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Control Channel Performance for VAMOS
1 Introduction

In the MUROS work it was agreed that "the relative performance of associated signalling channels compared against the traffic channel as derived in link performance evaluation for a reference scenario shall be maintained for MUROS channel types" (see [1] Sec 5.6)

For VAMOS both traffic channels and their associated control channels will have identical channel coding as for the single user, legacy case (non-VAMOS), see [2]. There are however different proposals on how to do the channel organization which bring gains to SACCH performance mainly due to DTX gains from the paired sub channel, see [3], [4] and [5].
There have been link level evaluations of the possible gains of the above solutions in e.g. [4] and [6]. The evaluations has however mainly been limited to SACCH performance using SCPIR of 0 dB and to a VAMOS receiver with SAIC architecture (VAMOS I).
In this contribution both SACCH and FACCH performance is evaluated for all MS types envisaged to operate on VAMOS allocations. The operative range has been limited to different sets of SCPIR dependent on MS receiver.
The document is identical to the one presented at VAMOS Telco#5.

2 Shift of channel organization
All modified channel organizations proposed utilize in most cases the benefit of having a SACCH multiplexed with a TCH burst instead of the SACCH of the paired sub channel. This enables the SACCH to be transmitted with GMSK in cases where the paired sub channel is in DTX. The link level evaluations in this contribution can, in terms of performance, be applied to all such proposals.
A special case of shift in channel organization is if a 13 frame shift is used in the FR case, as pointed out in [5], when the SACCH burst of one user would be multiplexed with an idle frame of the paired sub channel, i.e. the paired user would in this case “always be in DTX”.
3 Simulation Results

3.1 Evaluation 

The performance has been measured for the Speech Channel @ 1% FER and for the Signaling Channel @ 5% BLER. The FER rate of 1 % has been used in the MUROS evaluation for all link simulations while a 5% BLER for the control channel has been chosen (current requirement level in 3GPP TS45.005 for repeated SACCH). The relative performance has then been calculated for the different SCPIR see example in Figure 1, below.
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Figure 1. Relative performance example with SCPIR = -4 dB

DTX has been used for VAMOS allocations. The DTX behaviour has been modeled with a 2-state Markov process using an activity factor of 0.6. The use of DTX is dependent on the channel simulated as shown in Table 1.

Table 1. Use of DTX

	Channel
	DTX

	TCH, non-VAMOS
	No

	SACCH, non VAMOS
	No

	FACCH, non VAMOS
	No

	TCH, VAMOS
	Yes

	SACCH, VAMOS
	Yes / No (stated in figures)

	FACCH, VAMOS
	Yes


It should be noted that possible enhancements or degradations of TCH and FACCH performance due to shifts of the channel organization has not been modeled (the main impact is on SACCH).
Further it should be noted that DTX is only applied to the paired VAMOS sub channel, i.e. the external interference is identical for VAMOS and non-VAMOS allocations.
3.2 Simulation assumptions

The simulation assumptions are shown in Table 2 below.

Table 2. Simulation assumptions

	Parameter
	Value

	Speech codecs
	TCH/AFS4.75, 

TCH/AHS4.75

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal, Yes

	Interference
	MTS-2

	Antenna diversity
	No

	Frequency offset external interferers
	Normal distribution [Hz]

N(50,17)

	Activity factor for DTX
	0.6

	Receiver types
	Legacy GMSK (non-SAIC)

	
	SAIC (VAMOS I)

	
	SAM (VAMOS II)

	Impairments:

– Phase noise

– I/Q gain imbalance

–I/Q phase imbalance

– DC offset

– Frequency error

– PA model
	Tx / Rx

0.8 / 1.0   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 1.5   [degrees]

-45 / -40  [dBc]

  -   / 25   [Hz]

Yes/   -


The most robust codec for both full rate and half rate, i.e. 4.75 has been chosen for the evaluation to investigate the most critical performance differences between speech codecs and control channel performance.
3.3 Performance plots

The performance plots, figure 1 to 3 below shows the relative performance, speech-SACCH and speech-FACCH for the full rate case over different Sub Channel Power Inbalance Ratios, SCPIR. The speech channel used is AFS4.75. For the SAIC receiver SCPIR has been varied in the range from -8 to 0 dB. For the SAM receiver -12 to 0 dB in SCPIR has been simulated. In the legacy GMSK Receiver case positive SCPIR range of 4 to 8 dB has been used as it is assumed that a legacy GMSK Receiver always will be allocated to the stronger sub-channel. 
It should be noted that the GMSK reference is shown for all SCPIR values for easier performance comparison. 
For legends in the plots below

· The GMSK reference is with solid line (without markers)

· The control channel performance with paired user always active in dotted lines

· The control channel performance with paired user either active or or not (DTX) in solid lines with circles.

