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Serial SACCH Repetition

1. Introduction

It has been generally accepted within TSG-GERAN that the link performance of the associated control channels is a limitation to achieving full capacity with AMR.

Whilst an enhancement for the FACCH has already been agreed, a number of proposals to enhance the SACCH still remain.

In this contribution, the proposal described in [1] (denoted in this document as Serial SACCH repetition) is further elaborated. In particular link and system results are added for the downlink and the proposal is also expanded so that it is  applicable to the UL.

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 increases exponentially with network load. While there are a number of techniques which could be used that do not require standardisation, we believe these will not be sufficient enough. In addition, the statistics imply that the SACCH is more sensitive to coverage than the FACCH (DCR at zero load) implying the possible need for an enhancement to the UL as well.

3. Existing Proposals

A number of proposals to provide an enhancement to the SACCH have been discussed in TSG-GERAN.

3.1 Parallel SACCH

The first, denoted ‘Parallel SACCH’ [2], proposes to send a SACCH repetition during the IDLE slot of a traffic channel. This would then allow the mobile to combine the SACCH and parallel SACCH prior to decode, thus improving the likelihood of a successful decode.

The main drawback of this approach is that the IDLE slot is already needed to perform neighbour cell monitoring. Reducing this time will impact handover performance.

Therefore, in order to minimise the times that a parallel SACCH occupies the idle slot, a number of enhancements have been proposed:

· The first is to reverse the order that the parallel SACCH bursts are sent. This would then allow the possibility of an early decode, especially when channel conditions are good.

· The second is to limit the number of times a parallel SACCH is sent based on the condition of the channel.

· The third is to limit the sending of a parallel SACCH on the UL to only when a parallel SACCH has been sent on the DL

The first two enhancements assume that the need to improve SACCH performance is mutually exclusive to the need to perform neighbour cell monitoring. In fact, this is likely to be the opposite. For example, during loss in coverage due to round the corner effects. Additionally, the third enhancement is based on the assumption that the channel condition is balanced in UL and DL, which is also typically not the case. In an interference limited environment it is often DL limited, while in a coverage limited environment it is often UL limited.

3.2 Spread SACCH

The second, denoted ‘Spread SACCH’ [3], proposes to send a SACCH repetition through speech bit stealing.

This requires a re-optimisation of the puncturing pattern for each AMR mode for which an improvement to the SACCH channel is required. On the TCH/AFS channel, spread SACCH is being proposed for modes 4.75, 5.15 and 5.9. Being based on Mean Opinion Score, re-optimisation of the puncturing for speech is not a trivial task. Also, the SACCH channel performance problem is not limited to the TCH/AFS (as it is with the FACCH) but is also applicable to O-TCH/AHS, TCH/WFS, O-TCH/WFS and O-TCH/WHS.

In [3], speech degredation is not believed to be a problem when the number of bits which are stolen are limited. This was demonstrated using an objective measures of the PESQ tool. While the use of this tool is simple, it is not normally used as a substitute for subjective listening tests within 3GPP. Additionally, when speech is degraded for modes where speech quality is already poor, some impact might be expected to system performance due to user iniated drops.

Spread SACCH is proposed to be controlled by AMR codec mode e.g. enabled when modes 4.75, 5.15 or 5.9 are in use. While there is a some correlation between the performance of the TCH and SACCH, there are situations when this is not the case due to the differences in time diversity between the TCH and SACCH.

In order to avoid the use of spread SACCH in a legacy network, a new IE is proposed for the Handover command. This solution increases the risk of Handover command segmentation, which increases the risk of Handover failure.

As the spread SACCH is incompatible with DTX, an addition method is needed for the case when there is no speech. The proposal is for a new ‘secondary SACCH channel’, which increases the complexity of the proposal further.

4. Serial SACCH On the Downlink

To solve the drawbacks of the Parallel SACCH and Spread SACCH, this contribution proposes to 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 that the content of these L3 messages and the content of the SACCH L1 header (i.e. Ordered MS power level & Ordered timing advance) do not change frequently, then inherent repetition shall occur on the SACCH channel.

This would allow the MS to attempt combining of the repeated instances of these messages and thus improve the link performance of the SACCH channel.

