Most of the contents of 3GPP TS 23.107 also apply to the R99 GPRS domain. Sub-clause 9.1.2 states:

“[…] GPRS Release 99 (R99) QoS attributes shall be equivalent to the UMTS QoS Attributes […]”
However, in GPRS the concept of bearers is different to that of UMTS bearers. As shown in Figure 1, the BSS context for a given mobile station is a set of all PDP contexts associated with the user and the Packet Flow Context is a set of PDP contexts with similar QoS profiles for that same user. The Aggregate BSS QoS Profile (ABQP) is a summary of these similar QoS profiles and is associated with the Packet Flow Context. There may be many Packet Flow Contexts within the BSS context. It should therefore be possible to perform admission control using relative priority of users based on subscription using allocation/retention priority, especially when requesting premium bearers, i.e. those that tend to require a constant bandwidth (e.g. streaming). This would be in-line with UMTS. The concept of Packet Flow Contexts can be loosely associated with concept of Radio Access Bearers in UMTS.
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Figure 1: Relationship between BSS Context, Packet Flow Context and PDP Context for each MS.

Allocation/Retention Priority is probably the most powerful QoS parameter available, as it can provide differentiation of groups of users across all traffic types in the packet switched domain during the admission control process. It cannot be requested or negotiated at the time of PDP context activation, but it can only be changed by altering the subscription. In UMTS, ARP is included in the RAB ASSIGNMENT REQUEST message from the SGSN to the RNC. The RAB ASSIGNMENT REQUEST message is part of RANAP (cf. 3GPP TS 25.413 [3])

1.2 Summary of Coding of ARP in 3GPP standards

Table 1 shows a summary of the coding of the ARP attribute in the referred specifications. It needs to be noted that the following fields are only present on the Iu interface, but not in the MAP or GTP interfaces: Pre-emption Capability, Pre-emption Vulnerability and Queuing Allowed.

Table 1: Coding of the ARP attribute 
Spec
IE length
Values / Range

3GPP TS 23.107 [2]
QoS Architecture
N/A
· Priority Level: three levels: 1, 2 and 3

· Pre-emption Capability: not present
· Pre-emption Vulnerability: not present
· Queuing Allowed: not present

3GPP TS 29.002 [4]
Mobile Application Part (MAP)
1 octet
· Priority Level: Range 0–255, only 1–3 used

· Pre-emption Capability: not present
· Pre-emption Vulnerability: not present
· Queuing Allowed: not present

3GPP TS 29.060 [5]
GPRS Tunnelling Protocol (GTP)
1 octet
· 

3GPP TS 25.413 [3]
RANAP
7 bits?
· Priority Level: INTEGER (0 – 15) , only 1–3 used

· Pre-emption Capability: ENUM (Yes, No)

· Pre-emption Vulnerability: ENUM (Yes, No)

· Queuing Allowed: ENUM (Yes, No)

2 Issue: ARP in GPRS

2.1 General

In the GPRS PDP Context Activation procedure, after the negotiation between SGSN and GGSN, there is a negotiation/creation of PFC between SGSN and BSC. This may either be a new PFC or the addition of a new PDP context to an existing PFC. There is no ARP equivalent parameter in R99 GPRS BSS PFC creation process and hence there is no prioritisation in creating/assigning PFC to users at PDP context activation. This is especially important where a user roams onto GPRS coverage and is both UMTS and GPRS capable while the UMTS network is capable of supporting ARP. It is also likely that the air interface will run out resources to support a new PFC/PDP context (especially in the case of applications with constant data rates) before the core network.

The CREATE BSS PFC PDU in 3GPP TS 08.18 [6]/48.018 [7] (sub-clause 10.4.17) contains an Aggregate BSS QoS Profile (ABQP) Information Element. This ABQP IE is coded as that of the Quality of Service IE in 3GPP TS 24.008 [8] (sub-clause 10.5.6.5). The Quality of Service IE in 3GPP TS 24.008 includes R97 parameters (like Reliability, Precedence, Peak Throughput, Mean Throughput) and R99 parameters (like traffic class, mean bit rate, guaranteed bit rate, traffic handling priority) but it does not include the ARP parameter. The ABQP IE is used to summarise all the different QoS profiles associated with each PDP context within a particular PFC.

