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Emergency call in GERAN Iu mode 

1. Introduction

In GSM the MS triggers the Emergency call by sending a RACH access with a cause “Emergency call”. In UTRAN the UE triggers the Emergency call by sending a RRC CONNECTION REQUEST message on the RACH with the cause “Emergency call”. Both way are not usable because only the PRACH is available  in GERAN Iu mode. The present document proposes an adaptation of the GSM and UTRAN concepts to the GERAN Iu mode

2. Emergency call in A/Gb mode

In A/Gb mode the MS in RR idle triggers the Emergency call by sending a RACH access with a cause “Emergency call”. The network uses this cause to allocate with highest priority a SDCCH to establish the RR connection. If no SDCCH is available the network may free an already allocated SDCCH or also allocate a TCH (early assignment) and use this channel for the signalling. All these possibilities are controlled by O&M parameters. Once the RR connection established the MS sends a CM SERVICE REQUEST message to the CN (CS domain) specifying an emergency call, and the CN is able to react accordingly.

If the radio network is aware that the A interface is temporarily or permanently out of service it will not answer the RACH access. The MS will repeat to access the RACH access. The parameter “Max Retrans” broadcast on the BCCH specifies the maximum number of RACH access trials after which the MS is allowed to reselect another cell and tries again to establish the emergency call.

If the MS is PS connected, a class B A/Gb MS will trigger the suspend procedure via RR signalling and the receiving BSC could then forward the suspend indication towards the SGSN. After the release of the CS connection either the BSC indicates that it has informed the SGSN about the resume or the MS has to perform a Routing Area Update procedure for the resumption. A  class A MS will just continue to transmit PS data.

3. Emergency call in UTRAN

3.1. UE in Idle mode

In UTRAN the UE in idle mode triggers the RRC connection by sending a RRC CONNECTION REQUEST message on the RACH with a cause “Emergency call”.

The network may use this cause to allocate with highest priority a DCH to establish the RRC connection. If no radio resource is available the network may under control of O&M free already allocated radio resource. Once the RRC connection established the UE sends a INITIAL DIRECT TRANSFER message to the CN where the NAS message specifies an emergency call, and the CN is able to react accordingly.

If the radio network is aware that the Iucs interface is temporarily out of service it will reject the RRC connection with the message RRC CONNECTION REJECT message. This message may contain an IE  “redirection info” to assist the UE to re-select either another UTRAN frequency or to change to GSM.

3.2. UE in Connected mode

In CELL_DEDICATED or CELL_FACH state the UE sends a INITIAL DIRECT TRANSFER message to the CN (CS domain) where the NAS message specifies an emergency call. In CELL_PCH or URA_PCH state, the UE shall perform first a cell update procedure, using the cause "uplink data transmission", and when the cell update procedure completed successfully, continue with the initial direct transfer procedure as described above.

In case the Iucs interface is temporarily or permanently out of service the CN will not react and the UE will initiate after expiration of a timer a RRC Signalling Connection Release Indication procedure and remain in the cell. The RNC might react with a RRC connection release message. However there is no means for the UE to reselect another cell as long as the RRC connection is maintained and no special handling of the Release cause seems to be specified.

4. Emergency call in GERAN Iu mode 

Since the RRC in GERAN is mostly aligned with UTRAN it is proposed to align mostly the GERAN Iu mode to the UTRAN. Improvements are proposed, following mostly the UTRAN idea to let the network control which cell may offer an alternative in the case the Emergency call fails.

4.1. MS in Idle mode

4.1.1. Basic proposal strongly aligned to UTRAN

In GERAN Iu mode the MS in idle mode first selects a cell connected Then it starts the establishment of the RRC connection by sending a PACKET CHANNEL REQUEST message on the PRACH with a high priority cause like “Dedicated Signalling Channel”, see [1].

The network may use this cause to allocate with highest priority an SDCCH to establish the RRC connection. If no SDCCH is available the network may allocate a TBF. On this TBF the MS transmits  the RRC CONNECTION REQUEST message with a cause “Emergency call”. The network will answer with a RRC CONNECTION SETUP message. Once the RRC connection established the UE sends a INITIAL DIRECT TRANSFER message to the CN where the NAS message specifies an emergency call, and the CN is able to react accordingly.

