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Further evaluation of SACCH performance for VAMOS
1. Introduction

Control channel performance has been studied for VAMOS in detail in various contributions [1], [4] and [5]. A number of contributions have shown ways to further enhance SACCH for VAMOS [5], [8] and [9]. At GERAN#43 it has been agreed that support of Repeated SACCH is mandatory for VAMOS aware mobiles [7]. In light of this, it was not entirely clear whether an additional mandatory enhancement for SACCH in VAMOS mode is necessary. In this contribution further analysis of SACCH in VAMOS mode is done and it is studied whether enhancements like shifted SACCH etc are necessary/sufficient in various scenarios to solve any potential issues. Also the open issues regarding VAMOS SACCH performance are studied and a way forward on VAMOS SACCH enhancements is proposed. 

This contribution is an updated version of AHG1-090071. All updates are highlighted in blue. 
2. Simulation settings
In this contribution, further evaluation of speech and SACCH has been performed for various SCPIRs (SubChannel Power Imbalance Ratios) and with and without DTX. The common simulation assumptions are given in Table 1 below. 
Table 1: Simulation assumptions

	Parameter
	Value

	Speech codecs
	TCH/AFS4.75, 

TCH/AHS4.75

	Control channels
	SACCH, Repeated SACCH

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal, Yes

	Interference
	MTS-2, QPSK modulated

	TSC pair for VAMOS 
	TSC-0 pair

	Antenna diversity
	No

	Activity factor for DTX
	0.6

	Receiver
	SAIC

	SCPIRs
	0 dB,  ±4. 77 dB,  ±7.66 dB


Most of the SACCH enhancement techniques benefit from the fact that the orthogonal user is muted from time to time (DTX). This is simulated by applying a DTX pattern on SACCH with an activity factor of 0.6 for the orthogonal user as specified in MUROS TR. 
For speech the reference performance is measured at 1% FER and for SACCH the reference is taken at 5% BLER. 

3. Simulation Results summary
All the simulation results are shown in the Annex A. From the results, the following can be observed.

Table 2: relative speech and control channel performance – non VAMOS case

	Codec mode
	Imbalance between speech and SACCH (dB)

	TCH/AFS 4.75
	5.1

	TCH/AHS 4.75
	0.1


Table 3: relative speech and control channel performance – VAMOS full rate case

	SCPIR
	AFS 4.75

	
	Imbalance with SACCH
	Imbalance with RSACCH

	
	No DTX
	Speech DTX SACCH no DTX
	Speech and SACCH DTX
	No DTX
	Speech DTX RSACCH no DTX

	0
	6.1
	6.6
	6.1
	0.4
	0.9

	-4.75
	7.8
	8.4
	7.2
	0.3
	0.9

	-7.66
	10.4
	11.9
	11.3
	0.6
	2.1


Table 4: relative speech and control channel performance – VAMOS half rate case

	SCPIR
	AHS 4.75

	
	Imbalance with SACCH
	imbalance with RSACCH

	
	No DTX
	Speech DTX SACCH no DTX
	Speech and SACCH DTX
	No DTX
	Speech DTX RSACCH no DTX

	0
	1
	1.5
	1
	-4.7
	-4.2

	-4.75
	2.1
	2.5
	1.3
	-5.4
	-5

	-7.66
	3
	4
	3.4
	-6.8
	-5.8


4. Discussion

4.1 VAMOS full rate case

From Table 2 and Table 3, the following conclusions can be drawn for full rate AMR 4.75 channel case:

· The relative performance of speech compared to SACCH is worse in case of VAMOS mode compared to non-VAMOS mode. 
· The relative performance for speech and control channel cannot be maintained in DTX mode even with shifted SACCH.
· With Repeated SACCH, the relative performance of the control channel can be maintained.
· The link level gains with repeated SACCH are significantly higher than what are needed to maintain the relative performance between speech and SACCH. Hence repeated SACCH need not be on all the time during the call. 

· Since repeated SACCH gives more gains than is necessary to maintain the relative performance of speech and control channels (as per the VAMOS WID), additional enhancements are not necessary for VAMOS. 

It can also be observed that for full rate channels, at speech BLER of 1% the SACCH BLER is quite high (around 50%). At such high BLER of SACCH, there is a significant probability that the RLT will time out and call is dropped due to SACCH failure. This is the most critical problem with achieving full capacity in AMR networks as dropped calls due to signalling failure are particularly annoying to the user. However, even with shifted SACCH, the SACCH BLER remains quite high (above 45%) this is clearly not sufficient to prevent call drops due to RLT timeout. Hence, for lowest modes of AMR full rate operation, repeated SACCH is necessary both in VAMOS mode and non-VAMOS modes to achieve full capacity in the networks. 
4.2 VAMOS half rate case

· The relative performance of speech compared to SACCH is worse in case of VAMOS mode compared to non-VAMOS mode.
· The relative performance for speech and control channel cannot be maintained in DTX mode even with shifted SACCH.

