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Discussion on SACCH performance for FPC

1 Introduction

This document contains a discussion on the feasibility of various ways to reduce the link performance degradation of the SACCH caused by the introduction of SACCH burst based power control.

2 Background

In an accompanying contribution [2] a fast power control scheme for speech is proposed. It uses stealing bits of the SACCH bursts for power control signalling (i.e., power control commands and measurement reports) to accommodate a regulation interval of 120 ms.

To get sufficient signalling performance, it is necessary to use 12 bits per burst for this purpose [2]. If only puncturing of the encoded SACCH codeword is used to free the necessary bits, the SACCH performance is degraded by 1 dB [1]. On a TCH/AFS, the performance of the associated control channels might limit the use of the lowest codec modes, especially MR475, which can operate in conditions with C/I as low as 2-3 dB.

3 Necessity

Currently no investigations have been presented showing whether the current SACCH performance limits the use of the lowest codec modes on a fullrate channel or not. Consequently, it is difficult to say what is an acceptable degradation. In this document it is assumed that the current SACCH has sufficient link performance. The SACCH performance with fast power control must then not be significantly worse than the performance of the normal SACCH.

4 Link performance improvements

Methods to improve the link performance of the SACCH include:

1. Improved channel coding

2. Increased gross bit rate

3. Reduced payload size

In the following, these methods are discussed.

4.1 Improved channel coding

Complexity must be taken into account when designing the channel coding. A reasonable constraint is that the complexity should not be significantly higher than that of the speech channel coding.

One way to improve the channel coding is to increase the constraint length of the convolutional code. A constraint length of K=7 is used for some of the AMR codec modes of today. On the TCH/AFS7.95, a convolutional code with rate R=1/3, constraint length K=7 and a block size of 165 bits is used. Using K=7 on the SACCH would give similar complexity; R=1/2, K=7 and block size of 224 bits (after FIRE code). Thus, increasing the constraint length to 7 is a feasible way to improve the performance of the SACCH.

4.2 Increased gross bit rate

It has been proposed [3] to send additional SACCH bursts in the idle slots on a fullrate channel, thereby increasing the gross bit rate. This will enable more redundancy to be sent, e.g., repetition could be used. The gains and drawbacks of this must be evaluated further.

4.3 Reduced payload size

If the payload size of the SACCH is reduced, more channel coding will fit into the radio block. Such changes must be compared to the standardisation and implementation work of changes in protocols, as well as possibly reduced functionality.

4.3.1 Layer 1

The layer 1 structure is specified in [4].

The SACCH L1 block consists of 23 octets. It has a L1 header part and a payload part for the L2 message. The L1 block format for downlink transmission is depicted in Figure 1. The uplink block is identical except that the Ordered MS power level and Ordered timing advance fields are replaced by the Actual MS power level and Actual timing advance fields.
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Figure 1. SACCH L1 downlink block format.

Apparently, there are two spare bits in the L1 header. Further, the FPC bit, introduced for use on ECSD channels, is of little use in the current context Error! Reference source not found.. These three bits could be removed from the L1 header of the reduced SACCH, leaving more room for channel coding.

The Ordered MS power level field in the downlink is not really necessary since the MS will anyway ignore its value and follow the fast power level commands sent via the stealing bits. If necessary, this field could also be removed. The Actual MS power level field in the uplink is necessary for pathloss estimation, which might be used e.g. for LCS and power control. If only the Ordered MS power level field is removed, the block format and channel coding will be different in uplink and downlink.

4.3.2 Layer 2 (Data Link layer)

The current working assumption is that RLC is the preferred L2 protocol on control channels when in Iu mode and LAPDm when in A mode. In this document the LAPDm protocol is considered, i.e., it applies to A mode only. For the Iu mode, the power control signalling needs should be taken into account in the design of RLC.

The Data Link layer is specified in [5]. LAPDm is used for peer-to-peer communication on this layer.

Four different block formats are used on L2 for the SACCH: Formats A, B, Bter and B4.

· Format A is used for frames where there is no information field (cf. Figure 2).

· Formats B, Bter and B4 are used for frames containing an information field:

· Format Bter is used on request of higher layers if and only if short L2 header type 1 is supported and a UI command is to be transmitted on SAPI 0 (cf. Figure 5);

· Format B4 is used for UI frames transmitted by the network (cf. Figure 4);

· Format B is applied in all other cases (cf. Figure 1).
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Figure 2. Format type A
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Figure 3. Format type B
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Figure 4. Format type B4
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Figure 5. Format type Bter

LAPDm has two modes of operation: unacknowledged operation using UI (unnumbered information) frames, and acknowledged operation using the multiple frame procedure. On SACCH, the unacknowledged mode is used to provide service to RRC, while the acknowledged mode is used for SMS transfer during an ongoing call.