After the reception of RRC CONNECTION REQUEST message the BSS is aware of the service and may reconfigure the SRB2 on a SDCCH or a TCH like in the A/Gb mode case.

If the radio network is aware that the Iucs interface is temporarily out of service it will reject the RRC connection with the RRC CONNECTION REJECT message. This message may contain an IE  “redirection info” to assist the UE to find a better cell. This IE has to be redefined to be adapted to the GERAN needs. It may contain for example the Cell_Id and the PBCCH frequency of an umbrella cell connected to another BSS with an Iucs interface, and/or simply the Cell_Id of the same cell but in A/Gb mode in the case the MS is also A/Gb capable.

4.1.2. Improvement 1: select directly the right mode in the camping cell

Since the higher NAS layer provides the RRC with the information “Emergency call” to be included in the RRC_CONNECTION_REQUEST message this information can be used by the MS to directly choose the mode of operation promising the better success rate for the emergency call. Whenever  the PBCCH broadcast the information the Iucs interface is permanently not available the MS can, when and the MS is also A/Gb capable, operate directly in A/Gb mode to establish the emergency call over a RR connection instead of a RRC connection (yuk, how disgusting this service aware mode selection, isn´t it Niels ?). Once the emergency call is released the MS returns to the Iu mode.

Since the MS operates still in the best cell this autonomous mode selection offers a real speed gain to establish the emergency call without the disadvantages of a service aware cell reselection.

This improvement however cannot combat a temporary Iucs failure.

4.1.3. Improvement 2: introduce a cause “Emergency call” on the PCR.

Introducing a cause “Emergency call” on the PCR allows MAC to reject the access and thus to achieve a similar treatment like in A/Gb mode. However this measure does not appear necessary, as the UTRAN like solution provides a better solution for the cell reselection of the MS in case of Iucs failure. Additionally making the BSS MAC aware of the Iucs failure is not an architectural clean solution. 

4.2. MS in Connected mode

4.2.1. Basic proposal strongly aligned to UTRAN

In CELL_Dedicated state the MS sends a INITIAL DIRECT TRANSFER message to the CN (CS domain) on the SRB2 mapped on the dedicated channel where the NAS message specifies an emergency call, and the CN is able to react accordingly.

In case the Iucs interface is temporarily or permanently out of service the CN will not react and the MS will initiate after expiration of a timer a RRC Signalling Connection Release Indication procedure and remain in the cell. After completion of the RRC Connection Release procedure 4.1 applies. There is no means for the MS to reselect another cell as long as the RRC connection is maintained.

In CELL_Shared state the MS shall initiate the Emergency call by sending a PCR on the PRACH (or on the PACCH if available) with a cause “Dedicated Signalling Channel”. The network may use this cause to allocate with highest priority a PDTCH on a DBPSCH to map the SRB2 and the existing bearers on it. If no DBPSCH is available the network may allocate a TBF on a SBPSCH. On the SRB2 the MS sends an INITIAL DIRECT TRANSFER message to the CN (CS domain) where the NAS message specifies an emergency call, and the CN is able to react accordingly.

In case the Iucs interface is temporarily or permanently out of service the CN will not react and the MS will initiate after expiration of a timer a RRC Signalling Connection Release Indication procedure and remain in the cell. After completion of the RRC Connection Release procedure 4.1 applies. Like in UTRAN there is no mean for the UE to reselect another cell as long as the RRC connection is maintained.

In GRA_PCH state, the MS shall initiate first a cell update procedure, using the cause "uplink data transmission" by sending a PCR on the PRACH with a cause “Dedicated Signalling Channel”. The BSS should if possible allocate a dedicated resource to perform the cell update procedure with the Cell update cause “uplink data transmission”. The SBSC will probably trigger a SBSC Relocation procedure and the further proceeding is the same as above.

4.2.2. Improvement 1: introduce a cause “Emergency call” on the PCR

Once again an alternative solution could be to introduce a cause “Emergency call” on the PCR to allow MAC to reject the access in the Cell_Shared and GRA_PCH state with a new reject cause in the PACKET ACCESS REJECT message in the case of a temporarily failure of the Iucs interface. However once again making the BSS MAC aware of the Iucs failure is not an architectural clean solution, and this solution fails in the GRA_PCH case, because the SBSC has no information about the state of the Iucs in the DBSC. Additionally it is not clear what should happen once the MS RRC knows about the Iucs failure. At least the NAS layer should be involved in the decision.

