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************** First Modified Section ****************
11.3 DTX-based Repeated SACCH (DRSACCH)
11.3.1 Concept Description

In DTX-based repeated SACCH (DRSACCH), the repetition of a SACCH block can be transmitted along with the normal SACCH block within the same SACCH period (480 ms) when a MUROS subchannel is in DTX mode. Therefore, DRSACCH can enhance SACCH performance without any delay of information (e.g., power control/timing advance commands, system information and measurement reports, etc.) delivered by SACCH blocks.

11.3.1.1 
Transmission of SACCH repetition
Similar to Repeated SACCH (RSACCH) [11.3-1], DRSACCH requires the transmitter to send an additional copy of a SACCH block or a part of the full copy of a SACCH block (i.e., less than 4 bursts of a SACCH block) to the receiver. However, unlike RSACCH in which transmission of a SACCH block and its repetition takes at least two SACCH periods, DRSACCH transmits a SACCH block and its repetition within one SACCH period when the MUROS subchannel is in DTX operation.

As shown below, in DRSACCH the repetition of a SACCH frame can be transmitted through a designated TDMA frame only when the BSS is in DTX mode and the mobile is a VAMOS aware terminal for the downlink or when a MUROS aware user which is assigned with a new training sequence enters the DTX mode for the uplink, and when this TDMA frame is not used 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.). 
11.3.1.2 
Process of SACCH repetition at receiver

As in RSACCH, 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 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. If the second decoding fails, Repeated SACCH may be activated as specified in [11.3-1].
Since SACCH repetitions are transmitted at the designated TDMA frames, unlike FACCH frames which are detected with stealing bits, SACCH repetition frames do not need such a detection procedure. Similar to a normal SACCH block, the potential copy of a normal SACCH block is simply generated by collecting data from those designated TDMA frames. 
11.3.1.3 
SACCH mappings for MUROS

11.3.1.3.1 
MUROS 26-frame multiframe 

Simply extending the legacy GSM traffic channel organization [11.3-2] yields the 26-frame multiframe structure for MUROS as illustrated in Fig. 11.3-1 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 MUROS users in MUROS subchannel 0 and 1 respectively.

Note that in Fig. 11.3-1, the SACCH mappings only for the first 26-frame multiframe transmitting a part of a SACCH block are presented. An encoded SACCH block is interleaved and mapped to four TDMA frames [11.3-3], and is transmitted through four 26-frame multiframes in 480 ms [11.3-2]. 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 MUROS Subchannel 0; u1’ and u2’ (shaded) denote two half rate users in MUROS Subchannel 1)
· T, T’: TDMA frames transmitting TCH;

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

· I, I’: idle TDMA frame.
Fig. 11.3-1: MUROS 26-frame multiframe structure.
11.3.1.3.2 
MUROS SACCH repetition mappings in DRSACCH 

The SACCH mappings in DRSACCH shown in Fig. 11.3-2 below are applicable only if all of the following conditions are satisfied:

1) the MS is MUROS-capable (for UL an MS assigned with a new training sequence from TSC Set 2 (see subclause 10.2) is required.);

2) the MUROS subchannel is in DTX mode;

3) the designated TDMA frame for transmission of SACCH repetition is not occupied for any other purposes.

Otherwise, the channel organization shown Fig. 11.3-1 above will be used. 

A. for user u (full rate)
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B. for user u’ (full rate)
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C. for user u1 (half rate)
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D. for user u2 (half rate)
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E. for user u1’ (half rate)
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F. for user u2’ (half rate)
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· a, a’, a1, a1’, a2, a2’: TDMA frames transmitting SACCH repetition;

Fig. 11.3-2: MUROS SACCH repetition mappings in DRSACCH.