4.1 BSS operation

To increase the likelihood that the L3 message content and the SACCH L1 header content will not change between two consecutive SACCH frames, and to facilitate combining by the MS, it is proposed that the network should re-shedule L3 messages that are sent in UI frames in pairs, as depicted in figure 1.
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Figure 1 – Serial SACCH repetition on DL
4.2 MS operation

MS operation is proposed to be similar as for FACCH repetition in that combining of the current SACCH frame with the previous SACCH frame should only be attempted if the current SACCH frame decode fails. This is to allow changes that could occur between a pair of UI frames.

4.3 Assumptions

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

· SI5, SI5bis, SI5ter, SI6 and MEASUREMENT INFORMATION
 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 power could be assumed.

4.4 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
4.5 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 [4], 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 did not occur between a pair of frames. In scenario A, the RLT counter treated each frame within a pair of frames independently, while 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.

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
5. Serial SACCH On the Uplink

As with the downlink SACCH, messages must also be continuously transmitted on the uplink SACCH. When nothing else needs to be sent, these shall be measurement result messages and so would expect to change from one message to the next. The opportunity to perform combining in the UL will therefore not be as it is in the downlink.

To improve this situation, forced repetition could be employed, where the decoding performance of the UL SACCH would be improved at the cost of reducing the update rate of the measurement reports. For example, repetition of every SACCH frame would give a link gain (see Figure 2) but at the cost of reducing the granularity of the handover decisions from once every SACCH period to once every two SACCH periods (assuming that measurement report averaging is not employed in the BSS).

However, when channel conditions deteriate on the UL and the UL SACCH FER worsens, then this too will thus reduce the granularity of the handover decisions.

If the BSS were able to predict the occurance of failures on the UL SACCH and be able to determine when repetition shall occur on the UL SACCH, then it should be able to limit repetition to only when a failure would occur. This would lead to an improvement in the decoding performance of the UL SACCH without a reduction to granularity of the handover.

In practice, the reliability of this approach would be dependent on the ability of the BSS to predict a failure on the UL. Whilst this could be left to implementation, indicators such as the UL SACCH BFI or the UL RLT counter could be used.

To signal to the MS when to perform repetition, the spare bits of the DL SACCH L1 header could be used (note that the stealing bits of the SACCH are already used by EPC).

The concept is illustrated in Figure 5.
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Figure 5 – Serial SACCH repetition on UL
6. Legacy issues

Unlike with FACCH repetition, SACCH repetition does not benefit legacy mobiles. Therefore it is proposed that SACCH repetition be confined to new mobiles only by introducing an indicator in the CM3.

In a legacy network, the spare bits of the SACCH L1 header will already be set to indicate that repetition should not be used on the UL, while on the DL, an MS supporting repetition would be first required to attempt to decode the current SACCH frame before attempting combining with the previous frame.

7. Standardisation and Implementation

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

Downlink:

· under network control (e.g. based on measurement reports), the network L1 shall re-schedule UI frames in pairs

· MS shall continuously attempt double decoding

Uplink:

· under network control (e.g. based on UL SACCH BFI or UL RLT counter), the network L1 shall command the MS to repeat the next SACCH frame

· network shall combine each repeated SACCH (the network may wish to perform double decoding in case of a lost command on the DL)

44.018: Serial SACCH repetition support indicator

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

44.004: Definition of repetition command using the spare bits in the DL SACCH L1 header

8. Conclusion

In this contribution, Serial SACCH repetition was described and its performance evaluated for the downlink. The technique has been shown to provide good network performance on the downlink and to be potentially simple to implement and to specify within standardisation. In order to evaluate performance in the uplink, coverage limited characteristics (buildings data) need to be added to the network simulator as well as handover signalling. This work is currently under way.
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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
Repeated SACCH

11.1 General

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

11.3 BSS requirements

The BSS may, based on implementation-dependent criteria, decide to schedule over the radio interface two identical layer 3 message units consecutively.

The BSS may also, based on implementation-dependent criteria, decide to send in the DL SACCH L1 header an UL SACCH repetition command

11.4 MS requirements

The MS shall, when receiving a downlink 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, 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 Repeated Downlink SACCH apply (see 3GPP TS 45.005).

The MS shall, on receipt of an UL SACCH repetition command sent in the DL SACCH L1 header, send the next scheduled layer 3 message unit to be sent in a SAPI=0 frame in the next SACCH frame and to repeat the message unit in the next SACCH frame + 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 frame, then this message unit shall be sheduled to be sent in the next + 2 SACCH frame.


















































































� as there can be more than one instance of the MEASUREMENT INFORMATION message, the network might prefer to limit repetition to SI messages only
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