4.2.3. Improvement 2: Introduction of a new INITIAL DIRECT TRANSFER REJECT message

In case of a temporary or permanent failure of the Iucs interface it is proposed that the RRC in the network answer with a new INITIAL DIRECT TRANSFER REJECT message. This message shall contain mainly the same “redirection info” as the RRC CONNECTION REJECT message in section 4.2. Other possible tbd IE´s may be the CN domain identity, the Intra-Domain NAS Node Selector

The gain is twofold:

· The MS can immediately initiate the RRC Signalling Connection Release Indication procedure.

· Once this procedure successfully terminated the MS shall reselect immediately under control of the network an appropriate cell and/or the mode.

This kind of service aware cell reselection appears less disgusting, because network controlled and therefore causing limited damages in the network planning.

A more sophisticated solution could be to reselect immediately the indicated cell in Iu mode and establish the emergency call parallel to re-established PS service. However this solution appears complicated due to many different cases (DBPSCH, SBPSCH) and require more delay than the quite straight forward solution above.

4.2.4. Improvement 3: Answer the INITIAL DIRECT TRANSFER message directly with the RRC CONNECTION RELEASE

A further improvement may be realised by answering directly the INITIAL DIRECT TRANSFER message with a RRC CONNECTION RELEASE message. The RRC CONNECTION RELEASE message shall be improved to contain mainly the same “redirection info” as the RRC CONNECTION REJECT message in section 4.2. 

The gain is higher as in the previous improvement, since 2 signalling messages less are needed. The precondition is that the RRC is allowed to release the RRC connection or able to negotiate about this release with the SGSN.

4.2.5. Improvement 4:  choose directly the best cell in Cell Shared or GRA_PCH states

In both states the MS is able to read on the PBCCH whether the cell is permanently connected to the CS domain through an A and/or an Iucs interface. The RRC in the MS can be informed by the NAS layers that an emergency call is ongoing and trigger directly the cell reselection to establish the emergency call in the best possible cell.

This improvement offers 2 major drawbacks in comparison to the previous one:

· It cannot handle the case of a temporary Iucs out of service.

· The cell reselection is not controlled by the network and is thus really disgusting.

4.2.6. Improvement 5:  Introduce a cause “Emergency call” in the CELL UPDATE message

In GRA_PCH state, the MS shall initiate first a cell update procedure, using the new Cell update cause "Emergency cause". This Cell update cause will be relayed by RNSAP to the SBSC which will probably trigger a SBSC Relocation procedure. If the Iucs interface of the new SBSC is temporarily or permanently not available the SBSC could include the same “redirection info” as the RRC CONNECTION REJECT message in section 4.2 in the RRC CONNECTION RELEASE message which completes the Cell Update procedure in failure case. 

5. Conclusion

· Align the Emergency call handling in GERAN Iu mode on UTRAN is a promising strategy due to the better assistance in case of Iucs failure in RRC Idle mode.

· In the RRC idle MS autonomous mode selection in the best cell offers a real speed gain to establish the emergency call without the disadvantages of a service aware cell reselection.

· At this stage of the concept a new Establishment Cause “Emergency call” in the PACKET_CHANNEL_REQUEST cannot be justified.

· The handling of the Emergency call in UTRAN seems to have still some gaps. It appears not very logical that the RRC is well aware about the emergency call in RRC idle mode, but not in RRC connected mode. Whenever the RRC in the MS may be made aware on the Emergency call by the means of primitive exchange between RRC and NAS, this knowledge cannot be made available in the BSS, decoding the NAS part of the INITIAL_DIRECT_TRANSFER cannot be the final solution.

· A  new message INITIAL DIRECT TRANSFER REJECT or better an improvement of the RRC CONNECTION RELEASE message is proposed which allows in the Cell_Dedicated and Cell_Shared states to speed-up the emergency call establishment in the case of permanent or temporary Iucs failure and to assist the reselection of a new cell and/or a new mode.

· The introduction of a cause “Emergency call” in the CELL UPDATE message is proposed which allows in the Cell_Shared states to speed-up the emergency call establishment in the case of permanent or temporary Iucs failure and to assist the reselection of a new cell and/or a new mode.
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