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This contribution is an updated version of the Tdoc GP-0000402 "SACCH design for Quarter rate channels" [3] presented during the GERAN #1 plenary meeting in Seattle. In this original document, requirements and constraints for the design of a QR SACCH were reviewed and an alternative proposal to the proposal in [1] was described. We extend this review to the design of FACCH for QR AMR speech.
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1. SACCH

This section intends to review the basic requirements and constraints applied to the design of a SACCH for QR channels. The proposal [1] is reviewed and an alternative simple proposal is described.

In QR channels, only 2 bursts per user are available per reporting period to send a complete SACCH block (see table 1). Therefore, the coding scheme has to be modified to fit in the current multiplexing mapping. As stated in [1], the two extremes alternatives are:

a) The coding rate can be divided by two or,

b) SACCH cycle can be increased from 480ms to 960ms.

The consequence of decreasing the coding rate is that SACCH is likely to be less robust compared to FR and HR schemes using the same modulation. If this robustness is to low, it might decrease accuracy of measurements reported and even potentially provoke a call drop due to the Radio Link Timeout mechanism.  

The consequence of doubling the SACCH cycle is that it doubles the reporting period as well as the measurement period, therefore decreasing response time of the layer 1 management.

The problem to solve is to find an adequate scheme in order to keep the response time and accuracy of layer 1 management as good as existing schemes for TCH/FR and TCH/HR in GMSK. 

Table 1. gives the current foreseen mapping of SACCH over the 104 multiframe (480ms) over Time Slot 0, for E-TCH/FR, E-TCH/HR and E-TCH/QR. 

· E-TCH/FR and E-TCH/HR mapping are derived from existing TCH/FR and TCH/HR. 

· E-TCH/QR mapping is derived from [1].
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Table 1. SACCH mapping for E-TCH/FR, E-TCH/HR and E-TCH/QR for time slot 0.


Time slot for Idle or SACCH


Time slot dedicated to traffic

S
SACCH of the current user

D
Traffic of the current user

1.1 Performance requirements

The robustness of the SACCH should be so that processing of handovers and power control is done in a satisfactory manner. I.e. the SACCH performances have to be consistent with the speech channel performances and the dynamic of the system.

1.2 SACCH erasure rate

Table 2. taken from [2] (GSM 05.05 table 1). shows the reference sensitivity level performances (GSM 850 MHz and 900MHz) compared between SACCH and TCH/AHS4.75 (the most robust mode of the TCH/AHS). 

Propagation conditions
SACCH (SDCCH max FER in %)
TCH/AHS 4.75 (max FER in %)

TU50 (No FH)
13
0.029

TU50 (Ideal FH)
8
0.01

RA250 (No FH)
8
-

HT100 (No FH)
12
0.01

Table 2. FER performances at reference sensitivity level for GSM 850 and 900.[2]

We see that the FER levels for SACCH in TCH/HR are much higher than those for speech at reference sensitivity level. 

1.3 Reporting period

The reporting period should be the same as for existing SACCH to allow the same response time in Layer 1 management. I.e. 480ms. One advantage is to have consistent settings in handover margin for QR, HR and FR channels.

1.4 Design constraints

The design constraints and degrees of freedom are listed here:

· 2 bursts per 480ms

· Modulation: 8PSK or GMSK

· Channel coding: existing GSM channel coding tools. I.e. convolutional codes, CRCs, Fire codes.

· Interleaving and mapping: block interleaving over one reporting period.

1.5 Proposed scheme

Given the assumed requirements and constraints, the straightforward scheme to use would be the following:


2 blocks over 480ms


Best of GMSK or 8PSK and best of the existing channel coding.

Regarding the choice of modulation, [1] gives simulation results comparisons between GMSK and 8PSK with an SACCH scheme using Fire codes and convolutionnal codes and interleaved over 2 blocks every 480ms. The conclusion is that 8PSK is better than GMSK for SACCH. Indeed, 8PSK shows a gain of 4.8dB over GMSK at 5% FER in TU3iFH propagation conditions. Therefore we propose to use 8PSK modulation for SACCH/TQ.

Regarding the proposed use of incremental redundancy in [1], we think it is not of great advantage. First, because it involves a feedback channel based on stealing bits which is likely not to be as robust as required in adverses conditions - i.e. when IR is of benefit. Second, because this retransmission means that not only the most recent measurements are lost to the profit of the repeated ones, but, these measures are received with an additionnal delay of 480ms therefore slowing done the L1M when it is the most needed.

We can also find in [1] (Table 4. SACCH/TQ Link Level Performance over TU3iFH reprinted here) that the SACCH/TQ scheme without IR we propose is better than the example E-TCH/AQS 7.4 coding scheme. 

Channel
Modulation
SACCH cycle
C/Ico @ FER = 5%

SACCH/TQ
GMSK
480 ms
(no retransmission)
20.2 dB



960 ms
(with retransmission)
8.5 dB


8PSK
480 ms
(no retransmission)
15.4 dB



960 ms
(with retransmission)
8.6 dB

E-TCH/Q 12.2
8PSK
-
24 dB

E-TCH/Q 7.4
8PSK
-
16.3 dB

SACCH/TQ Link Level Performance over TU3iFH (reprinted from [1])

In [4], the following performance comparisons were made for 8PSK. 

Cochannel interference(C/ICO)

Mode rate
C/Ico level at 1%FER

E-TCH/Q 12.2
28.5 dB

E-TCH/Q 7.4
19.8 dB

E-TCH/Q 4.75
16.7 dB

These results show that 

· E-TCH/AQS at 4.75 kbps (example coding scheme) operates at C/Ico 16.7 dB and over (1%FER). 

· SACCH/TQ using 8PSK over 2 bursts operates at C/Ico 15.4 dB (5%FER)

Therefore SACCH over 480ms without retransmission can operate when the most robust mode of QR AMR is used.

2. FACCH

· A natural FACCH for QR channels would be interleaved with speech and using the same modulation as the interleaved speech. This implies that 4 frames are stolen every time a FACCH is sent. The QR FACCH channel proposed in [5] steals speech burst wise. The pros and cons of such scheme according to previous discussions are the following:

pros:

· GMSK used in all FACCH cases: coverage is more extended in GMSK than in 8PSK.

Comments: 

In  adverse conditions, the purpose of the FACCH is to prepare a handover. This preparation should take place before the coverage of speech is lost. Therefore, it is not necessary to extend the FACCH coverage more than the speech coverage.

cons:

· More frames are stolen 5 (100ms) instead of 4 (80ms).

· 10 ms additional delay on the speech path for optimal detection.

· New interleaving scheme (additional complexity)
Comments:

The 10ms delay in decoding is illustrated by the following figure in FR channel
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Proposal:

In 8PSK QR, FACCH performances are likely to be closed to SACCH performances. Therefore if SACCH over 2 bursts is possible, we suggest the possibility that a 2 bursts FACCH interleaved over 4 bursts could be used instead of burst wise stealing. This last possibility reduces the speech blanking down to the level of half rate speech channels (2 frames or 40ms).

3. conclusion

The basic requirements and constraints applied to the design of a SACCH for QR channels have been reviewed. An alternative simple proposal to the existing proposal [1] is described. This proposal of a SACCH over 480ms without retransmission can operate when the most robust mode of QR AMR is used. Therefore, we believe this proposed scheme is satisfactory. 

This discussion has been extended to FACCH and an alternative simple proposal is given which would reduce the speech quality impact. 

We would appreciate some feedback from the group on this proposal.

