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Serial SACCH Repetition

1. Introduction

It has been generally accepted that the link performance of the associated control channels is a limitation to achieving full capacity with AMR. However, while an enhancement for the FACCH has already been agreed, an enhancement for the SACCH has still not been decided.

In this contribution, a simple solution, denoted Serial SACCH Repetition, is proposed, whereby repetition of the SACCH is performed in-channel​, leaving the performance of the TCH unaffected.

The solution uses a mechanism which is similar in concept to FACCH repetition. The solution is therefore applicable to the same TCHs (including signalling-only TCH or future TCHs) and should have a comparable level of implementation effort.
2. Need for enhancement

In a trial network which was optimised for AMR, DCR statistics indicated that the sensitivity of the SACCH channel as well as the FACCH increased exponentially with network load. While a number of techniques can be used which do not require standardisation, these may not be sufficient in very high interference conditions. In addition, the statistics implied that the SACCH is more sensitive to coverage than the FACCH (DCR at zero load) leading to the need for an enhancement to the UL as well.

3. Serial SACCH On the Downlink

To perform serial repetition on the DL SACCH, we can exploit repetition that is already inherent on the SACCH.

In 44.018 it states:

“The SACCH has the particularity that continuous transmission must occur in both directions at least on the channel carrying the main signalling link. For that purpose, in the mobile station to network direction, measurement result messages are sent at each possible occasion when nothing else has to be sent. Similarly, SYSTEM INFORMATION TYPE 5, 6 and optionally 5bis and 5ter messages are sent in the network to mobile station direction in UI frames when nothing else has to be sent.

The network may in addition send MEASUREMENT INFORMATION messages on the SACCH”
Assuming the L3 messages and the SACCH L1 header (i.e. Ordered MS power level & Ordered timing advance) do not change often, then an inherent repetition shall occur on the SACCH channel. The MS can then enhance link performance by attempting soft decision combining of these messages.

3.1 Basic operation

To facilitate combining, it is proposed that the network should re-shedule L3 messages sent in a UI frame in pairs as depicted in figure 1.

MS operation should be the same as with FACCH repetition, in that combining of the current SACCH frame with the previous SACCH frame should only be attempted if the previous and the current SACCH frame decode failed (‘double decoding’). This is to allow for potential changes to the L3 message or L1 header within a UI frame pair.
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Figure 1 – Serial SACCH repetition on DL
3.2 Assumptions

The proposal is based on the assumption that differences between pairs of UI frames do not occur often. This assumption can be considered valid because:

· SI5, SI5bis, SI5ter, SI6 and MEAS INFO messages contain identities, options and information specific to the serving and neighbour cells and thus change very seldom in a given cell.

· a change in TA by one symbol corresponds to 0.55km (at the speed of light) which for a mobile travelling at 50km/h takes 39.6s (82.4 SACCH periods).

· changes in UL PC is dependent on the PC algorithm employed. Nevertheless, when coverage limited (e.g. when the MS is indoors) or interference limited (high interference), maximum ordered MS power level might be assumed.

3.3 Signalling

While information sent on the SACCH is relatively time insensitive in nature, there may be a number of circumstances where indiscrimately repeating the SACCH would introduce an undesirable delay.

An example is immediately after handover, when the MS needs to obtain from the SACCH, information such as 2G & 3G neighbour cell lists from the SI5 and optionally the SI5bis, SI5ter and instances of the MEAS INFO message. If repetition were applied when conditions were good, it could take n times 480ms longer than necessary until all the relevant information is received (depending on which messages have been scheduled for transmission on the SACCH).

If instead, the MS could signal when a repetition was needed, then this delay could be avoided. To do this, one of the spare bits in the L1 header of the UL SACCH could be used. The performance of these spare bits should be sufficiently robust for this purpose, as their reliability is more related to the SACCH BER than SACCH FER (i.e. can still be used even if a bad frame is detected).

When set, this bit would request a repetition in the next SACCH period. An appropriate trigger for setting this bit would be each time a bad frame is detected on the DL.

Repetition should not be confined to when the BSS receives a request for a repetition. As it takes one SACCH frame to signal for a repetition, it would not be possible to repeat the first SACCH frame after handover. In this case, the network could choose to repeat this frame without the need for signalling (his would potentially introduce a delay of 480ms, which could be deemed acceptable).

3.4 Link performance

The link performance of the SACCH channel after combining is shown in Figure 2 
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Figure 2 – link performance of repeated SACCH
3.5 System performance

To model the combining within the system simulator, a 2D mapping was generated that mapped the CIR for each received burst to raw BER after combining. The mapping is illustrated in Figure 3.

