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MS RAC Handling in Network
1. Introduction
The contribution from Reseach In Motion highlighted problems with the transmission of mobile station’s radio access capabilities over the air interface at the RLC layer [1]. Posisble ways to solve or minimize the problem were also presented in GERAN [2]. The goal of this document is to complete the analysis with the review of NAS mechanisms. In particular, we look at the transmission of mobile stations’s radio access capabilities over the air at NAS layer and the availability of this information in network elements, SGSN and BSS.

2. Transmission of MS RAC at NAS Layer
The mobile station’s radio access capabilities are transmitted to SGSN using the MS Radio Access Capability IE during GPRS attach and routing area update procedure. The MS Radio Access Capability IE is a mandatory IE in the ATTACH REQUEST message and the ROUTING AREA UPDATE REQUEST message [3]. 

3. MS RAC on Gb Interface

The SGSN sends the MS Radio Access Capability during creation of BSS PFC, along with DL LLC PDU in DL-UNITDATA PDU, or upon request from BSS during the radio access capability update procedure. The radio access capability update procedure provides the BSS with a mechanism to request MS Radio Access Capability from SGSN [4]. The BSS request the MS Radio Access Capability by sending RA‑CAPABILITY-UPDATE PDU which includes the TLLI of the MS. 
4. Discussion
In this section we discuss possible handlings of mobile station’s radio access capabilities in different use cases. 

4.1 GPRS Attach

The mobile station initiates the GPRS attach procedure by sending the ATTACH REQUEST message. This message includes the MS radio access capability. The GMM-sublayer requests the transmission of GMM-PDU from LLC-sublayer through the LLC-UNITDATA-REQ primitive. The request includes also the TLLI. The TLLI is either a foreign TLLI, if the mobile station has a valid P-TMSI, or a random TLLI, if the mobile station has no valid P-TMSI or a new PLMN (not a registered PLMN or equivalent PLMN) is entered. The LLC-sublayer uses the GRR-DATA primitive provided by GRR-sublayer to request the reliable transmission of the LLC-PDU. The request from LLC-sublayer triggers the RR-sublayer to establish connection with the network. We assume the support of EGPRS PACKET CHANNEL REQUEST and thus the mobile station sends the EGPRS PACKET CHANNEL REQUEST indicating “Signalling”.
The BSS may respond to the channel request by granting a one phase packet access or a two phase access packet access. In both cases, the BSS may request the mobile station to transmit its radio access capabilities. Keeping in mind that MS RAC may be available at SGSN, the BSS has no information upon reception of the channel request whether the MS radio access capabilities are available in the network (at SGSN or possible even stored at BSS). Thus, the decision about the request of MS radio access capabilities is done blindly.
The MS has a valid P-TMSI available upon a successful completion of the GPRS attach. This may be the P-TMSI used in the attach procedure if the network does not allocate a new P-TMSI. If no valid P-TMSI is available for the GPRS attach then the network shall assign a P-TMSI to the mobile station. In any case, the mobile station shall derive a local TLLI from the stored P-TMSI after a successful GPRS attach. However, the network must be prepared to continue accepting LLC frames using a foreign/random TLLI [3].
4.2 Routing Area Update

The routing area update procedure is very similar to the GPRS attach procedure. The mobile station derives a foreign TLLI from a stored P-TMSI. This TLLI is used in the LLC-UNITDATA-REQ primitive to request the ROUTING AREA UPDATE REQUEST message from the lower layer. The events at lower layers are the same as in the case of GPRS attach procedure.

After successful routing area update procedure, the mobile station derives a local TLLI from a stored P-TMSI. Like in the GPRS attach, the local TLLI shall be used for addressing at lower layers after a successful routing area update. However, the network must be prepared to continue accepting LLC frames using a foreign TLLI [3].
4.3 After Successful GPRS Attach or Routing Area Update
4.3.1 Upper Layer Signalling

When there is a request for transmission of upper layer signalling such as page response, cell update, GMM or MM signalling, the RR-sublayer uses the EGPRS PACKET CHANNEL REQUEST message with access type “Signalling”. This message is the same as the one used to request radio resources for transmission of the ATTACH REQUEST message and the ROUTING AREA UPDATE REQUEST message. The difference is that the mobile station’s radio access capabilities are already available in the network in SGSN and possibly also stored in BSS. The BSS cannot distinguish between different types of signalling at the reception of the EGPRS PACKET CHANNEL REQUEST message and therefore the BSS cannot know whether it should request the MS radio access capability or rely on SGSN to provide it. An indication in the EGPRS PACKET CHANNEL REQUEST message could help but any benefit of such indication is yet to be studied.
4.3.2 User Data Transmission

The mobile station initiates the packet access procedure for the purpose of user data by the transmission of the EGPRS PACKET CHANNEL REQUEST with access type “One Phase Access Request”, “Two Phase Access Request”, “One Phase Access Request by Reduced Latency MS”, or “Two Phase Access Request by IPA capable MS”. If the BSS receives the EGPRS PACKET CHANNEL REQUEST message with one of these access types, the BSS can be sure that the MS radio access capability is available in the network with one exception. This exception is upper layer signalling by mobile station configured for “low access priority” which uses the two phase access request. It can be assumed that the MS radio access capability acquisition for “low access priority” mobile station is not crucial. The BSS can rely on SGSN to provide the MS radio access capabilities and it can grant the two phase packet access without the request for MS radio access capability transmission. 
In the exceptional case of “low access priority” mobile station, the mobile station may be performing the GPRS attach or routing area update procedure and the MS radio access capability is not available in the network. The radio access capability update procedure may not complete successfully and the BSS will not be able to reconfigure TBF according to the MS capabilities. However, this does not seem to be a crucial problem as this is the case of “low access priority” mobile stations.
5. Conclusions
The availability of mobile station’s radio access capabilities in the network is reviewed in this document. The mobile station’s radio access capabilities are available at SGSN after a successful GPRS attach or routing area update procedure. The BSS can request the mobile station’s radio access capability for associated TLLI, if the BSS has no information about the radio access capabilities. 
The fact, that the mobile station’s radio access capabilities are available in the network, should not be overlooked and the network should utilize this information. The BSS can rely on SGSN to provide the MS radio access capability during packet access procedure for user data transmission. There is an exceptional case of “low access priority” mobile performing GPRS attach or routing area update procedure but this is not seen as a crucial problem.

When the packet access procedure is initiated for the purpose of upper layer signalling, the BSS cannot know whether the MS radio access capability is available in the network or not. The BSS attempt to acquire the MS radio access capability would most likely fail if the mobile station performs GPRS attach or routing area update depending on when the BSS triggers the radio access capability update procedure, i.e. before or after the transmission of LLC PDU to SGSN. It is for further consideration whether an indication, which would help the BSS to distinguish packet access requests for for different type of signalling, would provide any benefits.

The message size limitation of the PACKET CHANNEL REQUEST message and the ADDITIONAL MS RADIO ACCESS CAPABILITY message in regard to the provisioning of MS radio access capabilities cannot be disputed [1]. However, the transmission of radio access capabilities as part of packet access procedure can be avoided in many cases as the information is already available in the network. The existing mechanisms in the network should be considered before an agreement on the proposal to modify the MS radio access capabilities structure and optimize the PACKET RESOURCE REQUEST message is reached in GERAN as this proposal requires quite significant changes [5]. 
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