· The special case for full rate of 13 frame shift is shown in solid line with ‘x’ marker.
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Figure 2. non-SAIC receiver, AFS4.75
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Figure 3. SAIC (VAMOS I) receiver, AFS4.75 
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Figure 4. SAM (VAMOS II) receiver, AFS4.75.
The performance plots, Figure 5 to 7 below shows the relative performance, speech-SACCH for the halfrate case over different SCPIRs. The speech channel used is AHS4.75.  Figure 5, 6 and 7 shows the performance for SAIC, SAM- and non-SAIC receivers respectively. It should be noted that HR FACCH has not been simulated and is left FFS.
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Figure 5. non-SAIC receiver, AHS4.75.
[image: image6.png]=) - N [

CTRL Channel-TCH/AHS4.75 @ 5% (ctrl)/1% (tch) BLER/FER [dB]

——GMSK ref, SACCH
—--MUROS, SACCH
—©—MUROS, SACCH w/ DTX
——GMSK ref. SACCH/rep
——-MUROS, SACCH/rep
—5—MUROS, SACCH/rep w/ DTX

SCPIR [dB]




Figure 6. SAIC (VAMOS I) receiver, AHS4.75.
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Figure 7. SAM (VAMOS II) receiver, AHS4.75.
4 Discussion

4.1 Control channel performance

4.1.1 FACCH
The relative performance of FACCH cannot be fulfilled in the VAMOS allocation for low SCPIRs for the non-SAIC and the SAIC receiver investigated. The largest difference seen is in the order of 3 dB for the non-SAIC receiver. The SAM receiver shows a robust performance irrespective of SCPIR yielding the same relative performance as for the GMSK reference case.
4.1.2 SACCH

It has been shown in the performance evaluation that the gains seen by DTX is ≤ 1 dB for SACCH for most scenarios. It should be noted that the DTX gain reflects the average gain brought by an activity factor of 0.6.
4.1.2.1 FR

The critical performance difference is seen for FR channels where the speech channel is 5 - 6 dB superior in performance compared to the non-repeated control channel for the reference case. Larger degradations are seen at lower SCPIRs, especially for SAIC and non-SAIC receivers. If repetition is used the relative performance for both the reference case and the VAMOS case is close to 0 dB.
If a shift of 13 frames is applied the relative performance for VAMOS channels are well below the reference case. It should be noted however that similar performance gains would not be seen in all cases of full rate and half rate channels multiplexed on the same VAMOS allocation.
4.1.2.2 HR

For HR the difference between the AMR codec and the control channel is ≤ 3 dB for the investigated scenarios and receivers. Again, the SAM receiver experiences a more robust performance irrespective of SCPIR compared to the non-SAIC and SAIC receiver.
When repeated SACCH is used the performance difference between the reference case and the VAMOS allocation is ≤ 0.5 dB.

4.2 Shifts of the channel organization

It should be pointed out that the average gain seen by using DTX is very dependent on the state of the paired user. The gain cannot be comparable to other diversity schemes, such as frequency hopping or speech frame interleaving where the diversity gains are applicable to all users in the system.
For “shifted channel organization for VAMOS”, see [5], for

· HR no shift in the channel organization can provide an isolated interference situation where a user allocated on a certain half rate sub channel number will be interfered only by the user on the same half rate sub channel number on the paired sub channel, see Figure 8. By introducing a reverted mapping in time and shifts in the channel organization, interference will be present from both half rate sub channels. This could, as also pointed out in [5], lead to increased DTX diversity since one user would be multiplexed with two users on the paired VAMOS sub channel. One drawback is that the full time slot would be in VAMOS mode (partly or fully), i.e. it would not be possible to allocate a half rate channel on a basic physical channel capable of VAMOS that does not belong to a VAMOS pair.


[image: image8]
Figure 8. Interference impact when going from legacy mapping of VAMOS HR SC1 & SC2 to time reversed and shifted mappings (red bars indicate the burst interfered by the second HR channel for VAMOS SC1).
· FR the identified shift of 13 frames, which allows the idle frame of one user to be paired with the SACCH of the paired VAMOS sub channel, there are clear  gains in the relative performance between TCH and SACCH (see Figure 2-Figure 4). The shift would however not bring any gains for the case of one FR channel paired with two HR channels, or if one FR is allocated with a HR channel having the same transmission of the SACCH, which are seen as relevant VAMOS allocations.
5 Conclusions

The document has evaluated the relative control channel performance for both FACCH and SACCH, both with and without repetition for three different MS receiver types envisaged for VAMOS allocations at different sub channel power imbalance ratios of the AQPSK constellation.
It has been found that neither the SACCH nor the FACCH can meet the criteria of the MUROS TR in keeping the relative performance, compared to the GMSK reference case, between the TCH channel and the associated control channel for all cases investigated. This is especially true for the non-SAIC and SAIC (VAMOS I) receiver at low SCPIRs for the respective receiver, while the SAM (VAMOS II) receiver show good robustness irrespective of SCPIR.
If repetition of the SACCH and/or the FACCH is used the relative performance is kept for all receivers for almost all scenarios.

If a shifting of the channel organization is used to utilize the DTX state of the paired user, gains of ≤ 1 dB is seen for most investigated scenarios. For cases when the control channel is reaching an error floor, e.g. at low SCPIR, larger gains are seen. It should be noted however that the gains seen are dependent on the activity factor used and the DTX state of the paired userm. It is questionable if the mean performance is the best measure for evaluating gains with DTX.

Based on the findings in the document: 
· it is recommended that VAMOS I and VAMOS II capable MSs are to implicitly support repeated SACCH and repeated FACCH (compared to the optional support currently stated in [2]).
· it is proposed that, in terms of improving the control channel performance, no shift of the channel organization, as proposed in [5], is to be applied for HR since the interference on the HR channel would not be unique (see Section 4.2).

· it is proposed that the special case of 13 shift of the FR channel organization, as proposed in [5], may not be suitable for VAMOS. It has shown to give large gains for the FR/FR VAMOS combination but gains on FR/HR combinations, which are expected to be of more frequent use in VAMOS networks, are unclear.

· Average performance gains have been seen with the use of a shifted SACCH mapping / shifted channel organization in terms of DTX diversity. Since the gains are very dependent on the DTX state of the paired user, the network gains brought by the solution are still unclear.
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