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1. Introduction

The introduction in GERAN Rel-6 of AMR signalling enhancements (see [1]) would allow to maintain AMR speech calls in radio conditions where this would not have been possible otherwise due to the performance imbalance between the speech traffic channel and the associated signalling channels. This discussion paper is addressing issues related to SMS-PP transmission during an on-going AMR voice call in a low C/I radio environment.
This discussion paper provides estimates of SMS-PP transmission times between the MS and the network when the AMR signalling enhancements, improving SAPI 0 frames transmission robustness over the radio (Repeated SACCH), are expected to be operated. It aims to identify the possible effects to SMS transmission over the SACCH channel of the higher repetition rate and the extra delays experienced in transmitting SAPI 3 frames over the radio interface.
2. Assumptions
2.1 SMS transmission data flow
The typical data flow for transmitting an (the uplink case is considered for the calculation) SMS transmission - including SAPI 3 multiframe mode establishment (which is triggered by the SMS transmission request) - is represented below, [x UL + y DL] indicating the corresponding number of SAPI 3 LAPDm frames (see [1], [2], [3]):
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2.2 SMS data length

To typical lengths for SMS messages are considered:

· SMS of maximum length (160 characters / 140 octets of user data)

· SMS of medium length (80 characters / 70 octets of user data)

Adding an overhead of 35/40 octets for protocols headers, the corresponding CP-DATA message would be segmented, respectively, over n=10 and n=6 LAPDm frames over SACCH (18 octets of payload / frame).

2.3 Timers

The timers considered here are those specified in [3], typically TR1M (wait for "RP-ACK" after sending "RP-DATA"), whose maximum value is specified to be between 35 and 45 seconds (similar figures could be inferred for other timers specified either on the MS or on the network side whose values are left implementation dependant). These timer values would roughly embrace the transmission of (not including potential retransmissions), respectively:

· 13 command frames + 12 response frames (160 characters SMS)
· 9 command frames + 8 response frames (80 characters SMS)
2.4 LAPDm scheduling

Without repeated SACCH:

The response delay at Layer 2 is considered to be such that a response frame shall be sent in the next SACCH block period where the command is received. Repetitions are scheduled 3 block periods after the previous sending as per 3GPP TS 44.006. Simultaneous MO and MT SMS are not considered here, so no extra delay of one block period is added in that respect.
With repeated SACCH on uplink:

A further delay of one SACCH block period in LAPDm transmission can be experienced for SAPI 3 frames scheduled same time as a SAPI 0 repetition. The assumption taken here is that a statistic average of half of the SAPI 3 frames scheduled for transmission are delayed (considering that pre-emption would occur for SACCH periods when a SAPI 0 frame repeated occurrence is sent). This average could be slightly lower when accounting for "SACCH-repeated" frames couples that would fit naturally between two SAPI 3 repetitions (see [4]). However it cannot be assumed that SAPI 0 and SAPI 3 sending can be so finely synchronised due to the dynamic activation / deactivation of the "Repeated SACCH" mechanism. It is anyway felt that the associated bias would not affect significantly the general issue highlighted here.

With repeated SACCH on downlink:

Scheduling of SAPI 0 repetitions on the downlink is implementation dependent and can be timed to avoid delays to SAPI 3 frames. For example, either the sending of SAPI 0 repetitions can be suspended, or they can be timed to be sent during the available period between a SAPI 3 transmission and a SAPI 3 re-transmission.
2.5 Other considerations

Base Station / Core Network / Service Centre Round trip time:

The round trip time between the base station and the other network equipments involved in SMS transactions added to the reaction times of the SM protocol entities could be of the order of seconds. The reference times in this discussion paper being chosen arbitrarily to compare the performance levels, this RTT is not added in the computation and should only be bore in mind when interpreting the results.
3. Estimated performances
The curves presented in this section are showing the distribution of CP-DATA transactions over the SACCH channel (SMS transmission when a TCH is established) completed within an arbitrary timer value (typically 35 seconds and 45 seconds) depending on the SACCH BLER.
[image: image1.emf]Normal SACCH operation
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[image: image2.emf]Repeated SACCH activated
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[image: image3.emf]CP-DATA transfer within 45 sec. (160 char user data)
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[image: image4.emf]CP-DATA transfer within 35 sec (80 char user data)
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[image: image5.emf]Increasing timers values (Repeated SACCH)
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4. Results assessments
Here, "successful transaction" means reception of RP-DATA acknowledgement before timer expiry (TR1M).
It could be seen from those results that:

· For lower FER values below the limit where non-AMR codecs could still be used in normal operation (indicative values: C/I above 6-7dB - SACCH BLER < 5%), the ratio of successful transactions within the allowed time is near 100%.
· With higher FER values allowing AMR operation without requiring signalling channel enhancements (indicative values: C/I above 4-5dB - SACCH BLER < 15%), the ratio of successful transactions within the allowed time is still close to 100%, except for stringent timers configuration (minimum allowed value) and long SMS, but still over 90%.
· For higher FER values at low C/I where AMR codecs would be operated in combination with the signalling enhancements (indicative values: C/I < 4 dB - SACCH BLER  20%), the number of failing transactions within the indicated timer values increases significantly (e.g. with 25% BLER, success rate of transmitting CP-DATA for a 160 characters SMS within 45 sec. drops below 70%). The activation of SAPI 0 repetitions would increase the failures ratio further due to part of the SAPI 3 frames being delayed.
It can be observed that increasing the timers values would allow a better success rate (e.g. in the case of CP-DATA with a 160 characters SMS, repeated SACCH activated and SACCH BLER = 25%, increasing the timer from 45 s. to 60 s. would improve the success probability from 40% to 80%). However, this would bring further delays to SMSs retransmission time irrespective of whether SACCH enhancements are being activated or not, as timer values cannot be modulated depending on radio conditions.
It should also be noted as indicated in section 2.4 that the extra delays to SMS-PP frames transmission due to LAPDm scheduling in the downlink direction can be minimised by implementation dependent means.
5. Conclusion

The introduction in GERAN Rel-6 of AMR signalling enhancements (see [1]) would allow to maintain AMR speech calls in radio conditions where this would not have been possible otherwise due to the performance imbalance between the speech traffic channel and the associated signalling channels.
However, it can be shown that, due to a higher repetition rate of SAPI 3 frames and to extra delays introduced by the repeated SACCH mechanism, SMS transmissions over the SACCH channel may experience an increased failure rate.

It can be noted that increasing the relevant SMS timers values would notably reduce the failure rate, and therefore the number of useless and detrimental retransmissions over the radio interface, but this would bring further delays to SMSs retransmission time irrespective of whether SACCH enhancements are being activated or not, as timer values cannot be modulated depending on radio conditions.
It is therefore proposed to GERAN to communicate with 3GPP CT1 (protocols aspects) and 3GPP SA 1 (service aspects) in order for these standards groups to take note of the AMR signalling enhancements and consider if needed any relevant update in their specifications (see [5]).
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