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ACCH Performance with AMR

1. Introduction

The difference in L1 performance of the ACCHs with the most robust modes of AMR has led to a concern that the ACCHs might be a limiting factor to higher spectral efficiency.

In narrowband networks, where spectrum is limited and reuse tight, cells tend to be interference limited. Given that the gain from multiple antenna techniques usually exceeds single antenna techniques, then it can be assumed that interference limited networks will always be DL limited.

Based on this assumption, this study analyses what impact the link performance limitations of the ACCHs has on radio link failure and handover when operating at C/I levels more suited to the most robust mode of AMR

2. Radio Link Failure

Radio link failure ensures that calls which fail from unacceptable interference are satisfactorily handled by the network (re-established or released in a defined manner), and is deemed to have occurred when the radio link counter expires. This counter is initialised by RADIO_LINK_TIMEOUT, and is decreased by 1 when the MS is unable to decode a SACCH message and increased by 2 in the case of a successful reception of a SACCH message. The SACCH can thus endure a frame erasure rate of 2 in 3 frames or 66% before link failure

In 45.008, it specifies that radio link failure should not occur until the call has degraded to a point beyond which the user would have manually released the call. "This ensures that for example, a call on the edge of a radio coverage area, although of bad quality, can usually be completed if the subscriber wishes."

At 66% SACCH FER, the performance of TCH/AFS4.75 and TCH/AFS5.15 are 5.4% and 8.1% respectively (Figure 1). Therefore at the point of radio link failure, the performance of the most robusts AMR mode are towards the unacceptable.

It is unclear therefore whether an enhancement of the SACCH might would therefore provide a benefit other than to provide the user more control in maintaining a connection during the onset of link failure.
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Figure 1 – Link performance for AFS4.75, AFS5.15, SACCH & FS.
3. Handover

Handover is initiated by the network, by sending a HANDOVER COMMAND to the MS on the DL FACCH. After receiving a HANDOVER ACCESS on the new physical channel, the network then provides additional physical layer information by sending a PHYSICAL INFORMATION message on the new channel. Handover is then complete when the MS responds with a HANDOVER COMPLETE message.

For handover to succeed therefore, a HANDOVER COMMAND followed by a PHYSICAL INFORMATION message (async handover only) followed by a HANDOVER COMPLETE acknowledgement needs to be correctly received by the MS on the DL FACCH.

3.1 HANDOVER COMMAND and HANDOVER COMPLETE message

At the link layer, the HANDOVER COMMAND and HANDOVER COMPLETE are sent using LAPDm ack mode, where an acknowledgement determines whether an attempt was successful and a timer determines whether a transmission attempt failed. The parameter N200 determines the number of attempts allowed and is set at 34 for full rate FACCH.

Link level simulations can be used to determine the likelihood of a failure for these messages when operating at a particular C/I.

For example, at -1dB C/I, the results shown in Figure 2 indicate that probability of an unsuccessful sending of a HANDOVER COMMAND to be 0.81 and (by assuming UL is better than DL by 5dB say) the probability of the unsuccessful reception of an ACK to be 0.14.

The likelihood of a single successful HO attempt is thus:


(1-0.81)(1-0.14)=0.16

And the likelihood of 34 consecutive unsuccessful attempts
 is:


(1-0.16)34=0.002

This also represents the likelihood failure of the HANDOVER COMPLETE message.

When the HANDOVER MESSAGE is segmented over 2 L2 frames (when the message exceeds N201), this increases to


1-(1-0.002)2=0.005

[image: image2.emf]TU3iFH 900MHz

0.01

0.1

1

-2 -1 0 1 2 3 4 5 6 7 8 9 10

C/Ico

FER

FS

AFS515

AFS475

FACCH


Figure 2 – Link performance of AFS4.75, AFS5.15, FACCH and FS

3.2 PHYSICAL INFORMATION message

Whilst at the link layer, the sending of the PHYSICAL INFORMATION message is unacknowledged, a similar send-and-wait procedure is employed at L3. Here attempts to retransmit the PHYSICAL INFORMATION message are allowed until either the HANDOVER COMPLETE is received or Ny1 attempts have been made. Ny1 ranges from 5 to 35 and a typical value would be 5.

The likelihood of 5 consecutive unsuccessful attempts
 is:


0.815=0.35

3.3 Likelihood of handover failure

For handover to succeed, a HANDOVER COMMAND followed by a PHYSICAL INFORMATION message (async handover only) followed by a HANDOVER COMPLETE acknowledgement need to be correctly received by the MS on the DL FACCH. The combined probability of this is then:

1-(1-0.002)(1-0.35)(1-0.002)=0.35 (async handover)

1-(1-0.002)(1-0.002)=0.05 (sync handover)

or when the HANDOVER MESSAGE is segmented over 2 L2 frames:

1-(1-0.005)(1-0.35)(1-0.005)=0.35 (async handover)

1-(1-0.005)(1-0.005)=0.07 (async handover)

This has been repeated for different ratios of C/I in order to see the effect that C/I has on speech quality and handover failure rate (Figure 3).
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Figure 3 –AFS4.75 and 5.15 FER vs. prob HO failure 
The results show async HO beginning to fail just before the point when the speech quality for the most robust modes of AMR is beginning to degrade. Sync HO however appears to be quite robust. This is because fewer attempts are normally allowed for the PHYSICAL INFORMATION message compared to the other messasges sent during HO on the DL.

Enhancing DL FACCH performance would therefore improve the reliability PHYSICAL INFORMATION message and consequently async HO, however, so would increasing the number of allowed attempts (set by parameter Ny1).

4. Conclusion

In this study, the link performance limitations of the ACCHs when operating at C/I levels more suited to the most robust mode of AMR were analysed in terms of impact on the radio link failure procedure and on handover 

For the DL SACCH, it was not clear if an improvement in link performance would provide a benefit other than to provide the user the option to maintain a connection during the onset of link failure. 

For the DL FACCH, an improvement might be needed to improve the reliability of async HO. However, as the failure rate appears to be largely dependent of the failure rate of the PHYSICAL INFORMATION message, the number of allowed attempts for this message should also be investigated.


















� Time between re-transmissions is defined by parameter T200. A typical value would be 160ms.


� Time between re-transmissions is defined by parameter T3105. A typical value would be 100ms.
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