In BSSGP, the DL-UNITDATA PDU contains a precedence field which would provide prioritisation on a per packet/frame level (i.e. in the user plane). However, to ensure that if QoS is provided to users, it is necessary to provide differentiation at time of PDP context activation, including PFC allocation (in the control plane).

2.2 Examples

2.2.1 Example 1: ARP not used

There are 4 users on a cell all using a traffic class of streaming and the cell is near its load limit. Some subscribers are high priority and some are low priority, as defined by the ARP value stored in the HLR. A new user requests PDP context activation using interactive class but with high priority. The new user will not be able to create a PFC during the PDP context activation procedure as the load limit has been reached.

2.2.2 Example 2: ARP used

The same 4 users using streaming class and the cell is near its load limit. A new user requests PDP context activation using streaming class with high priority. The new user will be able to create a PFC at the cost of a user with low priority. The users with low priority may either be dropped or their PFC modified to a lower QoS profile (e.g. downgraded to a lower guaranteed data rate) to keep cell within load limit.

2.3 Possible solutions

2.3.1 Solution 1: add ARP in BSSGP messages

This solution adds an ARP IE (as coded in 3GPP TS 29.002 and 29.060) to CREATE BSS PFC, CREATE BSS PFC ACK, MODIFY BSS PFC, MODIFY BSS PFC ACK PDUs in 3GPP TS 08.18/48.018 (sub-clause 10.4.17). As PFCs are unique to a user, the value of ARP will not change for different PFCs and PDP contexts for a given user. Therefore, it is not necessary to include the ARP IE within the ABQP, but within the CREATE BSS PFC REQUEST message itself. It may also be required to add of ARP to message contents of CREATE BSS PFC REQUEST and MODIFY BSS PFC REQUEST messages to 3GPP TS 23.060 [9], sub-clause 12.6.3.5.1.

2.3.2 Solution 2: add ARP in ABQP

This solution changes the definition of the ABQP defined in 3GPP TS 08.18/48.018 (sub-clause 11.3.43) to include ARP, in order to link it to the definition of the QoS profile in GTP, as shown in the annex (see section 6.3). It may also be required to add ARP to the message contents of CREATE BSS PFC REQUEST and MODIFY BSS PFC REQUEST messages in 3GPP TS 23.060, sub-clause 12.6.3.5.1.

2.3.3 Solution 3: mapping of ARP and precedence

Another option is to map the ARP stored in SGSN/HLR to precedence field in R97 section of ABQP. Assuming ARP is used in accordance to 3GPP TS 23.107, i.e. it has 3 different levels and requires 3 or fewer bits. The BSC therefore needs to respect the precedence field even if the MS has signalled that it is R99 capable and R99 QoS profile has been received.

2.3.4 Solution 4: add ARP to QoS IE

This solutions adds the ARP parameters to the QoS IE as defined in 3GPP TS 24.008 and, optionally, remove ARP from GTP QoS Profile IE. This method is undesirable, as it will require major implementation changes in both UMTS and GPRS.

2.3.5 Suggested Solution

It is believed that solution 4 results in major implementation changes in both UMTS and GPRS. Solution 3 would not allow the specification of the Pre-emption Capability, Pre-emption Vulnerability and Queueing Allowed information.

Therefore solutions 1 and 2 are the preferred ones, since:

· They do not affect Release 97 specifications.

· They allow the re-use of the Priority IE, already defined and used in the DL-UNITDATA PDU. Note that this IE, defined in already defined in 08.08 [10] / 48.008.

· They allow such information to be communicated to the BSS at the set-up and modification of the PFC. It is especially important that these parameters are available at the creation of the PFC since some services require resources to ensure a constant data rate over the radio interface (e.g. streaming services). The BSS will use this user priority information to decide whether the resources can be granted or not, before the actual information flow starts.

3 Other issues

In addition to the ARP being missing in BSSGP, there are other issues/questions that have been identified and that should be addressed/answered:

· As mentioned in section 1.2 of this paper, the following fields are only present on the Iu interface, but not in the MAP or GTP interfaces: Pre-emption Capability, Pre-emption Vulnerability and Queuing Allowed. How does the SGSN choose these parameters in the RAB Assignment procedure?

