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Considerations on ARP handling in GERAN Gb mode

During last GERAN WG2 #11 bis meeting a few documents were presented [1] [2] outlining different proposals to convey the Allocation/Retention Priority attribute (described in TS 23.107 [3]) over the Gb interface (from the SGSN to the BSS). Document [2] is attached in the annex of this document for information.

Here some considerations are provided to support decisions on this issue.

1. Meaning/scope of ARP 

In [3] it is stated that the 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”. 

Such “priority 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”.
The goal of conveying this parameter to the BSS therefore should be the provision of further information (i.e. besides traffic class, guaranteed bit rate, etc.) to enhance admission control (in congested scenarios). To achieve this result the ARP information must be provided in some way during PFM procedures (as outlined also in [1] and in line with the concept of eGB RAB service contained in [4]). 

Any of the proposals described in [1] will reach this goal:

1. adding ARP in BSSGP messages

2. adding ARP in ABQP

3. mapping of ARP and precedence

4. adding ARP to QoS IE

Adopting solution 3 there is no need to introduce a new IE in any message. Siemens already provided a CR to 48.018 in GERAN2bis#11 meeting including the mapping between ARP and precedence  in the QoS Profile IE in the DL-UNITDATA PDUs [2]. In addition to that, to perform admission control (based on all already foreseen ABQP attributes + ARP) all the information must be available during Create/Modify BSS PFC procedures. Therefore the mapping (or “reuse of the field”) service precedence -> ARP has to be done first of all in the ABQP IE. In other words, if solution number 3 will be adopted, an additional clarification in the CR to 48.018 needs to be provided.


Furthermore, even though ARP is a not-negotiable subscription parameter, there could be different ARPs per subscriber, in case the subscriber uses different APNs.

In this case, services requiring different ARPs will have different PDP contexts, and it should be:

· either mandated that such PDP contexts will be mapped on different PFCs

· or, in the case a single PFC is still used, it will have to contain one ARP value only (and all the related DL-UNITDATA PDUs will preferably have the same “service precedence/ARP” field if solution number 3 is adopted)

If no such clarification is done the behaviour of admission control will remain unpredictable.

2. Expected behaviour at the BSS

Before discussing the technical solution to convey ARP to the BSS, it should be clearly agreed how this attribute should be handled. Even if it is agreed that (according to the definition) ARP will be used during AC, the relations (i.e. the relative importance) with other QoS attributes (first of all the Traffic Class) should be defined.

From TS 25.413 [5]:

“The RNC shall establish or modify the resources according to the values of the Allocation/Retention Priority IE (priority level, pre-emption indicators, queuing) and the resource situation as follows:

-
The RNC shall consider the priority level of the requested RAB, when deciding on the resource allocation.

-
If the requested RAB is allowed for queuing and the resource situation so requires, RNC may place the RAB in the establishment queue.

-
The priority levels and the pre-emption indicators may (singularly or in combination) be used to determine whether the RAB assignment has to be performed unconditionally and immediately. If the requested RAB is marked as "may trigger pre-emption" and the resource situation so requires, RNC may trigger the pre-emption procedure which may then cause the forced release of a lower priority RAB which is marked as "pre-emptable". Whilst the process and the extent of the pre-emption procedure is operator dependent, the pre-emption indicators, if given in the RAB ASSIGNMENT REQUEST message, shall be treated as follows:

1.
The values of the last received Pre-emption Vulnerability IE and Priority Level IE shall prevail.

2.
If the Pre-emption Capability IE is set to "may trigger pre-emption", then this allocation request may trigger the pre-emption procedure.

3.
If the Pre-emption Capability IE is set to "shall not trigger pre-emption", then this allocation request shall not trigger the pre-emption procedure.

4.
If the Pre-emption Vulnerability IE is set to "pre-emptable", then this connection shall be included in the pre-emption process.

5.
If the Pre-emption Vulnerability IE is set to "not pre-emptable", then this connection shall not be included in the pre-emption process.

6.
If the Priority Level IE is set to "no priority" the given values for the Pre-emption Capability IE and Pre-emption Vulnerability IE shall not be considered. Instead the values "shall not trigger pre-emption" and "not pre-emptable" shall prevail.

-
If the Allocation/Retention Priority IE is not given in the RAB ASSIGNMENT REQUEST message, the allocation request shall not trigger the pre-emption process and the connection may be pre-empted and considered to have the value "lowest" as priority level. Moreover, queuing shall not be allowed.

