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DTX-Based Repeated SACCH for VAMOS SACCH Enhancement
1. Introduction

In GERAN#43, DTX-based repeated SACCH (DRSACCH) [1] was proposed to improve the SACCH performance in VAMOS for both downlink and uplink. In DRSACCH, a SACCH block and its repetition can be transmitted per SACCH period (480 ms) when a VAMOS aware user is in DTX mode. Therefore, DRSACCH can enhance VAMOS SACCH performance without any delay of information delivered by SACCH blocks (e.g., power control/timing advance commands, system information and measurement report). 
DTX-based repeated SACCH is independent of Repeated SACCH (RSACCH) [2] and Shifted SACCH [3]. It may be combined with either (or both) of these two techniques for further SACCH performance enhancement.
This contribution highlights the mechanism of DRSACCH. Performance of DRSACCH and its extensions is evaluated in [4].
2. DTX-based repeated SACCH 
2.1 General
A. Transmission of SACCH repetition

Similar to Repeated SACCH, DRSACCH requires the transmitter to send an additional copy of a SACCH block to the receiver. However, unlike RSACCH in which transmission of a SACCH block and its repetition needs at least two SACCH periods, DRSACCH transmits a SACCH block and its repetition within one SACCH period when the VAMOS aware user is in DTX operation.
As shown below, in DRSACCH the repetition of a SACCH frame of a VAMOS aware user is transmitted through a designated TDMA frame only when this user enters the DTX mode and when this TDMA frame is not occupied for any other purposes (i.e., there is no collision between the SACCH repetition frame and the SID frame for TCH/FS and TCH/HS and between the SACCH repetition frame and the SID_FIRST, SID_UPDATE or ONSET frame for TCH/AFS and TCH/AHS, etc.). In DRSACCH, the TDMA frame arrangement for the TCH frames and the normal SACCH frames is preserved for both VAMOS subchannels as that in the legacy channel organization [5].
B. Process of SACCH repetition at receiver
Similar to Repeated SACCH [2], in DRSACCH the receiver shall first try to decode the received normal SACCH block without combining any other data. If this first decoding fails, the receiver shall/may attempt to combine the received normal SACCH block and the received potential SACCH repetition (which is obtained from the designated TDMA frames) to conduct the second decoding.
2.2 VAMOS SACCH mappings
Simply extending the legacy GSM traffic channel organization [5] yields the 26- multiframe structure for VAMOS as illustrated in Fig. 1 below, in which u and u’ in full rate (FR) (similarly, u1 and u1’; u2 and u2’ in half rate (HR)) denote a pair of VAMOS users in VAMOS subchannel 0 and 1 respectively.
Note that Fig. 1 shows the SACCH mappings only for the first 26- multiframe transmitting a part of a SACCH block. An encoded SACCH block is interleaved and mapped to four SACCH frames [6], and is transmitted through four 26- multiframes in 480 ms [5]. SACCH mappings in the 2nd, 3rd, and 4th 26- multiframe can be updated accordingly.
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(a) TCH/FS and SACCH/FS frames (u and u’ denote a full rate VAMOS user pair)
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(b) TCH/HS and SACCH/HS frames (u1 and u2 (shaded) denote two half rate users in VAMOS Subchannel 0; u1’ and u2’ (shaded) denote two half rate users in VAMOS Subchannel 1)
· T, T’: TDMA frames transmitting TCH;

· A, A’, A1, A1’, A2, A2’: TDMA frames transmitting SACCH;

· I, I’: idle TDMA frame.
Fig. 1 VAMOS 26- multiframe structure.
2.3 VAMOS SACCH mappings in DRSACCH
The SACCH mappings in DRSACCH shown below are applicable only if all of the following conditions are satisfied:
1) the MS is VAMOS capable;

2) the user is in DTX mode;

3) the designated TDMA frame for transmission of SACCH repetition is not occupied.
Otherwise, the channel organization shown Fig. 1 above will be used. 

A. for user u (FR)
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B. for user u’ (FR)
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C. for user u1 (HR)
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D. for user u2 (HR)
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E. for user u1’ (HR)
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F. for user u2’ (HR)
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Note that in the SACCH mappings of DRSACCH shown above, a SACCH repetition frame of one VAMOS user is designed to avoid being potentially paired with either a normal SACCH frame or a SACCH repetition frame of the other VAMOS user. The normal SACCH frame and the SACCH repetition frame are represented with the upper case and lower case letters, respectively. 
3. Combination of DRSACCH and RSACCH 
When combined with RSACCH, DRSACCH can further improve RSACCH performance, reduce the delays of transmitting SACCH repetition in RSACCH, and therefore increase the SACCH Layer 1 information throughput [4]. With this combining scheme, the transmitter could send one normal SACCH block and three copies of this SACCH block within two SACCH periods to increase the robustness of control channel [4]. This combining approach will increase the complexity in the both transmitter and receiver sides. 

As evaluated in [4], for DRSACCH the impact on the TCH of the other VAMOS user due to transmission of SACCH repetition when one VAMOS user is in DTX mode is negligible.

4. Combination of DRSACCH and Shifted SACCH
DRSACCH can also be combined with Shifted SACCH [3] by re-organizing the TCH and normal SACCH frames accordingly. Transmission and receive of SACCH repetition in DRSACCH are the same as described in Sec. 2.
The performance of the combination of DRSACCH with Shifted SACCH and/or RSACCH have also been shown in [4]. Significant SACCH Layer 1 information throughput gain can be achieved with the combination of three SACCH enhancement techniques compared to using RSACCH only.
5. Summary
The mechanism of transmitting and receiving SACCH repetition in the DTX-based repeated SACCH approach has been described. SACCH mappings of DRSACCH have been illustrated. The tradeoff of SACCH performance benefits and the increase in complexity of both transmitter and receiver with DRSACCH have been discussed. Furthermore, potential combinations of DRSACCH with RSACCH and/or Shifted SACCH have been presented.
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