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Performance Evaluation of SACCH for VAMOS
1. Introduction

Techniques to enhance the performance of control channel for VAMOS [1] have been extensively discussed [2]-[8]. In GERAN#43, it was agreed that the Repeated SACCH (RSACCH) technique shall be applied to VAMOS aware mobile stations. Other proposals for SACCH performance enhancement for VAMOS such as Shifted SACCH [4]-[7] and DTX-based Repeated SACCH (DTX-RSACCH) [8] are investigated.
In this contribution, downlink SACCH performance with RSACCH, Shifted SACCH, and DTX RSACCH for VAMOS are evaluated through simulation. Both VAMOS SACCH error rate performance and VAMOS SACCH layer 1 information throughput are studied. 
2. SACCH performance enhancements in VAMOS 
2.1 SACCH and RSACCH for VAMOS

In the channel organizations of SACCH and RSACCH for VAMOS, the TCH frames and SACCH frames in one VAMOS subchannel are multiplexed with the corresponding TCH frames and SACCH frames in the other VAMOS subchannel respectively.  
The performance of the TCH transmitting speech signals in VAMOS for one user improves if the TCH of the other user in the same VAMOS pair is in DTX mode. However, the related SACCH cannot obtain such a benefit because SACCH is always transmitted.

As shown in [2], [3] and also in Sec. 4 of this contribution, Repeated SACCH for VAMOS yields significant gain compared to SACCH for VAMOS by transmitting the repetition of a SACCH block but with a delay.
2.2 Shifted SACCH
Shifted SACCH is proposed to improve the SACCH performance during DTX mode, in which one VAMOS subchannel uses the legacy channel organization and the other VAMOS subchannel has a shifted channel organization so that a SACCH frame in one VAMOS subchannel is multiplexed with a non-SACCH frame in the other VAMOS subchannel [9].
2.3 DTX-RSACCH 

DTX-based Repeated SACCH [8] transmits SACCH repetition of a VAMOS aware user through silent TCH timeslots when DTX is turned on. Similar to Repeated SACCH, at the receiver the original SACCH and the SACCH repetition can be soft-combined for decoding of a SACCH block. Unlike Repeated SACCH, DTX-RSACCH transmits the repetition of a SACCH block within only one SACCH period (480 ms). 

DTX-RSACCH can be combined with Shifted SACCH and/or Repeated SACCH to achieve further benefits.
3. Simulations
In this contribution, simulations are conducted for performance evaluation of SACCH, Repeated SACCH, Shifted SACCH and DTX-based repeated SACCH. For comparison, link performance of TCH/AFS4.75 and TCH/AHS4.75 for VAMOS in both DTX and non-DTX modes is also evaluated. The DTX model used in the simulation is as defined in Sec. 5.1 of Feasibility of MUROS [10]. In addition, the performance of legacy SACCH, Repeated SACCH, TCH/AFS4.75 and TCH/AHS4.75 is presented.

3.1 Simulation assumptions

Table 1 Simulation assumptions for VAMOS
	Parameter
	Value

	Speech codecs
	TCH/AFS4.75, 

TCH/AHS4.75

	Control channels
	SACCH, Repeated SACCH, 

Shifted SACCH, DTX-based Repeated SACCH

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal, Yes

	Interference
	MTS-2, GMSK / QPSK modulated

	TSC pair for VAMOS 
	TSC-5 pair

	Activity factor for DTX
	0.6

	Receiver
	SAIC

	SCPIRs
	0 dB / -3 dB

	Subchannel
	VAMOS subchannel 1


3.2 Simulation results
3.2.1 Non-VAMOS (interference: DTS-2)
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Fig. 3 Performance of legacy TCH/AFS4.75, TCH/AHS4.75, SACCH and RSACCH 
(DTS-2, GMSK modulated intf.).
3.2.2 VAMOS (interference: GMSK modulated; SCPIR = 0 dB)
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Fig. 4 Performance of VAMOS speech channels (with/without DTX) and control channel 
(GMSK modulated intf, SCPIR=0dB).
3.2.3 VAMOS (interference: QPSK modulated; SCPIR = -3 dB)
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Fig. 5 Performance of VAMOS speech channels (with/without DTX) and control channel