-
The UTRAN pre-emption process shall keep the following rules:

1.
UTRAN shall only pre‑empt RABs with lower priority, in ascending order of priority.

2.
The pre-emption may be done for RABs belonging to the same UE or to other UEs.”

In UTRAN it is therefore clear that ARP is the most powerful QoS attribute, i.e. the one that takes precedence over all the other ones (including Traffic Class) when performing Admission Control. Again, to enable accurate decisions, the ARP attribute contains several fields (i.e. Priority Level, Pre-emption Capability, Pre-emption Vulnerability, Queuing Allowed) during RAB Assignment procedures. Up to now such fields are not foreseen for Gb mode, and only 3 values for ARP are possible. 

Can it be agreed that, in this scenario, the ARP attribute is still the most important one, taking precedence in any case over the Traffic Class? In other words, is it agreed that, for instance, if a 'background' service with the highest ARP competes for resources with a 'real time' service having a lower ARP, it is the 'background' service that will be allocated/retained?

In our understanding these answers have to provided first, otherwise the usage of ARP parameter will also lead to highly implementation dependent network behaviours.

3. Complexity

It could be noticed that the possibility to allocate/retain RABs according to the ARP attribute is, at least in principle, relatively easy using a WCDMA Radio Access Technology. For instance, in case of congestion of resources, a “low ARP” RAB could be released, thus freeing some spreading code(s) that could be immediately reused to allocate a new “higher ARP” RAB. 

On the contrary, in GERAN the strategy would not be so easy. Even here, in case of congestion, one may think to release a “low ARP” PFC to accommodate a new “higher ARP” PFC. Releasing resources related to one PFC means that the corresponding ongoing TBF(s) will be released. But the number of possibly freed
 PDCHs could be not enough to allocate the TBF for the new PFC (that, for instance, may be related to a guaranteed bit rate streaming service). Therefore another “low ARP” PFC (i.e. another TBF) will have to be released possibly freeing some more PDCHs. If at the end of the process the available PDCHs are not contiguous, a new procedure has to be started to group all the empty PDCHs. In other words, in GERAN the full support of this ARP-based allocation/retention feature could be provided only at the expense of a lot of resource (TBF) reconfigurations
.

The consideration on the intrinsic complexity of this – new! - feature may therefore suggest to postpone such enhancements to a later release (Rel 6).

4. Proposal

It is proposed to discuss the above-mentioned aspects on ARP usage in order to reach consensus on how this parameter is interpreted in GERAN. Siemens is proposing the following way forward:

· Usage of ARP in BSS admission control is considered as a new release 6 feature. The consequences if this feature is not available in earlier releases do not result in an essential correction.

· A mapping of ARP on precedence class information is strongly preferred in order to avoid any new information elements. This needs to be reflected in TS 48.018. The mapping needs to be introduced both in the QoS Profile IE in the DL-UNITDATA PDUs as in [2] and in the ABQP IE in Create/Modify BSS PFC procedures. 

· Mapping of PDP contexts with different ARP on the same PFC needs to be avoided. It has to be clarified how this is reflected in the specifications.

· Usage of ARP in the BSS admission control needs to be determined. It has to be clarified how this is reflected in the specifications.

It is proposed to discuss the above-mentioned items and decide on the next steps.
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6.1
Downlink UNITDATA procedure
On the downlink, a DL-UNITDATA PDU shall contain information elements to be used by the RLC/MAC function and an LLC-PDU. There shall be only one LLC-PDU per DL-UNITDATA PDU. The LLC-PDU shall always be the last information element in the DL-UNITDATA PDU, and shall be aligned on a 32 bit boundary for efficient processing.

An SGSN provides the BSSGP with a current TLLI, identifying the MS. If an SGSN provides a second TLLI, indicating that an MS has recently changed its TLLI, this shall be considered as the "old" TLLI. A BSS uses the "old" TLLI to locate an MS's existing context. Subsequent uplink data transfers for this MS shall reference the current TLLI, and not the old TLLI.

The SGSN shall include the IMSI in the PDU. As an exception, the SGSN may omit the IMSI in the PDU if the mobile station identified by the TLLI is in MM non-DRX mode period (i.e. during a GMM procedure for GPRS attach or routing area updating defined in 3GPP TS 24.008 [11]) and the SGSN does not have a valid IMSI.

The SGSN may include the Service UTRAN CCO (Cell Change Order) information element in the PDU (relevant if the network initiated cell change order to UTRAN procedure is used). If this information element is received in both the DL-UNITDATA PDU and the CREATE-BSS-PFC PDU, the information element received in the DL-UNITDATA PDU shall take precedence.
If the SGSN has valid DRX Parameters for a TLLI, then the SGSN shall include them in the PDU. Nevertheless, the SGSN can omit the DRX Parameters if the MS identified with the TLLI is in MM non-DRX mode period to speed up the transmission of the LLC-PDU on the radio interface. The SGSN shall not send a DL-UNITDATA PDU without the DRX Parameters IE if the MS identified with the TLLI is not in MM non-DRX mode period.