Note that to maximize the benefits from DTX operation, SACCH mappings in DRSACCH is designed to avoid a SACCH repetition frame in one MUROS subchannel being paired with a normal SACCH frame, a shifted SACCH frame (see subclause 11.1)  or a SACCH repetition frame in the other MUROS subchannel. The normal SACCH frames and the SACCH repetition frames in Fig. 11.3-2 are represented with the upper case and lower case letters, respectively.
11.3.1.4 
Compatibility
In DRSACCH, the TDMA frame arrangement for the TCH frames and the normal SACCH frames is preserved for both MUROS subchannels as that in the legacy channel organization [11.3-2]. The introduction of DRSACCH does not impact on the channel organization of legacy networks and mobile terminals. The transmitted SACCH repetition on one MUROS subchannel does not impact on the performance of the normal SACCH block of both MUROS subchannels, and on the speech performance on the same MUROS subchannel. As evaluated in subclause 11.3.3.1.7, the impact of this SACCH repetition on the speech of the other MUROS subchannel is negligible. 
Since the positions of the predefined TDMA frames that could be used to transmit SACCH repetition in DTX mode are known by both transmitter and receiver, DRSACCH may not require any signalling to inform the DRSACCH capability for both DL and UL.  
Since the transmitter has knowledge on when the DTX operation starts and ends, it needs to further map a repeated SACCH frame to a predefined TDMA frame during DTX operation. The receiver may conduct the second decoding by combining the normal SACCH block and the potential SACCH repetition within one SACCH period. The decoding complexity of DRSACCH is similar to that of RSACCH. When combined with Repeated SACCH, DRSACCH will increase the complexity of both the network and the MS compared to the use of Repeated SACCH only.

11.3.2 Further SACCH Performance Enhancements

DRSACCH is independent of RSACCH [11.3-1] and Shifted SACCH (SSACCH) (see subclause 11.1) schemes. It may be combined with either (or both) of these two techniques for further SACCH performance enhancement.

11.3.2.1 
Combination of DRSACCH and RSACCH

When combined with RSACCH, as shown in subclause 11.3.3 below, DRSACCH can further improve RSACCH performance, reduce the delays for transmitting SACCH repetition in RSACCH, and therefore increase the SACCH information throughput. 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. 

11.3.2.2 
Combination of DRSACCH and SSACCH

DRSACCH can also be combined with SSACCH, which is applicable to MS supporting VAMOS II, by re-organizing the TCH frames and the normal SACCH frames accordingly. Transmission and receive of SACCH repetition in DRSACCH are the same as described above.

The performance of the combination of DRSACCH with SSACCH and/or RSACCH is shown in subclause 11.3.3. Significant throughput gains of SACCH information can be achieved with the combination of three SACCH enhancement techniques compared to using RSACCH only.
Table 11.3-1 lists the potential combinations of SACCH performance enhancement techniques.

Table 11.3-1 VAMOS SACCH enhancement techniques

	VAMOS SACCH enhancements
	Expressions in short

	Repeated SACCH
	RSACCH

	Shifted SACCH
	SSACCH

	DTX-based repeated SACCH
	DRSACCH

	Combination of Shifted SACCH and DTX-based RSACCH
	SSACCH + DRSACCH

	Combination of Shifted SACCH and Repeated SACCH
	SSACCH + RSACCH

	Combination of DTX-based repeated SACCH and Repeated SACCH
	DRSACCH + RSACCH

	Combination of Shifted SACCH, DTX-based repeated SACCH, and Repeated SACCH
	SSACCH + DRSACCH + RSACCH


11.3.3 Performance Characterization

11.3.3.1 
Link Level Performance

Link level performance of AMR speech channels, SACCH and SACCH enhancements in the DL has been evaluated through simulation for the interference limited scenario MTS-2, typical urban, terminal speed 3 km/h, ideal frequency hopping (TU3iFH) with speech codecs TCH/AFS4.75 and TCH/AHS4.75. The downlink receiver is assumed to be a DARP Phase I terminal. Both DTX mode and non-DTX mode cases are evaluated. The DTX model used in the simulations is as defined in subclause 5.1. Subchannel power imbalance ratio (SCPIR) values of -3 dB and 0 dB have been investigated. For ease of evaluation, in MUROS mode, the performance of MUROS Subchannel 1 only is considered except for subclause 11.3.3.1.6 in which the speech performance of MUROS Subchannel 0 is discussed. 
Simulation assumptions are summarized in Table 11.3-2.