The network configuration was based on configuration 3 of the SAIC feasibility study [1], details of which are shown in Annex A.

Four scenarios were considered:

· no SACCH repetition

· Serial SACCH repetition on DL scenario A

· Serial SACCH repetition on DL scenario B

· Parallel SACCH repetition on DL

For the Serial SACCH simulations, combining was performed only when a change in PC or TA had not occurred between a pair of frames.

In scenario A, the RLT counter treated each frame within a pair of frames independently. In this case, the effective link performance should lie half way (linear scale) between the SACCH and Repeated SACCH shown in Figure 2.

In scenario B, the RLT counter assumed that a pair of frames counted as one frame, i.e. if the decode of either frame succeeded, then the RLT counter was incremented by 2, while if both frames failed, then the RLT counter was decremented by 1. In this case, the effective link performance is the Repeated SACCH shown in Figure 2. Unfortunately, this simulation incorrectly assumed the same initial RLT value as scenario A. To ensure the same time to radio link failure, this value needs to be halved for scenario B. When taken into account, system performance is expected to be less.

For the Parallel SACCH simulations, SACCH repetitions were sent on the Idle slots. In these simulations, only the impact to SACCH performance was recorded i.e. neighbour cell synchronisation performance was assumed ideal.
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Figure 3 – modelling combining within the system simulator
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Figure 4 – system simulation results for Serial and Parallel SACCH
4. Serial SACCH On the Uplink

As with the downlink SACCH, messages must also be continuously transmitted on the uplink SACCH, and when nothing else needs to be sent, these shall be measurement result messages.

These messages contain measurement results about reception characteristics from the current cell and from neighbour cells and so would be expected to change from one message to the next. To improve the link performance of the UL SACCH, one option would therefore be to steal every second SACCH frame in order to make room for a repetition. 

When conditions are good and repetitions are not required, this would lead to a reduction in granularity of the handover decisions from once every SACCH period to once every two SACCH periods.

However, if conditions are bad, and SACCH failures are occurring continuously, this would lead to an improvement in granularity of the handover decisions from never to once every two SACCH periods (assuming a successful decode after combining).

Of course, correcting SACCH failures will also improve DCR, as the RLT counter would be incremented instead of decremented.

To signal a repetition, it is proposed to use one of the spare bits in the L1 header of the DL SACCH. When set, this bit could be used to order the MS to send a repetition in the next SACCH period. To guarantee delivery of a repetition order, the BSS may wish to use repetition. In any case, the BSS should perform double decoding, in case of a lost repetition order.

While the use of repetition can be left as network dependent, two levels of control could be considered to trigger repetition. If the error condition duration is long (e.g. loss in coverage due to moving indoors or turning a corner - leading to a number of consecutively bad frames) then the SACCH BFI could be used to trigger repetitions, as it will discriminate between good and bad periods of reception. 

As it takes one SACCH frame to signal for a repetition, repetition should be avoided for single SACCH failures caused by ‘rapid’ error conditions. The network could thus use a threshold to the RLT counter to enable it to distinguish between a general deteriation of the SACCH channel and rapid changes due to e.g. from slow fading at high mobile speeds.

5. Dependencies between UL & DL repetition

While SACCH failure is more likely to occur in one link or the other rather than in both concurrently, there may be instances when a network might be balanced in terms of interference in the UL and DL. As a consequence, there might be a need to allow repetitions to occur concurrently on the DL and UL.

In the previous chapters, it was proposed to use the SACCH L1 header to signal a repetition, however the use of these bits could prevent combining from being performed on the opposite link. If a SACCH frame or its repetition contain a repetition request/order, then care is needed to ensure both contain the repetition request/order.

6. Legacy MS & BSS Compatibility

Unlike with FACCH repetition, SACCH repetition does not provide a benefit for legacy mobiles. Therefore SACCH repetition should be confined to new mobiles only. This could be achieved by introducing an indicator in the CM3, however, as repetition is request driven, such an indication might not be needed.

When an MS supporting SACCH repetition operating in a network or a cell that does not support SACCH repetition, then the MS will be instructed not to send any repetitions due to the default values of the spare bits in the L1 header. If the MS instructed the legacy network to send repetitions when conditions deteriated, then the network will ignore the spare bits and consequently the repetition requests.

7. Standardisation and Implementation

One of the strengths of the proposal is that implementation and standardisation is potentially very simple.

On the DL, serial SACCH repetition is essentially the same as FACCH repetition, the main difference being that repetitions would be triggered by the SACCH L1 header. As a consequence, implementation will be almost entirely in L1.