An SGSN provides the BSSGP with MS specific information, enabling the RLC/MAC entity in a BSS to transmit an LLC-PDU to the MS in a user specific manner. The information made available to the radio interface includes:

-
MS Radio Access Capability. This defines the radio capabilities of the ME. If there is valid MS Radio Access Capability information known by the SGSN for the associated MS, the SGSN shall include it in the DL‑UNITDATA PDU. Otherwise, MS Radio Access Capability shall not be present;

-
Packet Flow Identifier. This identifies the packet flow context associated with the LLC PDU and is included by the SGSN if the packet flow context feature is negotiated. If the mobile station does not support the PFC feature or if the PFI is not known (e.g. the new SGSN did not get the PFI from the old SGSN during a RAU) then the SGSN shall use the pre-defined PFI to indicate best-effort QoS;

-
QoS Profile. This defines the (peak) bit rate, the type of BSSGP's SDU (signalling or data), the type of LLC frame (ACK, SACK, or not), the precedence class, and the transmission mode to be used when transmitting the LLC-PDU across the radio interface. If the PFI is included then the maximum bit rate for downlink specified in the PFC ABQP shall supersede the peak bit rate specified in the QoS Profile IE; if the Allocation/Retention priority is present at the SGSN, the SGSNshall map the Allocation/Retention priority into the precedence class field of the QoS Profile IE.

-
PDU Lifetime. This defines the remaining time period that the PDU is considered as valid within the BSS. If the PDU is held for a period exceeding the "PDU Lifetime" time period, the PDU shall be locally discarded. The PDU Lifetime is set within the SGSN by the upper layers.

A BSS may incorporate the PDU Lifetime, the Precedence and the (peak) bit rate into its radio resource scheduler. If the PFI is present then the BSS may incorporate the information from the associated ABQP into its radio resource scheduler. The algorithm to do this is out of scope of the present document.

Two types of BSSGP SDU are distinguished within the QoS Profile: layer 3 signalling and data. Layer 3 signalling may be transmitted over the Um interface with higher protection. If the MS has an RR connection to the network (see 3GPP TS 44.018), Layer 3 signalling may be transmitted over the Um interface on the main signalling link of the RR connection, provided that the LLC PDU meets length restrictions imposed by the BSS. In this case, the BSS shall include the LLC PDU contained in the BSSGP PDU in the correspondent Layer 3 Um interface message (see 3GPP TS 44.018).

The type of LLC frame indicates if the LLC frame type is an ACK or SACK command/response, or not (see 3GPP TS 44.064). An ACK or SACK command/response frame type may be transmitted over the Um interface with higher protection.

Two transmission modes across the radio interface are possible: acknowledged (using RLC/MAC ARQ functionality) and unacknowledged (using RLC/MAC unitdata functionality). These transmission modes do not apply when the MS has an RR connection to the network and BSS uses the main signalling link of the RR connection, in which case the acknowledged transmission mode is used.

If Priority is present, only the priority-level field shall be regarded. The management of priority levels is implementation dependent and under operator control. The preemption capability indicator, the queuing allowed indicator and preemption vulnerability indicator shall be ignored.

In addition to constructing the DL-UNITDATA, the SGSN supplies the LSP, the BVCI, the NSEI, and for an IP sub-network the NS Change IP endpoint, associated with the MS to the lower layer network service, enabling network service routeing to the peer entity. These parameters are not transmitted as part of the BSSGP across the Gb-interface for the purpose of identifying the receiving endpoint (they are sent in the BSSGP Perform-Location-Request PDU to identify the serving cell of the target MS).

If the Gb-interface is supported using an IP sub-network , then the Resource Distribution function at the SGSN may transmit a BSSGP DL-UNITDATA PDU with an LLC-PDU Length Indicator set to 0. The BSS uses this DL‑UNITDATA to change the IP endpoint at the SGSN to which any future UL-UNITDATA for the TLLI (indicated in the DL-UNITDATA) is sent. The LLC-PDU with a Length Indicator set to 0 is not sent across the radio interface.

In the case where localised service area is supported the SGSN may inform the BSS as to which LSA identities that the mobile has preferences by sending the LSA INFORMATION element. The BSS stores this information and uses it e.g. for network controlled cell re-selection when determining specific cell selection parameters for the mobile. The algorithm for determining specific cell selection parameters for the mobile is not defined further in this technical specification.

� If several TBFs were multiplexed on the same PDCHs, such PDCHs will not be completely freed after a single TBF release


� It could be interesting to verify why in the past it was deliberately decided not to include the ARP in the ABQP (differently from all the other UMTS QoS attributes!)
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