· With Repeated SACCH, the relative performance of the control channel can be maintained.

· With Repeated SACCH, the SACCH performance become significantly better than speech performance and such gains are clearly unnecessary for the entire call. Hence, repeated SACCH need not be on all the time during the call. 

· Again additional gains other than repeated SACCH are clearly redundant. 
In case of half rate codecs, the imbalance between speech and SACCH is not that severe as in full rate mode. For instance, for 0 dB SCPIR, the SACCH BLER is only 8% when speech reaches 1% FER. At such low BLERs of SACCH, there is almost zero probability of RLT timeout [2]. Hence call drops due to signalling failure are almost non-existent in halfrate mode. If at all a call drop occurs, this would most likely occur due to poor speech quality in this case. Hence, enhancing SACCH at the expense of speech performance doesn’t make sense for these channels which are most relevant for VAMOS operation. It is also clear that repeated SACCH will only need to be used very seldom during the call in halfrate case because of the very less imbalance between speech and control channel performance. 

4.3 Layer 1 information update rate with Repeated SACCH

One concern that was expressed was that the repeated SACCH would halve the update rate of the layer 1 control information compared to the normal SACCH operation. However this is not true because the contents of the layer 1 header in SACCH are inherently repetitive in nature as has already been pointed out various previous contributions ([1], [3]). Even if the contents of layer 1 header in every SACCH frame are considered to be different – there by really halving the update rate of these with repeated SACCH; the statement that repeated SACCH would halve the update rate of these messages is still not true. This can be seen from Figure 1, Figure 2 and Figure 3 where the throughput of the power control (PC) or the timing advance (TA) commands is plotted against the C/I. 
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Figure 1: Layer 1 info update rate - SCPIR = 0 dB
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Figure 2: Layer 1 info update rate - SCPIR =-4.77 dB
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Figure 3: Layer 1 info update rate - SCPIR = -7.66dB


In the above simulations, it is assumed that with repeated SACCH only 1 PC/TA command is received per 960ms whilst for SACCH 1 such command is received every 480 ms. This is the most pessimistic scenario possible for repeated SACCH as in reality the PC/TA command would not alter every 480ms anyway. It can be seen that even in this case, if repeated SACCH is used where necessary, then the update rate of the SACCH layer 1 information is in fact improved. This is true in particular for those C/Is where the speech reaches 1% FER which is more critical for the full rate codec modes as already described above in section 4.1. Of course at very high C/Is SACCH repetition is clearly not necessary and will not be used by a reasonable network implementation. It can also be seen in addition that with shifted SACCH in operation, the layer 1 information update rate is further improved. This is because of the link level gains for the shifted SACCH and because of the pessimistic way in which the Repeated SACCH throughput is counted (throughput counted to be always halved irrespective of whether or not the layer 1 info changed). However, if the layer 1 control information doesn’t change (i.e. inherent repetition), then the throughput is not halved. The throughput in this case would then depend on both the BLER on normal SACCH (for the first instance) and the BLER of the repeated SACCH (second instance). This throughput is also shown in the figures above. It is expected that the real throughput with repeated SACCH would be close to this curve considering the inherent repetition in the layer 1 SACCH information. In any case, any SACCH enhancement should mainly target prevention of call drops due to RLT timeouts and this aspect is treated in section 4.5. 
4.4 Support of legacy mobiles (not supporting repeated SACCH) in VAMOS mode

It should be noted that although repeated SACCH is a Rel-6 feature, it has been specified such that pre-release 6 mobiles can also implement repeated SACCH (a capability indicator has been added to facilitate this). Thus it is expected that most of the mobiles would support this mandatory feature by the time VAMOS is deployed in the field. However, even for those remote cases where the legacy mobiles doesn’t support repeated SACCH, they can still be supported on the VAMOS mode still satisfying the requirement in the WID that the relative performance between speech and SACCH shall be kept. This can be done by using power control on the SACCH and using repeated SACCH on the other subchannel. 

For this to work, clearly one of the 2 mobiles on the VAMOS channel should be repeated SACCH capable. If this is the case, then repeated SACCH could be used for this mobile and SACCH channel for this mobile could be put on the weaker subchannel at the same time giving more power to the other user not capable of repeated SACCH. The relevant results from Annex A are summarized here in Table 5 for full rate case and 
	TCH AFS 4.75

	Imbalance between speech and SACCH(dB)

	RSACCH         -4.77 dB
	SACCH            +4.77 dB

	4.5
	5


Table 6
 for half rate case. 
Table 5: Using RSACCH gains for non RSACCH capable mobiles – Full rate case

	TCH AFS 4.75

	Imbalance between speech and SACCH(dB)