Table 11.3-2 Simulation assumptions for MUROS

	Parameter
	Value

	Speech codecs
	TCH/AFS4.75, 

TCH/AHS4.75

	Control channels
	SACCH, RSACCH, SSACCH, DRSACCH, SSACCH+DRSACCH, SSACCH+RSACCH, DRSACCH+RSACCH, SSACCH+ DRSACCH+RSACCH

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal, Yes

	Interference
	MTS-2, GMSK and QPSK modulated

	TSC pair for VAMOS 
	TSC-5 pair

	Activity factor for DTX
	0.6

	Receiver
	SAIC

	SCPIRs
	0 dB, -3 dB

	Subchannel
	MUROS subchannel 1 and 0


11.3.3.1.1 
Performance of TCH, SACCH and RSACCH in non-MUROS mode
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Fig. 11.3-3: Performance of legacy TCH/AFS4.75, TCH/AHS4.75, SACCH and RSACCH

(DTS-2, GMSK modulated interference).
11.3.3.1.2 
Performance of TCH, SACCH and RSACCH in MUROS mode
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Fig. 11.3-4: Performance of MUROS speech channels (with/without DTX) and control channel

(MTS-2, GMSK modulated interference, SCPIR=0dB).
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Fig. 11.3-5: Performance of MUROS speech channels (with/without DTX) and control channel

(MTS-2, QPSK modulated interference, SCPIR=0dB).
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Fig. 11.3-6: Performance of MUROS speech channels (with/without DTX) and control channel

(MTS-2, GMSK modulated interference, SCPIR=-3dB).
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Fig. 11.3-7: Performance of MUROS speech channels (with/without DTX) and control channel

(MTS-2, QPSK modulated interference, SCPIR=-3dB).

11.3.3.1.3 
Relative performance between TCH and SACCH in Non-MUROS and MUROS modes
11.3.3.1.3.1 
Results

The performance of speech channel at 1% FER and the performance of SACCH at 5% BLER are evaluated. Tables 11.3-3 – 11.3-7 list the relative C/I values between speech channels and SACCH/RSACCH, which are collected from Fig. 11.3-3 to Fig. 11.3-7 respectively. Speech channel performance is used as the reference. 

Table 11.3-3 Relative C/I performance between TCH and SACCH (dB) 
(DTS-2, GMSK modulated interference)

	Codec
	Control Channel 

(Non-MUROS)

	
	SACCH
	RSACCH

	TCH/AFS4.75
	4.91
	0.17

	TCH/AHS4.75
	-0.39
	-5.13


Table 11.3-4 Relative C/I performance between TCH and SACCH (dB) 
(MTS-2, GMSK modulated interference, SCPIR=0dB)

	              Codec
	Control Channel (MUROS)

	
	TCH without DTX
	TCH with DTX

	
	SACCH
	RSACCH
	SACCH
	RSACCH

	TCH/AFS4.75
	5.22
	0.03
	5.63
	0.37

	TCH/AHS4.75
	-0.28
	-5.53
	0.19
	-5.06


Table 11.3-5 Relative C/I performance between TCH and SACCH (dB)
(MTS-2, QPSK modulated interference, SCPIR=0dB)

	Codec
	Control Channel (MUROS)

	
	TCH without DTX
	TCH with DTX

	
	SACCH
	RSACCH
	SACCH
	RSACCH

	TCH/AFS4.75
	4.97
	0.02
	5.11
	0.16

	TCH/AHS4.75
	-0.34
	-5.28
	0.0
	-4.94


Table 11.3-6 Relative C/I performance between TCH and SACCH (dB)
(MTS-2, GMSK modulated interference, SCPIR=-3dB)

	Codec
	Control Channel (MUROS)

	
	TCH without DTX
	TCH with DTX

	
	SACCH
	RSACCH
	SACCH
	RSACCH

	TCH/AFS4.75
	5.38
	0.08
	5.81
	0.51

	TCH/AHS4.75
	-0.22
	-5.52
	0.59
	-4.71


Table 11.3-7 Relative C/I performance between TCH and SACCH (dB)
(MTS-2, QPSK modulated interference, SCPIR=-3dB)

	Codec
	Control Channl (MUROS)

	
	TCH without DTX
	TCH with DTX

	
	SACCH
	RSACCH
	SACCH
	RSACCH

	TCH/AFS4.75
	7.40
	1.66
	7.68
	0.28

	TCH/AHS4.75
	-0.25
	-5.27
	0.18
	-4.84


11.3.3.1.3.2 
Discussion

These tables demonstrate that the performance imbalance between SACCH and TCH and between RSACCH and TCH for non-MUROS mode cannot be fully maintained for MUROS mode, respectively, especially when DTX is on. This motivates the work for SACCH/RSACCH enhancement.
11.3.3.1.4
Impact of DTX operation on MUROS speech channels  

Table 11.3-8 presents the MUROS speech channel performance gains (in dB) due to DTX operation. The TCH performance without DTX operation is used as the reference. The data in Table 11.3-8 are obtained from Fig. 11.3-4 to Fig. 11.3-7. The results in this table show that, in general, the TCH performance gains from DTX operation for the studied AMR HR speech channel are larger than those for the AMR FR speech channel.
Table 11.3-8 Impact of DTX operation on MUROS TCHs

	Codec
	GMSK modulated intf.
	QPSK modulated intf.

