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Signalling Radio Bearers for GERAN
1. Introduction

This contributions deals with the open issue defining signalling radio bearers for GERAN. It is based on papers and discussions from several GERAN meetings in the past and takes also into account the special needs of ciphering, support of legacy transceivers and the necessity to define a future proof and efficient solution.     

The contribution is organised as follows:

Section 2 provides a comparison of UTRAN signalling radio bearers with existing GSM/GPRS signalling radio bearers

Section 3 provides a discusses on signalling radio bearer for GERAN

Section 4 contains a conclusion  

2. Signalling radio bearers in UTRAN in comparison with existing GSM/GPRS signalling radio bearers

In the following lines a comparison between UTRAN signalling radio bearers and existing GSM/GPRS signalling radio bearers is given:
a) In UTRAN the RB 0 shall be used for all RRC messages sent on the CCCH (UL: RLC-TM, DL: RLC-UM).

In GSM/GPRS the CCCH operates in UM-LAPDm.

PCCCH operates in UM-RLC.

RACH and PRACH have no specific layer 2 protocol.

b) In UTRAN the RB 1 is used for all AS RRC messages using unacknowledged mode RLC (UM-RLC).
In GSM/GPRS the SACCH operates for RR messages in UM-LAPDm and PACCH operates in UM-RLC.

c) In UTRAN the RB 2 is used for all RRC messages sent on the DCCH, when using RLC acknowledged mode (RLC-AM), except for the RRC messages carrying higher layer (NAS) signalling.

In GSM/GPRS the FACCH operates for RR messages in AM-LAPDm.

d) In UTRAN the RB 3 and optionally RB 4 shall be used by the RRC messages carrying higher layer (NAS) signalling and sent on the DCCH in RLC acknowledged mode (RLC-AM). 

In GSM/GPRS NAS signalling is transferred via SDCCH or FACCH in AM-LAPDm.

3. Signalling radio bearers in GERAN

Since GERAN is connected to the CN with the  Iu interface it appears reasonable to implement the full set of signalling radio bearers of UTRAN, or at least RB1, RB2, RB3, since RB4 is just a low priority RB3. However the GSM legacy of GSM/GPRS put some severe constraints to GERAN, which may be summarised in,

· the use of the channel combinations inherited from GSM: 

FACCH and SACCH when the user plane uses a TCH or E-TCH

PDTCH or PACCH and PTCCH when the user plane uses a PDTCH

SDCCH and SACCH if  a signalling radio bearer is carried on a stand-alone dedicated channel

· the necessity to ensure new services e. g. VoIP, with the already installed infrastructure (legacy transceiver), which has many manufacturer dependent restrictions like memory capacity, processing power etc....

Two layer 2 options are possible for signalling radio bearers in GERAN:

· RLC and MAC as in UTRAN

· LAPDm  as defined in GSM. It should be noted that LAPDm allows a window size of 4 (there is a 3 bits counter in the LAPDm header) even if this option is restricted in GSM to a window size of 1. This restriction may be reconsidered for GERAN, but in practice it is possible that the requirements due to the legacy equipment reintroduce this limitation.

It is highly desirable that the layer 2 protocol of each signalling radio bearer is independent from the logical channel, otherwise each layer 2 protocol machine (at least in acknowledged mode) has to be reinitialised every time the logical channel changes, for example as consequence of a radio bearer set-up or release.

RB1 is implemented in GSM on the SACCH using LAPDm. The SACCH messages carried in the downlink are system information messages and therefore not ciphered. In the uplink the SACCH procedures include measurement reports. Till now there is no firm requirements to cipher such reports. In GPRS RB1 is not used. Therefore GERAN does not put any additional requirements to RB1, and it is proposed to keep RB1 as it is.

On the shared resources RB2 and RB3 (and RB4 if implemented) will use the RLC and the MAC. These bearers may be set-up either implicitly or explicitly as done for the other radio bearers in the user plane. The MAC offers a quite powerful multiplexing of the signalling radio bearers down to the physical resources, allowing to overcome the restrictions due to the window size 1 in GSM. This mechanism is straight forward, allows a maximum reuse of UTRAN specifications and is realisable without additional costs regarding the user plane implementation.

On the dedicated resources both options, LAPDm and RLC, are possible. The charm of the LAPDm solution resides in the  reuse  of the LAPDm implementation on the legacy transceivers. Therefore a LAPDm solution for GERAN should be compatible with the actual GSM implementation. Therefore new SAPIs should be introduced for SRB2 and SRB3. If new SAPIs are not acceptable for backwards compatibility reasons, then SRB3 should be mapped on SAPI3 whereas RB2 remains mapped on SAPI0 as in GSM. This solution implies that the drawback of the window size 1 is kept and accepted for GERAN.

Another problem of the LAPDm solution is raised by the security requirements in GERAN, the integrity protection and the ciphering with a 128 bits key. The integrity protection can probably be implemented in the RR/RRC layer, however it should be noted that he increased payload of the messages (also those inherited from 04.18) endangers anyway the compatibility to the GSM procedures carried on the FACCH and the SDCCH. The main problem however is raised by the new ciphering key length. Till now LAPDm does not provide any ciphering. To circumvent this problem several solutions may be envisaged, but none is really satisfying:

· Introduce a similar ciphering function in LAPDm as in RLC by using the LAPDm send counter. This is of course against the backwards compatibility requirement.

· Re-introduce in GERAN a ciphering function in Layer 1 based on the TDMA frame number like in GSM. This function would be active only on the FACCH, but increases the complexity of new transceivers and appears as an overkill. And anyway the ciphering implementation in GSM is specified with a 64 bits key only, and it is very doubtful that SA3 will accept to relax the security requirements.

4. Conclusion

It is believed that GERAN has to implement at least the UMTS signalling bearers RB1, RB2 and RB3, and probably also RB4.

For the RB1 implemented on the SACCH it is proposed to keep the present GSM implementation using unacknowledged LAPDm. 

For the other signalling bearers it is proposed to get rid of the LAPDm as long as a fully compatible solution with the legacy transceiver cannot be offered, and use instead the RLC and MAC protocols as defined in the user plane, possibly with some adaptations. 
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