· 3GPP 29.002 v5.3.0 states:

· In 7.6.3.87: "This parameter indicates the allocation/retention priority for Circuit Switched (CS)".
· In 8.8.1.3, Parameter use: "The CS Allocation/Retention priority is used only for Circuit Switched (CS). This parameter specifies relative importance to compare with other bearers about allocation and retention of bearer. This parameter is used only by the VLR and if the SGSN receives this parameter it shall ignore it."

4 Conclusions

Vodafone kindly ask GERAN WG2:

· to agree on the existence of the problem described in section 2.1 of this paper;

· to agree on solution 1 or 2 as they way to overcome this problem; and

· to attempt to answer, if necessary by contact with the relevant expert groups, the two other open issues mentioned in section 3 of this paper.

5 References

[1] 3GPP TD G2#11bis(02)0748, "Issues with the Allocation/Retention Priority QoS attribute", source: Vodafone, 3GPP TSG GERAN WG2 #11bis meeting (Atlanta, USA).

[2] 3GPP TS 23.107 v5.5.0, "3rd Generation Partnership Project; Technical Specification Group Services and System Aspects; QoS Concept and Architecture"

[3] 3GPP TS 25.413, "3rd Generation Partnership Project; Technical Specification Group Radio Access Network; UTRAN Iu interface RANAP signalling"

[4] 3GPP TS 29.002, "3rd Generation Partnership Project; Technical Specification Group Core Network; Mobile Application Part (MAP) specification"

[5] 3GPP TS 29.060, "3rd Generation Partnership Project; Technical Specification Group Core Network; General Packet Radio Service (GPRS); GPRS Tunnelling Protocol (GTP) across the Gn and Gp Interface"

[6] 3GPP TS 08.18 v8.9.0, “Base Station System (BSS) – Serving GPRS Support Node (SGSN); BSS GPRS Protocol (BSSGP)"

[7] 3GPP TS 48.018 v5.4.0, "Base Station System (BSS) – Serving GPRS Support Node (SGSN); BSS GPRS Protocol (BSSGP)"

[8] 3GPP TS 24.008 v3.13.0, "Mobile radio interface layer 3 specification; Core Network Protocols - Stage 3"

[9] 3GPP TS 23.060, "3rd Generation Partnership Project; Technical Specification Group Services and System Aspects; General Packet Radio Service (GPRS); Service description; Stage 2"

[10] 3GPP TS 08.08, "3rd Generation Partnership Project; Technical Specification Group GSM/EDGE Radio Access Network; Mobile-services Switching Centre - Base Station System (MSC - BSS) interface; Layer 3 specification"

Annex: Coding of ARP and QoS

5.1 3GPP TS 23.107

Allocation/Retention Priority is defined in sub-clauses 6.5.1 and 6.5.2 of 3GPP TS 23.107 as a set of three values:

1 – High Priority

2 – Medium Priority

3 – Low Priority

5.2 3GPP TS 29.002

ARP is coded in the Ext-QoS-Subscribed IE (sub-clause 17.7.1) as:

CS-AllocationRetentionPriority ::= OCTET STRING (SIZE (1))

-- This data type encodes each priority level defined in TS 23.107 as the binary value


-- of the priority level.

5.3 3GPP TS 29.060

ARP is coded within Quality of Service Profile IE (sub-clause 7.7.34). See excerpt:

"[…] The Quality of Service (QoS) Profile shall include the values of the defined QoS parameters. Octet 4 carries the allocation/retention priority octet that is defined in 3GPP TS 23.107. The allocation/retention priority octet encodes each priority level defined in 23.107 as the binary value of the priority level. Octets 5 – n are coded according to 3GPP TS 24.008 Quality of Service IE, octets 3 - 13. If a pre-Release '99 only capable terminal is served, octets 5 - n are coded according to 3GPP TS 44.008 Quality of Service IE, octets 3 - 5. The minimum length of the field QoS Profile Data is 3 octets; the maximum length may be up to 254 octets.