	
	SCPIR=0 dB
	SCPIR=-3 dB
	SCPIR=0 dB
	SCPIR=-3 dB

	TCH/AFS4.75
	0.40
	0.42
	0.15
	0.28

	TCH/AHS4.75
	0.47
	0.81
	0.33
	0.43


11.3.3.1.5 
Performance of SACCH enhancement techniques in MUROS
11.3.3.1.5.1
Simulation
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Fig. 11.3-8: Performance of MUROS AMR speech channels (with DTX), SACCH and 

SACCH enhancements (MTS-2, GMSK modulated interference, SCPIR=0dB).
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Fig. 11.3-9: Performance of MUROS AMR speech channels (with DTX), SACCH and 

SACCH enhancements (MTS-2, QPSK modulated interference, SCPIR=0dB).
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Fig. 11.3-10: Performance of MUROS AMR speech channels (with DTX), SACCH and 

SACCH enhancements (MTS-2, GMSK modulated interference, SCPIR=-3dB).
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Fig. 11.3-11: Performance of MUROS AMR speech channels (with DTX), SACCH and 

SACCH enhancements (MTS-2, QPSK modulated interference, SCPIR=-3dB).

11.3.3.1.5.2
Discussion

Figs. 11.3-8 – 11.3-11 demonstrate that DRSACCH can further improve the RSACCH performance when it is combined with RSACCH and/or SSACCH. SACCH performance gains considered at FER of 5% are shown in Table 11.3-9. RSACCH performance is considered as the reference. For the cases evaluated, the gains from the combination of DRSACCH with RSACCH range from 0.48 dB to 0.6 dB; while the gains from the combination of DRSACCH with SSACCH and RSACCH can be up to 1.5 dB.  

Table 11.3-9 (a) Performance gains with SACCH enhancements (GMSK modulated intf.)

	SACCH enhancements
	C/I gains @ FER of 5% (dB)

	
	SCPIR=0 dB
	SCPIR=-3 dB

	RSACCH
	0
	0

	SSACCH + RSACCH
	0.5
	0.7

	DRSACCH + RSACCH
	0.55
	0.6

	SSACCH + DRSACCH + RSACCH
	1.3
	1.5


Table 11.3-9 (b) Performance gains with SACCH enhancements (QPSK modulated intf.)

	SACCH enhancements
	C/I gains @ FER of 5% (dB)

	
	SCPIR=0 dB
	SCPIR=-3 dB

	RSACCH
	0
	0

	SSACCH + RSACCH
	0.07
	0.21

	DRSACCH + RSACCH
	0.48
	0.50

	SSACCH + DRSACCH + RSACCH
	0.74
	0.90


11.3.3.1.6 
Throughput of SACCH information
In the DL, a SACCH block transmits Layer 1 information such as power control (PC) and timing advance (TA) commands as well as system information. Although DL Layer 1 information may change slowly, it could also be updated with SACCH block by block. 
For the normal SACCH, SSACCH, DRSACCH and the combination of SSACCH and DRSACCH, one PC/TA command is transmitted per SACCH block (using 480 ms); while for Repeated SACCH, based on [11.3-1], one PC/TA command could be delivered through either one SACCH block, which results in the same BLER performance as the normal SACCH, or two consecutive SACCH blocks, which yields better performance but with delays of SACCH information update. This is also valid for the techniques which combine RSACCH with SSACCH and/or DRSACCH. Since a decision to transmit a SACCH repetition for the DL may be implementation-dependent [11.3-1] at the BSS, two extreme cases for RSACCH are considered to evaluate the throughput of SACCH information:

· RSACCH-1: If a current SACCH block cannot be correctly decoded by the MS, a repetition of this SACCH block is transmitted by the BSS at the next SACCH period. Note that this results in an ideal SACCH information throughput by RSACCH by assuming that the BSS has a full knowledge that the SACCH decoding is successful or not at the MS, and responds to this without any delay.
· RSACCH-2: One PC/TA command is always delivered through two SACCH blocks (using 960 ms).