If the format of the layer 2 frames is changed, it would be advantageous if it is done in such a way that higher layers are unaffected by the changes.

4.3.2.1 Header fields

The L2 header consists of up to three octets. For unacknowledged information transfer on SACCH, none of the fields in the header are really necessary.  Removing (some of) these would leave plenty of space for additional channel coding on the physical layer. Unfortunately, this reduction possibility has already been utilised; the result is format type Bter. The purpose is not to increase the channel coding but to increase the L3 payload size. Certain important RRC messages sent on the SACCH use this format type: the MEASUREMENT INFORMATION message and the ENHANCED MEASUREMENT REPORT. For these messages, L3 expects a frame size of 21 octets (including the header octet).

4.3.2.2 Payload fields

Reducing the size of the payload field without affecting higher layers is only possible if messages of the same size as before can still be transferred. The acknowledged mode supports segmentation on layer 2, so a reduction of the payload size in frames used for acknowledged mode data transfer (format type B) would be transparent to higher layers. However, the unacknowledged mode, which uses format type B, B4 and Bter, does not support segmentation on layer 2. Due to this, it is not possible to transparently reduce the payload size, since higher layers may require transfer of messages of maximum size (18 octets for format type B, 19 octets for format type B4 and 20 octets for format type Bter) [7].

4.3.3 Layer 3 (RRC and point-to-point SMS)

Layer 3 protocols used over SACCH are described in [6] and [7].

As described in section 4.3.2, the L2 frame size can not be reduced without affecting higher layers. The limiting factor is the RRC messages using the short L2 header (MEASUREMENT INFORMATION and ENHANCED MEASUREMENT REPORT). Since these messages are of variable size, it would be possible to reduce their maximum size (e.g., to one octet less than today). However, this would also degrade the performance in terms of the amount of information transferred, and should be avoided (notice that this implies changes also in L2 and L1).

5 Proposed format and channel coding

It is proposed not to change anything in L2 and L3 for the purpose of SACCH performance with FPC. Minor modifications to the channel coding are considered sufficient.

5.1 L1 block format

 It is proposed not to remove any bits in the SACCH L1 header. The motivation for this can be found in the performance evaluation in section 5.3. This means a L1 block size of 184 bits before channel coding, as today.

5.2 Channel coding

After FIRE encoding, a convolutional code with constraint length K=7, with existing coding polynomials [8], is used. This results in a block of 460 bits. The block is punctured to 416 bits. In total, there are 464 bits in a normal SACCH radio block (including the eight present stealing bits, which have no meaning today). This leaves 48 bits for power control signalling, or 12 bits per burst.

5.3 Performance

For the SACCH, new puncturing and interleaving schemes were designed. It should be noted that not much effort was spent on optimising the schemes, and therefore the results may be slightly pessimistic.

To assess the link performance of the proposed SACCH coding, simulations were run. A co-channel interference limited TU channel was used at 3 km/h and 50 km/h. 100,000 SACCH frames were simulated in each simulation point. For comparison, some different alternatives were simulated, as described in Table 1.

Payload reduction
Payload size
Constraint length
Encoded size
Comment

0
184
7
416
Proposed scheme

0
184
5
416
Puncturing only

3
181
7
416
Remove spare and FPC bits

8
176
7
416
Remove spare bits, FPC bit and MS power level

0
184
5
456
Normal SACCH

Table 1. Simulated schemes.

The results are shown in Figure 6 and Figure 7 for 3 km/h and 50 km/h, respectively. The leftmost curve (black) shows the performance of the normal SACCH. The rightmost curve (red) shows the performance when not reducing the L1 header (puncturing only) and using constraint length K=5. The loss is about 1 dB. When the constraint length is increased to K=7, the loss is reduced to 0.6 dB (cyan). If the L1 header is reduced by 3 bits or 8 bits, the loss is 0.5 dB (magenta) or 0.25 dB (blue), respectively.

Since the Actual MS Power Level is of use, it is proposed not to remove this field in the uplink. To avoid different block formats and channel coding in uplink and downlink, the Ordered MS Power Level should be kept as well. Further, since the gain from removing the spare bits and the FPC bit is only 0.1 dB, it is proposed to keep the entire L1 header intact.
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Figure 6. Link performance of different SACCH alternatives on a TU3 iFH channel.
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Figure 7. Link performance of different SACCH alternatives on a TU50 iFH channel.

6 Conclusions

To minimise the performance degradation caused by stealing bits for SACCH burst based power control signalling, it is proposed to increase the constraint length of the convolutional code to seven. The layer 1 block format and the higher layers should be left intact.

The performance of the modified SACCH is compared to that of the normal SACCH; the difference is 0.6 dB. This is considered acceptable.
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