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Shifted SACCH Further Analysis
1 Introduction

In the discussions of Shifted SACCH in GERAN #43, some concerns were raised about the impacts of Shifted SACCH on TCH performance. In this contribution, TCH performance has been studied for Shifted SACCH. Some concerns on Repeated SACCH are also summarized.
2 Analysis
2.1 Impacts of Shifted SACCH on TCH performance
 From previous investigations[1]

 REF _Ref242955090 \n \h 
[2]

 REF _Ref242955092 \n \h 
[3], It has been found that SACCH can not meet the criteria of the minimum call quality performance defined in MUROS TR, as compared to the GMSK reference case. Shifted SACCH can not only take advantage of TCH DTX gains but also provide more flexibility by means of SACCH frame specific SCPIR.

Some concerns about the impacts on TCH performance were put forward. Here are some analyses on these issues.
2.1.1 DTX aspect
 Figure 1 gives the TDMA frame mapping of 2 HR VAMOS pairs for Shifted SACCH. It can be seen that only one TCH frame in 26-multiframe of each user (frame 13 of u1, frame 24 of u2, frame 12 of u3 and frame 25 of u4) could not benefit from DTX of the paired user.
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Figure 1 TDMA frame mapping of 2 HR VAMOS pairs with Shifted SACCH
Some TCH performance evaluation has been done for this situation compared to normal SACCH mapping case. The simulation assumptions and simulation results are shown in Annex A. SCPIR 0dB and -4dB were evaluated. Both GMSK modulated interference and OSC modulated interference were considered. It is shown that the impact on TCH performance of Shifted SACCH is no more than 0.02dB, which is negligible, especially when compared to the 6~8 dB degradation introduced by VAMOS itself.
2.1.2 SACCH frame specific SCPIR
SACCH frame specific SCPIR means using a specific SCPIR for SACCH frames which differs from that used for TCH frames in order to guarantee signaling performance. It should be noted that this is a flexible way provided by Shifted SACCH to further balance the performance between TCH and SACCH, and is totally optional in Shifted SACCH. Whether to use a specific SCPIR for SACCH frames is up to the network. So the “degradation” shown below is not the degradation introduced by the Shifted SACCH concept.
The TCH performance evaluation had been done in [1] [2]. Figure 2 to Figure 4 show that the degradation is very small, being less than 0.5dB for the 6dB SCPIR case (The gain of SACCH performance is however greater than 5 dB).
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Figure 2 TCH performance for specific SCPIR, MTS1 & MTS2[1]
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Figure 3: Relative Power Control on AFS5.9, MTS-1 & MTS-2[2]
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Figure 4: Relative Power Control on AHS5.9, MTS-1 & MTS-2[2]
2.2 Concerns on Repeated SACCH

2.2.1 Legacy mobiles before Release 6

It has been highlighted in GERAN #43 that when a VAMOS aware mobile is paired with a legacy mobile (before Release 6), the latter is not able to utilize Repeated SACCH to maintain the relative performance between TCH and SACCH. In this case the legacy mobile cannot meet the 3rd criterion of minimum call quality performance as defined in the MUROS TR. So far the best way to ensure the user experience of the legacy mobile is to introduce Shifted SACCH.
2.2.2 Extra delay of handover
It has also been discussed that Repeated SACCH will introduce an extra delay of handover. In [5] some preliminary study was performed and the extra delay at system level was found to be about 500ms over a normal C/I range. But it should be noted that turning on/off Repeated SACCH will cost another delay of 2x480ms (including the time for signaling), and this was not considered in [5]. A more realistic delay value might be well above 500ms. 
Based on the above analysis, enabling Repeated SACCH will inevitably decrease the ratio of successful handovers, especially in the case of MUROS/VAMOS aware networks. System level studies are being carried out on this issue, and the results will be presented in later meetings.
2.2.3 Extra delay of power control
Repeated SACCH/DL will delay the transmission of UL PC commands; hence degrade the overall performance of the UL PC algorithm. It may be argued that due to the filters employed for measurement reports in the BSS, a large portion of DL SACCH blocks carry the same UL PC command. This is correct, especially when the radio conditions are smooth over time. But to get a full picture of the impacts other cases (e.g. when the radio conditions fluctuate over a big range in a short time) should also be taken into account. Note that those are the cases that directly contribute to the degradation of system performance, and can only be captured by a system simulator.
Repeated SACCH/UL will directly halve the number of DL measurement reports, and this will impact the accuracy of the filtered outputs to a considerable extent.
System level studies on the impacts of Repeated SACCH on power control are also ongoing, and the results will be presented in later meetings.

3 Conclusions
In this contribution, the impacts of Shifted SACCH on TCH performance are further analyzed, and are found to be negligible. Some concerns on Repeated SACCH are also raised. Based on these analyses, it is clear that Shifted SACCH can be utilized to maintain the relative performance between TCH and SACCH in VAMOS mode with no real negative impacts, whilst Repeated SACCH, although can be used to boost the link level performance of the signaling channel, has some inherent drawbacks at system level. It can be concluded that the best way to “maintain robustness of signalling channels compared to legacy GMSK terminals” as required by the VAMOS WID is to introduce Shifted SACCH.
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Annex A TCH Performance Evaluation for VAMOS
A.1 Simulation assumptions
Table 1 Simulation assumptions
	Parameter
	Value

	Propagation Environment
	Typical Urban (TU) 

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	ideal

	Interference/noise
	MTS-2

	Antenna diversity
	No

	Receiver
	VAMOS level I(DARP phase I)

	Tx pulse shape
	legacy linearized GMSK pulse shape

	Trainning sequence
	Existing sequence and new sequence 0

	Channel type
	TCH AHS4.75 

	Interference modulation type 
	GMSK, OSC

	SCPIR
	0, -4dB

	DTX
	On/Off


A.2 Simulation results
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Figure 5 VAMOS TCH performance, SCPIR=0dB, GMSK Interference
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Figure 6 VAMOS TCH performance, SCPIR=-4dB, GMSK Interference
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Figure 7 VAMOS TCH performance, SCPIR=0dB, OSC Interference
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Figure 8 VAMOS TCH performance, SCPIR=-4dB, OSC Interference
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