11.3.3.1.6.1 
Simulation results (GMSK modulated interference; SCPIR=0 dB)

Simulated average number of SACCH blocks to transmit one PC/TA command for SACCH and SACCH enhancement techniques against C/I values is illustrated in Fig. 11.3-12. Common simulation assumptions are shown as in Table 11.3-2.

Fig. 11.3-12 demonstrates that the average number of SACCK blocks for transmission one SACCH Layer 1 command for RSACCH-1, and the combination of RSACCH-1 and SSACCH and/or DRSACCH consistently decreases with an increase in C/I. The combination of RSACCH-1, SSACCH and DRSACCH yields the least number of required SACCH blocks, on average, for transmission of a PC/TA command among the SACCH enhancements which include the RSACCH-1 scheme.  
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Fig. 11.3-12: Average transmitted SACCH blocks per PC/TA command 

(GMSK modulated intf, SCPIR=0 dB)

Fig. 11.3-13 shows the DL SACCH Layer 1 information throughputs (the number of Layer 1 PC/TA commands per second) for SACCH, RSACCH, SSACCH and DRSACCH. This figure demonstrates that RSACCH-2 can improve the legacy SACCH throughput at relatively low C/I values (C/I < 5 dB), but approaximtely haves the legacy SACCH throughput at high C/I values; RSACCH-1, which is based on an ideal implementation, yields close or better performance than RSACCH-2 at bad channel conditions, and close or better performance than the legacy SACCH at good channel conditions. The performance of RSACCH-1 serves as a bound of the performance of RSACCH-2 and the legacy SACCH. This figure demonstrates that either DRSACCH only or DRSACCH+SSACCH can yield close or better SACCH information throughput than that of RSACCH.
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Fig. 11.3-13: Throughput of SACCH Layer 1 commands (SCPIR=0 dB) (1).

Fig. 11.3-14 illustrates the throughputs of SACCH Layer 1 commands for the combined SACCH enhancement techniques. Combinations of RSACCH with SSACCH and/or DRSACCH yield better throughput performance than RSACCH in all range of C/I values considered. 
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Fig. 11.3-14: Throughput of SACCH Layer 1 commands (SCPIR=0 dB) (2).

SACCH information throughput gains of SACCH enhancement techniques against RSACCH and SACCH are evaluated based on Fig. 11.3-13 and Fig. 11.3-14, and presented in Table 11.3-10 at C/I of 5 dB (at which from Fig.11.3-8, the FER of TCH/AFS4.75 is around 1%). The throughputs of SACCH and RSACCH are considered as the references in the table. This table shows that DRSACCH can yield better SACCH information throughput performance than RSACCH and SACCH. When DRSACCH is combined SSACCH and/or RSACCH, it can further result in significantly throughput gains against RSACCH and SACCH.

Table 11.3-10 SACCH information throughput gains of DRSACCH at the C/I of 5 dB (SCPIR=0 dB)

	SACCH Enhancements
	References

	
	SACCH
	RSACCH-1

	DRSACCH
	42%
	4%

	SSACCH + DRSACCH
	66%
	21%

	DRSACCH + RSACCH-1
	59%
	11%

	SSACCH + DRSACCH + RSACCH-1
	76%
	29%


11.3.3.1.6.2 
Simulation results (GMSK modulated interference; SCPIR=-3 dB)
Similar to the evaluation discussed in Subsection 11.3.3.1.6.1, the average number of SACCH blocks to transmit one PC/TA command for SACCH and SACCH enhancement techniques against C/I values and the corresponding DL SACCH Layer 1 information throughputs (the number of Layer 1 PC/TA commands per second) are shown in Figs. 11.3-15 – 17 respectively for the cases of GMSK modulated interference and SCPIR being -3 dB.

Based on Fig. 11.3-16 and Fig. 11.3-17, SACCH information throughput gains of SACCH enhancement techniques against RSACCH and SACCH are listed in Table 11.3-11 at C/I of 7.75 dB (at which from Fig.11.3-10, the FER of TCH/AFS4.75 is around 1%). Again, this table confirms that DRSACCH can yield larger SACCH information throughput than RSACCH and SACCH. Combination of DRSACCH with SSACCH and/or RSACCH can further result in significantly throughput gains over RSACCH and SACCH.
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Fig. 11.3-15: Average transmitted SACCH blocks per PC/TA command 

(GMSK modulated intf, SCPIR=-3 dB).
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Fig. 11.3-16: Throughput of SACCH Layer 1 commands (SCPIR=-3 dB) (1).
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Fig. 11.3-17: Throughput of SACCH Layer 1 commands (SCPIR=-3 dB) (2).