	RSACCH         -4.77 dB
	SACCH            +4.77 dB

	4.5
	5


Table 6: Using RSACCH gains for non RSACCH capable mobiles – Half rate case

	TCH AHS 4.75 

	Imbalance between speech and SACCH(dB)

	RSACCH         -4.77 dB
	SACCH            +4.77 dB

	-0.5
	0


It can be seen that the residual gains from repeated SACCH could be channeled to the other subchannel user who doesn’t support repeated SACCH by using power control there by keeping the relative performance for both users. As shown by green figures in the above tables (which are less than the corresponding imbalances in legacy case - Table 2), using an SCPIR around 4.7 dB, on SACCH, and by using repeated SACCH on the weaker subchannel, both users SACCH performance could be maintained in both full rate and half rate scenarios. Note that this is only one example scenario that is shown here; other codec modes and channel conditions might result in a different optimal SCPIR for this balance to be achieved. This is feasible with repeated SACCH because there are large link level gains and this is not the case with shifted SACCH (gains are only around 1dB).
4.5 RLT Analysis in VAMOS mode

So far in this contribution the imbalance between speech and SACCH in VAMOS mode has been shown to be maintained to legacy speech levels as required by the WID by using repeated SACCH. However, it would be logical to investigate whether with the repeated SACCH in operation; there is still problem with RLT timeouts in real life. It should be remembered that this is the very reason why SACCH enhancements were deemed to be necessary for lower modes of AMR and hence it is completely logical argument to double check that repeated SACCH will keep RLT timeouts to a minimum in VAMOS mode also. 
For the purposes of this analysis an initial value of 32 has been chosen for RLT. Note that the RLT counter could set to a maximum initial value of 64. A lower initial value of RLT is chosen to highlight any cases where repeated SACCH could fail if at all. 
4.5.1 RLT Analysis for full rate speech case

The RLT is incremented by 2 for every successfully received SACCH frame and is decremented by 1 for every failed SACCH frame. For normal SACCH and shifted SACCH operation, the probability of failure of SACCH frames will be constant throughout the call and it is equal to the BLER of the SACCH. However for repeated SACCH, the probability of failure for first SACCH frame would be equal to that of the normal SACCH but the repetition would then have a probability of failure as per the BLER of the repeated SACCH which is modeled in the link simulation for RSACCH in the Annex A. Using these values, the RLT behavior is modeled first for the TCH/AFS 4.75 channel using the 1% FER point as reference. The results are shown below. 
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Figure 4: RLT timeout probability at 1% FER point for speech (SCPIR = 0 dB)
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Figure 5: RLT timeout probability at 2% FER point for speech (SCPIR = 0 dB)
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Figure 6: RLT timeout probability at 4% FER point for speech (SCPIR = 0 dB)
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Figure 7: RLT timeout probability at 6% FER point for speech (SCPIR = 0 dB)
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Figure 8: RLT timeout probability at 8% FER point for speech (SCPIR = 0 dB)
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Figure 9: RLT timeout probability at 1% FER point for speech (SCPIR = -4.77 dB)
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Figure 10: RLT timeout probability at 2% FER point for speech (SCPIR = -4.77 dB)
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Figure 11: RLT timeout probability at 4% FER point for speech (SCPIR = -4.77 dB)
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Figure 12: RLT timeout probability at 6% FER point for speech (SCPIR = -4.77 dB)
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Figure 13: RLT timeout probability at 8% FER point for speech (SCPIR = -4.77 dB)
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Figure 14: RLT timeout probability at 1% FER point for speech (SCPIR = -7.66 dB)
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Figure 15: RLT timeout probability at 2% FER point for speech (SCPIR = -7.66 dB)
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Figure 16: RLT timeout probability at 4% FER point for speech (SCPIR = -7.66 dB)
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Figure 17: RLT timeout probability at 6% FER point for speech (SCPIR = -7.66 dB)
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Figure 18: RLT timeout probability at 8% FER point for speech (SCPIR = -7.66 dB)


Clearly with SACCH for the lowest full rate AMR codec, it is a problem as the RLT timeouts are highly probable. However, as shown in the figures, with repeated SACCH in operation the RLT timeouts are kept to zero probability in all circumstances. Where as with shifted SACCH there is still a very high probability of RLT timeouts. This clearly demonstrates that shifted SACCH fails to achieve the purpose of maintaining the signaling robustness to a sufficient degree such that RLT timeouts are avoided. On the other hand, this also shows that the shifted SACCH is anyway redundant once repeated SACCH is in operation. 
4.5.2 RLT Analysis for halfrate speech case
The above analysis is also repeated for HR. Since for HR the imbalance between speech and SACCH is less, it can be seen that there is almost zero probability of SACCH failures even with normal SACCH. This means that for HR, even repeated SACCH is not needed to maintain the speech call. Shifted SACCH for half rate speech channels would be completely undesirable especially as it has an impact on the speech performance (see section 5.2 and 5.4). 
[image: image19.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

