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Specification of Repeated SACCH

1. Introduction

During TSG-GERAN#26, the Serial SACCH concept [1] was agreed in principle in order to enhance SACCH performance. In this contribution, the specification of Serial SACCH concept is further discussed.

2. Basic SACCH Repetition Procedure

SACCH repetition should be controlled by the network by the use of signalling. On the downlink, a SACCH Repetition Order (SRO) will instruct the MS to repeat the next SACCH block and should be set based on implementation dependent criteria. On the uplink, a SACCH Repetition Request (SRR) will notify the network that the previous SACCH frame on the downlink failed. The network may repeat the next SACCH block based on this or implementation dependent criteria. Repetitions themselves should not be repeated in order to ensure an acceptable balance between reliability and information update rate.

It is proposed that the SRO & SRR be carried by one of the spare bits of the L1 header of the DL SACCH and UL SACCH respectively.

The reliability of the SACCH L1 header before CRC can be approximated to the SACCH BER performance, which in Figure 1 can be seen to be non-negligible. This would lead to false repetition orders/requests. Detection of the SRO/SRR should therefore be performed on correctly decoded SACCH frames only. To detect the SRO/SRR in an incorrectly decoded SACCH frame, the MS could assume the last correctly decoded SRO. This would then limit detection errors to transitions between when SACCH repetition is active and inactive.
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Figure 1. BER performance of SACCH

This basic operation is illustrated in Figure 2.
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Figure 2. Basic SACCH Repetition procedure.
A description of the SACCH repetition procedure could be specified in 44.006 using the text below:

Procedure for Repeated SACCH on the downlink

If the current SACCH block is incorrectly decoded (prior to combining with any previously received SACCH block), then the MS shall set as true the SACCH Repetition Request in the next SACCH block, otherwise it shall set the SACCH Repetition Request as false.

If the next SACCH block contains a SAPI 0 frame and is not already a repetition, then it is a repetition candidate. If the next SACCH block is a repetition candidate then the BSS may, based on the value of the last correctly received SACCH Repetition Request, or based on implementation dependent criteria, repeat the next SACCH block at the next SACCH block+1.

The MS shall, when receiving a SACCH block, always attempt to decode it without combining with any previously received SACCH block. If the current and previous SACCH blocks were unsuccessfully decoded, a new decoding using the information from the current and previous SACCH blocks shall be performed. In this case the performance requirements for Repeated SACCH apply (see 3GPP TS 45.005).

Procedure for Repeated SACCH on the uplink

The BSS may set the value of the SACCH Repetition Order of the next SACCH block based on implementation-dependent criteria.

If the next SACCH block contains a SAPI 0 frame and is not already a repetition, then it is a repetition candidate. If the next SACCH block is a repetition candidate and the last correctly received SACCH Repetition Order is true then the MS shall repeat the next SACCH block at the next SACCH block+1

If the BSS ordered the MS to repeat the next SACCH block at the next SACCH block+1 and the next SACCH block was unsuccessfully decoded, a new decoding using the information from the next SACCH block and the next SACCH block+1 can be performed. In this case the performance requirements for Repeated SACCH apply (see 3GPP TS 45.005). In case the SACCH Repetition Order was lost, the BSS may attempt to decode the next SACCH block+1 prior to combining. 

3. scheduling of SAPI 3 frames

It is proposed that repetition shall be limited to SAPI 0 frames. This is because SAPI 3 frames (used to send an SMS message over the SACCH) are already acknowledged and introducing repetition to the re-transmission protocol is expected to be quite complex.

Nevertheless, some small modification to the SAPI 3 scheduling is needed. This is to make room for the repetition when a SAPI 3 is scheduled at the same time as a repetition.

3.1 Normal transmission scenario

The normal transmission scenario for SAPI 3 frames is depicted in Figure 2. In this figure there are a number of SAPI 3 frames awaiting transmission (each shown by a different colour). Currently, the priority arrangement is such that two SAPI 0 frames shall not be sent in consecutive SACCH frames [44.005 clause 4.2.2], which would prevent repetition from occurring.
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Figure 2. Normal transmission scenario

To make room for a SAPI 0 repetiton, an exception to this priority arrangement is needed that allows two SAPI 0 frames to be sent in consecutive SACCH frames when a SAPI 3 frame is scheduled at the same time as a repetition. The scenario is depicted in Figure 3.

[image: image4.png]



Figure 3. Normal transmission scenario with repetition

This exception can be indicated in 44.005 using the text below:

The priority arrangement on the SACCH must ensure that if a SAPI = 3 frame is awaiting transmission, two SAPI = 0 frames are not sent in consecutive SACCH frames. An exception is when Repeated SACCH is supported (see 44.006). In addition, for the mobile to network direction it must also be ensured that any SAPI = 3 frame is followed by at least one SAPI = 0 frame.

A rule for when the exception applies is needed in 44.006. The following text is proposed:

If a SAPI 3 frame is scheduled at the same time as repetition, the SAPI 3 frame shall be delayed by 1 SACCH block

In the normal transmission scenario, a repeated SACCH will delay each SAPI 3 transmission by 104 frames. This should not necessarily mean that SACCH repetition will impact timers in the SMSC, as these timers should be dimensioned for the worst case, which is the re-transmission scenario described below. In addition, SACCH should not impact the T200 timer because a delay of 104 frames is already permitted for when the physical channel is not available for SAPI 3 due to the transmission of a SAPI 0 frame as described by NOTE 2 in the timing requirements of Table 8 in 44.006. 

3.2 Re-transmission scenario

The re-transmission scenario due to expired T200 timer is depicted in Figure 4. In this figure, a SAPI 3 command and/or a SAPI 3 response is being lost, leading to the expiry of the T200 timer and to the sending of a SAPI 3 re-transmission. On the SACCH, up to 5 re-transmissions are allowed. The earliest a re-transmission can be sent is determined by Trmin [Table 8 in 44.006] and is set at 3 SACCH periods from the first transmission. Thus in this scenario, room is already available for the repetition.
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Figure 4. Re-transmission scenario due to expired T200 timer

The re-transmission scenario with repeated SACCH is depicted is Figure 5. As can be seen, SACCH repetition does not impact the SAPI 3 transmissions. If it can be assumed that SMSC timers are dimensioned to permit SAPI 3 re-transmissions, then it can be assumed that SACCH repetition would not impact these timers.

[image: image6.png]



Figure 5. Re-transmission scenario with repetition
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