(QPSK modulated intf, SCPIR=-3dB).
3.2.4 SACCH Layer 1 information update rate 
As defined in [11], layer 1 information such as power control (PC) and timing advance (TA) commands is transmitted through SACCH (one PC/TA command per SACCH block). The information could be updated for SACCH block by block.
As shown in Fig. 6, for SACCH, Shifted SACCH and DTX-RSACCH for VAMOS, one PC/TA command is transmitted only within one SACCH period. 
However, for Repeated SACCH, depending on the radio conditions, the same PC/TA information could be ordered/requested to be retransmitted through additional SACCH block(s). Transmission of one PC/TA command may take multiple SACCH periods. Fig. 6 shows the average time for transmission of one PC/TA command in RSACCH for VAMOS against the C/I values.
Fig. 7 illustrates the update rate of SACCH layer 1 information (PC/TA command) with SACCH, RSACCH, Shifted SACCH and DTX-RSACCH for VAMOS.
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Fig. 6 Time for transmission of SACCH layer 1 commands (GMSK modulated intf, SCPIR=0dB).
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Fig. 7 SACCH layer 1 information update rate for VAMOS (GMSK modulated intf, SCPIR=0dB). 
4. Comparisons and Discussion
In this document, the performance of speech channel at 1% FER and the performance of SACCH at 5% BLER are evaluated.

4.1 Relative performance between TCH and SACCH for Non-VAMOS and VAMOS
Table 2 lists the relative C/I values between speech channels and SACCH/RSACCH, which are collected from Figs. 3 and 4 above. Speech channel performance is used as the reference. 
This table demonstrates that the performance balance of non-VAMOS mode between SACCH and TCH and between RSACCH and TCH cannot be fully maintained for VAMOS mode, respectively, especially when DTX is on.
Table 2 Relative C/I performance between TCH and SACCH (dB)
	
	Non-VAMOS
	VAMOS

	
	
	TCH without DTX
	TCH with DTX

	              Control  

             channel

Codec
	SACCH
	RSACCH
	SACCH
	RSACCH
	SACCH
	RSACCH

	TCH/AFS4.75
	5.0
	0.2
	5.2
	0.0
	5.6
	0.4

	TCH/AHS4.75
	-0.2
	-5.0
	-0.3
	-5.5
	0.2
	-5.1


4.2 Impact of DTX operation on VAMOS speech channels  
Table 3 presents the VAMOS speech channel performance gains (in dB) due to DTX operation. The TCH performance without DTX operations is used as the reference. The data in Table 3 are obtained from Figs. 4 and 5. The results in this table show that the performance gains from DTX operation for studied VAMOS speech channels are less than 0.5 dB.

Table 3 Impact of DTX operation on VAMOS TCHs
	
	GMSK modulated intf.

SCPIR=0 dB
	QPSK modulated intf.

SCPIR=-3 dB

	TCH/AFS4.75
	0.4
	0.3

	TCH/AHS4.75
	0.5
	0.3


4.3 Performance comparisons of SACCH enhancements for VAMOS  

Table 4 compares the C/I performance gain of RSACCH, Shifted SACCH and DTX-RSACCH (the VAMOS SACCH C/I value at 5% BLER is used as the reference).
The studies show that Shifted SACCH alone can yield less than 1 dB performance gains in the cases considered in this document; further performance improvement can be obtained by employing DTX-RSACCH; RSACCH results in the largest performance benefits among those three techniques. However, the delay impact due to transmission of SACCH repetition in RSACCH should be further considered. This issue is investigated in Fig. 7.
Table 4 C/I performance gains with SACCH enhancements for VAMOS

	
	GMSK modulated intf.

SCPIR=0 dB
	QPSK modulated intf.

SCPIR=-3 dB

	RSACCH
	5.2
	5.0

	Shifted SACCH
	0.8
	0.5

	DTX RSACCH
	1.7
	1.3


4.4 SACCH Layer 1 information update rate  

Fig. 7 illustrates that the SACCH Layer 1 information update rate with RSACCH can be further improved with DTX-RSACCH, and DTX-RSACCH consistently yields the largest throughput of SACCH Layer 1 information transmission for a wide range of C/I values.
5. Summary
· The performance balance between speech channel and control channel for the non-VAMOS mode cannot be fully maintained for the VAMOS mode when Repeated SACCH is employed only. Further SACCH enhancements are needed;
· The performance of SACCH Layer 1 information update rate with Repeated SACCH can be further improved with DTX-based Repeated SACCH (including Shifted SACCH);

· DTX-based Repeated SACCH can be used as a complement of Repeated SACCH. Performance of combined Repeated SACCH and DTX-based Repeated SACCH will be evaluated.
· The impact on speech channel performance with DTX-based Repeated SACCH is FFS.
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