Table 11.3-11 SACCH information throughput gains of DRSACCH at the C/I of 7.75 dB (SCPIR=-3 dB)

	SACCH Enhancements
	References

	
	SACCH
	RSACCH-1

	DRSACCH
	35%
	0.5%

	SSACCH + DRSACCH
	58%
	23%

	DRSACCH + RSACCH-1
	47%
	15%

	SSACCH + DRSACCH + RSACCH-1
	65%
	29%


11.3.3.1.7   
Impact of SACCH enhancements on MUROS speech channels
11.3.3.1.7.1 
Simulation

Figs. 11.3-18 – 21 evaluate the impact of SSACCH and DRSACCH on TCH performance on the other MUROS subchannel. Simulation assumptions for this evaluation are shown as in Table 11.3-12. Since SSACCH and DRSACCH result in similar impacts on the speech channels, only the evaluation of SSACCH is considered. Fig. 11.3-18 is shown for the case of TCH/AFS4.75 and SCPIR = 0 dB. Results for other cases can be found in [11.3-8]. 
Table 11.3-12 Simulation assumptions for MUROS

	Parameter
	Value

	Speech codecs
	TCH/AFS4.75, 

TCH/AHS4.75

	Control channels
	SSACCH, SSACCH+DRSACCH

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal, Yes

	Interference
	MTS-2, GMSK modulated

	TSC pair for VAMOS 
	TSC-5 pair

	Activity factor for DTX
	0.6

	Receiver
	SAIC

	SCPIRs
	0 dB, -3 dB

	Subchannel
	MUROS subchannel 0
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Fig. 11.3-18: Impact of SSACCH and/or DRSACCH on TCH/AFS4.75 (SCPIR=0dB).

11.3.3.1.7.2 
Discussion
The simulation results shown in Figs. 11.3-18 – 21 demonstrate that the performance impact on the TCH of the other MUROS subchannel due to DRSACCH or SSACCH+DRSACCH is negligible. For all cases considered, the worst TCH performance degradation which is due to the introduction of both SSACCH and DRSACCH is about 0.05 dB at 1% FER of speech channels.
11.3.3.2 
Analysis of RLT counter for SACCH enhancements
11.3.3.2.1
Description

As defined in [11.3-4], in the DL radio link failure is determined by the radio link timeout (RLT) counter S at the MS, which is initialized with a RADIO_LINK_TIMEOUT value S0. This counter is updated based on the success of decoding of a SACCH block. The value of S increases by 2 (the maximum value of S is limited to S0) when the SACCH block decoding succeeds or decreases by 1 (the minimum value of S is zero) when the SACCH block decoding fails. In a severe channel environment, the value of S may reach zero with a relatively high probability followed by the declaration of radio link failure. 

The operation of S can be considered as a stochastic process and modeled as a Markov chain [11.3-5] with the states representing the values of S, among of which one state (i.e., S=0) is an absorbing state. Subsection 11.3.3.2.2 analyzes the expiration probability of RLT counter for SACCH and SACCH enhancements with this model. In Subsection 11.3.3.2.3, the simulated CDF performance of minimal RLT counter values is discussed.
In 45.008 [11.3-4], it is indicated that “In general the parameters that control the forced release should be set such that the forced release will not normally occur until the call has degraded to a quality below that at which the majority of subscribers would have manually released. 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.” 

In general, before handover an MS is in poor channel conditions. For ease of network management for handovers, some AMR networks are required to work in poor C/I conditions [11.3-6]. An MS user in such situations may also mute the phone waiting for handover rather than release the call connection. 

In addition, based on AMR call quality measurements [11.3-7], even with some relatively high FER of the AMR codec, the call quality measured with Mean Opinion Score (MOS) may diverse largely in general for a given FER of a speech codec, i.e., individual MS users may have different opinions based on their experiences and expectations on the calls. Therefore, at low C/I conditions, some users may not drop the call manually.  
In the following, the RLT characteristics are evaluated with consideration of FER of speech codecs in a range from 1% to 25%.