 

 

SCPIR = -7.66, SACCH @ speech = 4% FER

SCPIR = -7.66, SACCH @ speech = 2% FER

SCPIR = -7.66, SACCH @ speech = 1% FER

SCPIR = -4.77, SACCH @ speech = 4% FER

SCPIR = -4.77, SACCH @ speech = 2% FER

SCPIR = -4.77, SACCH @ speech = 1% FER

SCPIR = 0, SACCH @ speech = 4% FER

SCPIR = 0, SACCH @ speech = 2% FER

SCPIR = 0, SACCH @ speech = 1% FER


Figure 19: RLT analysis for TCH/AHS 4.75
5. Drawbacks of shifted SACCH

5.1 Unnecessary complexity in VAMOS mobile implementation

It is can be seen from the above discussion that although shifted SACCH does give some gains, they are not sufficient to maintain the relative performance between speech and control channels as required by the WID. Repeated SACCH on the other hand, does satisfy this requirement and is also sufficient. The major advantage with repeated SACCH is that this feature is already implemented (and is mandatory) since Rel-6. Hence, no changes to the mobile implementation are foreseen like the ones required with shifted SACCH. Hence mandating another feature like shifted SACCH would add to unnecessary complexity for specification and implementation of VAMOS. 
5.2 Performance impact on the speech

It should also be kept in mind that the speech performance is of most importance for VAMOS. Hence any proposal which could have a negative impact on the speech performance would have a direct impact on the capacity gains that could be obtained in the networks using VAMOS. It has been showed in earlier contributions that if shifted SACCH is used with additional power control on these SACCH bursts then this results in a loss of speech capacity and this would be against the goals of the WID – which is to improve speech capacity. 
Even if power control is not used, some of the DTX gains for speech would be lost because of the shift of the SACCH frame as the speech bursts would now periodically be interfered by the SACCH bursts of the other user which are never muted. Thus a reduction in DTX gains for speech could be expected. This is depicted in Figure 20 for the half rate AMR case.
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Figure 20: Reduction in DTX gains for speech due to shifted SACCH
5.3 Impact on quality reporting

For speech quality measurements, RXQUAL_SUB is important as this is the only measurement available during DTX.  RXQUAL_SUB is measured on the SACCH and SID frames during DTX. However, if shifted SACCH is used, in case of non AMR channels, the reliability of the RXQUAL_SUB would be worsened because of the unpredictable switch of the modulation on SACCH bursts between GMSK and AQPSK (based on the DTX status of the orthogonal user). For AMR channels this would occur anyway on the SID frames during DTX however the problem is accentuated by the fact that even the SACCH is now subjected to this changing modulation in VAMOS mode. Especially for networks not using AMR, this would be an issue which could otherwise be completely avoided if shifted SACCH is not deployed. 
5.4 Impact on speech for all other AMR codec modes

It should be noted that shifted SACCH would be a static feature. In other words, if agreed shifted SACCH will have to be applied to all codec modes and in all radio conditions without any control at the network. For the higher full rate AMR codec modes and for all half rate AMR modes, it is unlikely that anything is needed to be done to enhance SACCH. Unlike repeated SACCH, shifted SACCH can’t be tailored to the AMR mode or the radio conditions. This has the negative impact that for all these speech channels except a few AFS full rate channels, speech is negatively impacted without any positive impact on the overall system to compensate for that. This is clearly undesirable. 
6. Conclusion
In this contribution, the SACCH performance in VAMOS mode is compared with speech performance. The following conclusions have been drawn based on the simulation results:

· Repeated SACCH is necessary for proper operation of VAMOS in networks

· Repeated SACCH gains are more than sufficient for maintaining the speech and control channel relative performance as per the VAMOS WID

· Although shifted SACCH gives gains, these gains alone are insufficient to maintain the relative performance between speech and control channels in VAMOS mode

· Residual gains from repeated SACCH could be channeled towards mobiles not supporting repeated SACCH by using power control 

· Repeated SACCH in fact improves the update rate of the SACCH layer 1 content for the range of C/Is that are of interest (1% FER of speech)

· Shifted SACCH has other drawbacks like impact to speech performance and quality reporting in particular of non AMR channels

· Repeated SACCH maintains the control channel robustness and prevents RLT time outs during a speech call whilst shifted SACCH fails to achieve this purpose
Hence it is concluded that there is no justification to have another mandatory enhancement like shifted SACCH in VAMOS mode as repeated SACCH would suffice for all scenarios and is already a mandatory feature for mobile implementation in VAMOS mode.
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Annex A: Simulation results
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Figure 21: Full rate speech and control channel performance
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Figure 22: Half rate speech and control channel performance
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Figure 23: Legacy speech and control channel performance
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