The allocation/retention priority shall be ignored if the QoS profile is pre-Release '99 or the QoS profile is present in Quality of Service Requested (QoS Req) of the PDP context. A receiving end shall interpret the QoS profile Data field to be coded according to 3GPP TS 44.008 (i.e. according to the pre-Release '99 format) if the Length field value is 4. […]"
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Figure 1: Quality of Service (QoS) Profile Information Element in 29.060

5.4 3GPP TS 25.413

The Allocation/Retention Priority IE is coded in RANAP within RAB Parameters IE (sub-clause 9.2.1.3) as:


IE/Group Name
Presence
Range
IE type and reference
Semantics description

>Allocation/Retention priority
O

See below
Desc.: This IE specifies the relative importance compared to other Radio access bearers for allocation and retention of the Radio access bearer.

Usage:

If this IE is not received, the request is regarded as it cannot trigger the pre-emption process and it is vulnerable to the pre-emption process.

IE/Group Name
Presence
Range
IE type and reference
Semantics description

Allocation/Retention Priority





>Priority Level
M

INTEGER {spare (0), highest (1), .., lowest (14), no priority (15)}  (0..15)
Desc.: This IE indicates the priority of the request.

Usage:

Values between 1 and 14 are ordered in decreasing order of priority, '1' being the highest and '14' the lowest.

Value 0 shall be treated as a logical error if received.

The priority level and the preemption indicators may be used to determine whether the request has to be performed unconditionally and immediately

>Pre-emption Capability
M

ENUMERATED(shall not trigger pre-emption, may trigger pre-emption)
Descr.: This IE indicates the pre-emption capability of the request on other RABs

Usage: 

The RAB shall not pre-empt other RABs or, the RAB may pre-empt other RABs

The Pre-emption Capability indicator applies to the allocation of resources for a RAB and as such it provides the trigger to the pre-emption procedures/processes of the RNS.

>Pre-emption Vulnerability
M

ENUMERATED(not  pre-emptable,  pre-emptable)
Desc.: This IE indicates the vulnerability of the RAB to preemption of other RABs.

Usage:

The RAB shall not be pre-empted by other RABs or the RAB  may be pre-empted by other RABs.

Pre-emption Vulnerability indicator applies for the entire duration of the RAB, unless modified and as such indicates whether the RAB is a target of the pre-emption procedures/processes of the RNS

>Queuing Allowed
M

ENUMERATED(queuing not allowed, queuing allowed)
Desc.: This IE indicates whether the request can be placed into a resource allocation queue or not.

Usage:

Queuing of the RAB is allowed

Queuing of the RAB is not allowed

Queuing allowed indicator applies for the entire duration of the RAB, unless modified.

The ASN.1 encoding of these IEs is specified in sub-clause 9.3.4, Information Element Definitions:

AllocationOrRetentionPriority ::= SEQUENCE {


PriorityLevel



PriorityLevel,


pre-emptionCapability

Pre-emptionCapability,


pre-emptionVulnerability
Pre-emptionVulnerability,


queuingAllowed



QueuingAllowed,


iE-Extensions



ProtocolExtensionContainer { {AllocationOrRetentionPriority-ExtIEs} } OPTIONAL,


...

}

PriorityLevel ::= INTEGER { spare (0), highest (1), lowest (14), no-priority (15) } (0..15)

Pre-emptionCapability ::= ENUMERATED {


shall-not-trigger-pre-emption,


may-trigger-pre-emption

}

Pre-emptionVulnerability ::= ENUMERATED {


not-pre-emptable,


pre-emptable
}

QueuingAllowed ::= ENUMERATED {


queueing-not-allowed,


queueing-allowed

}

5.5 3GPP TS 24.008

The Quality of Service IE is coded in sub-clause 10.5.6.5 of 3GPP TS 24.008 as follows:

8
7
6
5
4
3
2
1


Quality of service IEI
octet 1

Length of quality of service IE
Octet 2

0
0
spare
Delay
class
Reliability
class
octet 3

Peak 
throughput
0
spare
Precedence
class
octet 4

0
0
0
spare
Mean
throughput
octet 5

Traffic Class
Delivery order
Delivery of erroneous SDU
Octet 6

Maximum SDU size
Octet 7

Maximum bit rate for uplink
Octet 8

Maximum bit rate for downlink
Octet 9

Residual BER
SDU error ratio
Octet 10

Transfer delay
Traffic Handling priority
Octet 11


Guaranteed bit rate for uplink
Octet 12

Guaranteed bit rate for downlink
Octet 13
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