Based on Fig. 11.3-8, Table 11.3-13 lists the BLERs of SACCH and some SACCH enhancement techniques for MUROS, in which the BLER values in each FER/BLER column correspond to the FER of TCH/AFS4.75 specified on the top of the same column. Similarly, Table 11.3-14 shows the BLERs of SACCH and some SACCH enhancement techniques for TCH/AHS4.75. Since the BLER of SSACCH+RSACCH (or SSACCH) is very close to that of DRSACCH+RSACCH (or DRSACCH), only DRSACCH+RSACCH (or DRSACCH) is taken into account in the following evaluation. 

Table 11.3-13 BLERs of SACCH and SACCH enhancement techniques (TCH/AFS4.75)

	Channels
	FER/BLER

	TCH/AFS4.75
	0.01
	0.05
	0.10
	0.15
	0.20
	0.25

	SACCH
	0.52
	0.75
	0.84
	0.89
	0.91
	0.94

	RSACCH
	0.070
	0.24
	0.38
	0.49
	0.58
	0.66

	DRSACCH + RSACCH
	0.045
	0.16
	0.28
	0.38
	0.45
	0.54

	SSACCH + RSACCH
	0.044
	0.17
	0.28
	0.38
	0.45
	0.53

	SSACCH + DRSACCH + RSACCH
	0.024
	0.096
	0.17
	0.25
	0.32
	0.39


Table 11.3-14 BLERs of SACCH and SACCH enhancement techniques (TCH/AHS4.75)

	Channels
	FER/BLER

	TCH/AHS4.75
	0.01
	0.05
	0.10
	0.15
	0.20
	0.25

	SACCH
	0.057
	0.20
	0.33
	0.44
	0.53
	0.60

	SSACCH
	0.035
	0.14
	0.24
	0.33
	0.40
	0.47

	DRSACCH
	0.034
	0.13
	0.22
	0.30
	0.36
	0.42

	SSACCH + DRSACCH
	0.021
	0.084
	0.15
	0.22
	0.27
	0.33


11.3.3.2.2
Expiration probabilities of RLT counter

In the following, the expiration probabilities of RLT counter vs call duration in terms of the number of SACCH periods are evaluated in Figs. 11.3-22 – 24 for the case of TCH/AFS4.75 (based on Table 11.3-13) and in Figs. 11.3-25 – 27 for the case of TCH/AHS4.75 (based on Table 11.3-14) with consideration of initial RLT counter values being 16, 32, and 64 respectively.

11.3.3.2.2.1
Analytical results
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(a) 1% FER of TCH/AFS4.75 
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(b) 10% FER of TCH/AFS4.75
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(c) 20% FER of TCH/AFS4.75
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(d) 25% FER of TCH/AFS4.75


Fig. 11.3-22: Expiration probability of RLT counter vs call duration with initial RLT counter being 16 (TCH/AFS4.75).
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(a) 1% FER of TCH/AFS4.75 
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(b) 10% FER of TCH/AFS4.75
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(c) 20% FER of TCH/AFS4.75
	[image: image32.emf]0 100 200 300 400 500 600 700 800 900 1000

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Call duration [SACCH periods]

Expiration probability of RLT counter

Initial RLT counter = 32

 

 

SACCH

RSACCH

DRSACCH+RSACCH

shifted+DRSACCH+RSACCH


(d) 25% FER of TCH/AFS4.75


Fig. 11.3-23: Expiration probability of RLT counter vs call duration with initial RLT counter being 32 (TCH/AFS4.75).
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(a) 1% FER of TCH/AFS4.75 
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(b) 10% FER of TCH/AFS4.75
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(c) 20% FER of TCH/AFS4.75
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(d) 25% FER of TCH/AFS4.75


Fig. 11.3-24: Expiration probability of RLT counter vs call duration with initial RLT counter being 64 (TCH/AFS4.75).
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(a) 1% FER of TCH/AHS4.75 
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(b) 10% FER of TCH/AHS4.75
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(c) 20% FER of TCH/AHS4.75
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(d) 25% FER of TCH/AHS4.75


Fig. 11.3-25: Expiration probability of RLT counter vs call duration with initial RLT counter being 16 (TCH/AHS4.75).
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(a) 1% FER of TCH/AHS4.75 
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(b) 10% FER of TCH/AHS4.75
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(c) 20% FER of TCH/AHS4.75
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(d) 25% FER of TCH/AHS4.75


Fig. 11.3-26: Expiration probability of RLT counter vs call duration with initial RLT counter being 32 (TCH/AHS4.75).
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(a) 1% FER of TCH/AHS4.75 
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(b) 10% FER of TCH/AHS4.75
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(c) 20% FER of TCH/AHS4.75
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Fig. 11.3-27 Expiration probability of RLT counter vs call duration with initial RLT counter being 64 (TCH/AHS4.75).

