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SACCH system performances with Spread SACCH
1 Introduction

As discussed in GERAN #25 and during the August 12th phone conference [4], a decision is to be taken between two proposed mechanisms to improve the robustness of the Slow Associated Control Channel (SACCH) and to overcome the undergone signalling limitations when AMR codec is used in deficient radio conditions. The two proposed mechanisms on the table are the Spread SACCH ([2]) and the Serial SACCH ([3]).

This contribution is illustrating that the Spread SACCH solution is inherently preserving essential system performances and reaction times of GSM SACCH-based procedures: measurements reporting, power control, cell reselection, SMS capacity and transmission times, etc. and is listing areas that should be considered when evaluating AMR SACCH enhancements proposals.
2 SACCH-related system impacts and performances
2.1) Measurement reporting (uplink)
The Spread SACCH mechanism is not increasing the measurement report refresh period. The purpose of increasing the robustness of the SACCH is not only to notably reduce call drops on Radio Link Failure (which can be simply achieved by increasing the RLT value) but also to provide better measurement to the BSS to trigger more appropriate decisions in terms of handover and power control (see section below). In a situation where radio conditions are worsening, handover decision must be taken as fast as possible. New potential candidates for handover should be reported immediately.
Figures in Appendix A are showing a significant improvement when comparing performances of a live network when the power control decisions are based on a single SACCH measurement period (480 ms) compared to when measurements are averaged over two SACCH periods (960 ms), i.e. reduction of 20 % of call drop rate and increase of 15 % of average time between call drops.
NB: any transfer of an uplink SAPI 3 frame (SMS-PP) would delay the measurement report of one SACCH period in case of Spread SACCH (legacy behaviour), while the extra delay would be two or three SACCH periods for a serial repetition based method.
2.2) Power control (downlink)
The periodicity of power commands (downlink) and actual values (uplink) is kept to 480 ms, which can be essential in case of fast worsening of the radio conditions (for a mobile station not transmitting at full power just before a sudden field drop, failing to decode the power command within the SACCH period could result in a handover failure / call drop if a handover has to be triggered because the transmitted power on the FACCH may be insufficient).
Similar performance impacts as described in the "Measurement reporting" section above and shown in Appendix A are expected if it was required to extend the power control period over a single 480 ms SACCH period.
2.3) Neighbour cell information (downlink)
The Spread SACCH mechanism when applied following a TCH seizure does not increase the time for the mobile to acquire the neighbour cells list. The mobile station would need double the time in case two sending cycles were needed to acquire the complete set of information or if a simple SACCH repetition strategy was used, compared to the application of the spread SACCH mechanism (considering one or several occurrences of SI 5, SI 5bis, SI 5ter, SI 6, SI 10, Measurement Information messages, a required duration of 3-5 seconds would become 6-10 seconds).
NB: any transfer of a downlink SAPI 3 frame (SMS-PP) would increase this duration consequently.
2.4) Layer one management

Existing Layer one management algorithms are essentially based on:

· Measurements and other terminal inputs provided at the regular SACCH frequency of one information sample every 480 ms.
· Network operating parameters set by O&M.

· Outputs for driving the Layer one behaviour at a minimum rate of one command every 480 ms.
The Spread SACCH mechanism would not bring any impact here as the basic inputs / outputs recurrence is not affected. A modification in the periodicity of the inputs and outputs, triggered dynamically depending on the radio conditions, would basically require significant changes in the L1 management algorithms, including the addition of dedicated operating parameters. Additional efforts for tuning such complex systems should therefore be anticipated and considered when assessing the overall complexity of a solution for improving the SACCH robustness for AMR operation.
2.5) Radio link failure procedure - Radio Link Timeout (RLT)

The radio link failure procedure and the RLT initial value setting is based on the legacy SACCH periodicity of 480 ms, which is unchanged with the Spread SACCH.

2.6) Short message service (uplink and downlink)
In case of SMSs sent while a TCH/SACCH channel combination is activated, the Spread SACCH mechanism would not reduce the allowed capacity for SMS signalling (one SAPI 3 frame every 960 ms in both uplink and downlink) nor would affect SAPI 0 frames scheduling rate (one frame every 960 ms in both uplink and downlink).
Also, the transmission time of short messages is kept, which is essential when SMSs are used to credit prepaid-based subscriptions when running out before the ongoing call is disconnected, or for time-sensitive m-commerce transactions.
2.7) SMS-related protocols (terminal and network sides)
The performance parameters currently defined for SACCH use of SAPI 3 in LAPDm (response delay: Bx+1 or Bx+2 when receiving a frame in block Bx; repetition: Bx+3 or Bx+4 for a frame sent in block Bx) are based on the legacy SACCH periodicity of 480 ms, which is not affected in case of Spread SACCH. Increasing the SACCH periodicity would imply a change to this protocol as the current requirements would not be achieved.
Several guard timers are specified within SM-RP and SM-CP protocols (wait for RP-ACK or CP-ACK acknowledgement messages, respectively) on the mobile side and on the Service Centre side. Those timers are today dimensioned in order to cope with the time needed for regular transmission delay over the radio interface (Note: an SMS transaction on SACCH without retransmission could take more than 15 seconds for a long message). As any Spread SACCH block retransmission is occurring in the same SACCH block period, there is no impact to the values of the relevant timers and to the related performance. Increasing the SACCH periodicity would imply a change to these guard timers in order to cope with longer transmission times in case AMR enhancements are triggered. Also, as the value of those timers cannot be dynamically updated, they should be configured to the worst transmission case, which therefore would impact SMS transmission in "normal" situations (e.g. use of any other codec or good radio conditions).
2.8) Uplink and downlink symmetry
Using Spread SACCH mechanism in both Uplink and Downlink would preserve uplink / downlink symmetry for SACCH procedures regarding timing and reaction times when applicable (SMS operation, Normal and Enhanced Power control, Timing advance). Relevant parts of 3GPP TS 44.006 / 45.008 would not require modification.
3 Conclusion

This contribution is showing that the Spread SACCH solution proposed in order to solve the issue of performance imbalance between AMR low modes speech channels and SACCH is preserving essential GSM system performances and reaction times of GSM SACCH-based procedures: measurements reporting, power control, cell reselection, SMS capacity and transmission times, etc.
This is resulting from maintaining the refresh frequency of the signalling information to one frame per SACCH period as for legacy SACCH operation, while the related performances would not be sustained with any mechanism based on a reduction in capacity of the signalling channel and therefore reducing the SACCH information transmission frequency.
Also, the various impacts listed in this contribution should be carefully considered when assessing the overall complexity of any AMR enhancement solution.
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ANNEX A: Live network statistics
Fig. A1 is showing a significant reduction to the call drops rate (close to 20%) when the power control algorithm is based on a single SACCH measurement period (480 ms after "activation") compared to when measurements are averaged over two SACCH periods (i.e. 960 ms before "activation").
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Fig A1: Call Drop Rate 
Fig. A2 is showing an increase of the call duration average time between call drops (close to 15%) when the power control algorithm is based on a single SACCH measurement period (480 ms after "activation") compared to when measurements are averaged over two SACCH periods (i.e. 960 ms before "activation").
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Fig A2: Mean time between call drops
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