On the UL, the same as the above applies except that functions in the MS and BSS are reversed.

Given that the time between SACCH transmissions is 25 TDMA frames, no issues are expected regarding the complexity both in the MS and BSS.

To the specification, the following changes are foreseen:

24.008: Serial SACCH repetition support indicator

44.006: Serial SACCH repetition description (see Annex B for draft text)

44.004: Serial SACCH repetition signalling

8. Conclusion

In this contribution, a simple mechanism to enhance the SACCH is described which is equally applicable to the UL and DL directions.

The mechanism performs SACCH repetition in-channel, so the performance of the TCH will be unaffected.

In addition, repetitions are performed on request in order to limit their use to when they are needed.

As the mechanism is similar in concept to FACCH repetition, it should be applicable to the same TCHs including signalling-only TCH or future TCHs.

One of the strengths of the proposal is that implementation and standardisation is potentially very simple. 
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Annex A – Network simulation assumptions
Network configuration (based on TR 45.903, SAIC feasibility study, configuration 3):

· Penetration 100%

· 750 m cell radius, hexagonal layout, synchronised network

· TU3, 3 km/h MS speed,

· 2.4 MHz bandwidth for TCH, BCCH band is blocked

· 1/1 reuse, random RF frequency hopping (with co-channel interference between sectors within one site),

· random channel allocation,

· max. BTS output: 20 W (43 dBm, according to TR 45.903),

· max. MS output: 2 W (33 dBm, GMSK class 4, according to TS 45.005),

· DTX is used (60% voice activity),

· RXLEV and RXQUAL based power control algorithm,

· AMR speech service, all FR modes, automatic mode switching

· mean call length: 90 s, min. call length: 5 s

Annex B – Proposed text for Serial SACCH Repetition description

11.1
General

The Repeated SACCH functionality is applicable when a layer 3 message unit is to be sent or received in a SAPI=0 frame (i.e. in unacknowledged mode) on a SACCH associated with a TCH. The MS shall support the Repeated SACCH functionality. The BSS may use the Repeated SACCH functionality when it considers it to be appropriate.

11.2
BSS requirements

If the BSS receives a SACCH repetition request in the current SACCH block and did not receive a SACCH repetition request in the previous SACCH block, or depending on implementation-specific criteria, the BSS may send the next scheduled layer 3 message unit to be sent in a SAPI=0 frame in the next SACCH block and to repeat the message unit in the next SACCH block + 1. 

If a layer 3 message unit to be sent in a SAPI=3 frame was scheduled to be sent in the next or in the next + 1 SACCH block, then this message unit shall be sheduled to be sent in the next + 2 SACCH block.

The BSS may also, based on implementation-dependent criteria, decide to send in the SACCH L1 header of the next SACCH block an SACCH repetition order. In order to facilitate SACCH repetition in the opposite link, this SACCH repetition order should also be sent in the next + 1 SACCH block.

If a SACCH repetition order was sent, the BSS may, when receiving the next SACCH block + 1, attempt to combine it with the next SACCH block prior to decode. In this case the performance requirements for Uplink Repeated SACCH apply (see 3GPP TS 45.005).

In case the SACCH repetition order was lost, the BSS may also attempt to decode the next SACCH block + 1 prior to combining.

11.3
MS requirements

The MS shall, when receiving a SACCH block, always attempt to decode it without combining with any previously received SACCH block.

If the current SACCH block is successfully decoded, the MS shall send the LAPDm frame of the current SACCH block to the LAPDm entity.

If the current SACCH block is unsuccessfully decoded, the MS shall send in the SACCH L1 header a SACCH repetition request. In order to facilitate SACCH repetition in the opposite link, this SACCH repetition request should also be sent in the next + 1 SACCH block.

If the current SACCH block is unsuccessfully decoded, and the previous SACCH block was unsuccessfully decoded, a new decoding using the information from the current SACCH block and the previous SACCH block shall be performed. 

If this decoding is successful the LAPDm frame produced by the new decoding is sent to the LAPDm entity. In this case the performance requirements for Downlink Repeated SACCH apply (see 3GPP TS 45.005).

If the MS receives an SACCH repetition order in the current SACCH block and did not receive a SACCH repetition order in the previous SACCH block, then the MS shall send the next scheduled layer 3 message unit to be sent in a SAPI=0 frame in the next SACCH block and to repeat the message unit in the next SACCH block + 1.

If a layer 3 message unit to be sent in a SAPI=3 frame was scheduled to be sent in the next or in the next + 1 SACCH block, then this message unit shall be sheduled to be sent in the next + 2 SACCH block.
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