11.3.3.2.2.2
Discussion 
Figs. 11.3-22 – 11.3-27 demonstrate that the parameters such as BLER of SACCH/SACCH enhancement techniques for MUROS, call duration, and the initial RLT counter value significantly impact the expiration probability of an RLT counter. The expiration probability of the RLT counter increases with an increase in BLER of SACCH/SACCH enhancement techniques and call duration, but with a decrease in the initial RLT value. 
At relatively high FER of TCH/AFS4.75 such as 20% or 25%, the performance of the expiration probability of RLT counter for RSACCH degrades significantly even for the initial RLT counter value being 64. The combination of RSACCH with DRSACCH and/or SSACCH significantly reduces the possibility of expiration rate of RLT counter. The combination of the three SACCH enhancement techniques yields almost zero expiration probability of RLT counter for all parameters considered.

From Figs. 11.3-25 – 11.3-27, it can be observed that for the case of TCH/AHS4.75, SACCH causes the RLT counter expired for most call durations evaluated, especially when the FER of the speech channel is relatively high or when the initial RLT counter value is relatively low. However, DRSACCH or SSACCH+DRSACCH can significantly improve the RLT performance without introducing any delay of SACCH information.
11.3.3.2.3
CDF of minimal RLT counter value
In addition to the characteristics of RLT counter expiration shown above, the statistics of minimal RLT counter values for the MUROS SACCH enhancement techniques are also simulated given the FERs of TCH/AFS4.75 in Table 11.3-11 and the FERs of TCH/AHS4.75 in Table 11.3-12, call duration, and the initial RLT counter values. Each simulation point was obtained by running 10000 calls. Note that lower minimal RLT values indicate that radio link timeout may be declared more often. 
11.3.3.2.3.1
Simulation results

The CDF curves of minimal RLT counter value are presented in Figs. 11.3-28 – 11.3-29 for TCH/AFS4.75 and in Figs. 11.3-30 – 11.3-31 for TCH/AHS4.75. 
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(a) 5% FER of TCH/AFS4.75 
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(b) 10% FER of TCH/AFS4.75
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(c) 20% FER of TCH/AFS4.75
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Fig. 11.3-28: CDF of minimal RLT counter values (TCH/AFS4.75, call duration: 200 SACCH periods).
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(a) 5% FER of TCH/AFS4.75 
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(b) 10% FER of TCH/AFS4.75
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(c) 20% FER of TCH/AFS4.75
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Fig. 11.3-29: CDF of minimal RLT counter values (TCH/AHS4.75, call duration: 400 SACCH periods).
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(a) 5% FER of TCH/AHS4.75 
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(b) 10% FER of TCH/AHS4.75
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(c) 20% FER of TCH/AHS4.75
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(d) 25% FER of TCH/AHS4.75


Fig. 11.3-30: CDF of minimal RLT counter values (TCH/AFS4.75, call duration: 200 SACCH periods).
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(a) 5% FER of TCH/AFS4.75 
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(b) 10% FER of TCH/AFS4.75
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(c) 20% FER of TCH/AFS4.75
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(d) 25% FER of TCH/AFS4.75


Fig. 11.3-31: CDF of minimal RLT counter values (TCH/AHS4.75, call duration: 400 SACCH periods).
11.3.3.2.3.2
Discussion

Figs. 11.3-28 – 11.3-29 illustrate the significant improvement of minimum RLT counter statistics by combining RSACCH with DRSACCH or with SSACCH and DRSACCH compared to RSACCH. Also as shown in Figs. 11.3-30 – 11.3-31, DRSACCH or the combination of SSACCH+DRSACCH improve the RLT statistics of SACCH. The larger the FER of the AMR codec considered, the larger the benefits for the minimum RLT counter value using the new SACCH enhancement techniques.
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