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Further discussion on diversity transmission for VAMOS
1  
Introduction

To support multiple voice users in one time slot, study item of MUROS was initiated in GERAN#36 [1]. Until  GERAN#40 meeting in Miami, USA, several technical proposals were into converged and a new work item, VAMOS, was approved [2]. Among those candidate techniques for VAMOS, there were several discussions to introduce TCH diversity transmission in VAMOS [1][3]. In this contribution, we further discuss related topics including downlink TSC use, diversity indicator signalling, and diversity/repeated FACCH. Finally, we give respective conclusions.
2  
Using the same TSC in VAMOS downlink
In VAMOS candidate schemes in downlink, it is assumed that different users allocated in one time slot will use different TSC to keep orthogonal sub-channel characteristic. However, using the latest VAMOS modulation scheme, which is based on adaptive QPSK modulation, I and Q sub-channel have already provided enough orthogonality to differentiate users in downlink. Then if we apply the same TSC for different users in one downlink TS, there will be no harm to differentiate different VAMOS user by demodulating data in two orthogonal sub-channel branches, respectively. Further, channel estimation accuracy can be enhanced and bring performance improvement.
Figure 1 shows the performance comparison of FACCH using the same and different TSC
. Looking at Figure 1, we can see that the red curve (FACCH using the same TSC in paired sub-channel) in the figure has around 1dB outperforming the blue curve (FACCH using the different TSC in paired sub-channel). This shows that using the same TSC in downlink transmission can further enhance link performance. We analyzed the reason for this in Annex 2. From the equation A.1 and A.2 for channel estimation error analysis, we can see such around 1 dB gain comes from better zero forcing effect using least squared channel estimation.
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Figure 1. Performance comparison for FACCH using the same and different TSC in paired sub-channel (Downlink)
3 
Signalling indicator for VAMOS downlink diversity transmission
Reference [3] further discussed diversity transmission scheme (DTS) for FACCH when TCH is in un-paired status. To avoid confusion with repeated FACCH (also can be seen as one diversity scheme), here, the term of diversity FACCH indicates puncturing or delay paired data’s transmission in the same time slot. The performance analysis shows around 0.6 dB gain in link level. Considering diversity which can bring further system interference average benefit, it is expected that more gain can be achieved in system aspect.
Reference [3] uses TSC correlation method to decide diversity or no diversity transmission for certain VAMOS users. We can find some drawbacks of TSC correlation method. First, before TSC correlation in paired branch, it is assumed that there is no TSC knowledge of the paired sub-channel’s user. Thus, channel estimation performance without knowing paired user’s TSC information could be worse than that of the knowing paired user’s TSC information. Furthermore, one user has to make correlation using its TSC twice irrespective with or without transmission diversity. Such correlation operation’s benefit is no need for additional downlink signalling. But, considering worse channel estimation performance and possible redundant correlation operations, it is worthy to consider alternative operation to fulfil TCH diversity transmission in VAMOS. 
In our point of view, one additional diversity indicator signalling can be considered for VAMOS which can avoid above mentioned drawback and furthermore the needed signalling overhead might be acceptable. This additional signal relied to extend the stealing bit from original two statuses (indicating TCH and FACCH, respectively) to three statuses. The additional status will be used to indicate TCH with diversity transmission.
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Figure 2. Performance comparison for stealing bits using modified mapping (Downlink)
From Figure 2, we can see that the modified mapping scheme (blue curve), which uses the same TSC in two branches, will bring about 2 dB performance loss compared to the conventional mapping scheme. However, we can expect that such performance loss can be reduced if we consider exact false alarm case. Such analysis is listed as in below Table 1.

	Status of stealing bits
	False alarm probability analysis
	Less than 2 dB or not
(for the stealing bit performance loss)

	TCH w/o diversity
	The paired stealing bits can be used to reconfirm its correctness
	Yes

	FACCH
	Paired stealing bits can be used to re-confirm FACCH indicator’s correctness
	Yes

	TCH w/t diversity
	Diversity gain can improve performance of this stealing bit status
	Yes


Table 1. Analysis to improve performance of new stealing bits mapping statuses.
Therefore, we are intended to propose adding one more stealing bit status for VAMOS users compared to the blind correlation operation in the scheme without L1 signalling.
4 
Comparison between repeated FACCH and diversity FACCH
We have two ways to enhance downlink FACCH performance. One is to re-use repeated FACCH which was already specified since 3GPP GERAN Release 6 [4]. The other is to consider diversity transmission for downlink FACCH (Puncturing or delay the data in paired sub-channel). The diversity FACCH branch will occupy the other paired sub-channel which may be allocated to another VAMOS user. Then, puncturing resource of another VAMOS user will bring certain data delay to another paired user if we use buffering mechanism which will not harm data completely. Considering not so frequent puncturing, the performance loss could be seen as acceptable level. Further, diversity FACCH can make FACCH reception more instantly comparing to repeated FACCH in time domain.
Figure 3 compares performance difference between diversity FACCH scheme and repeated FACCH scheme. We can observe that around 0.6 dB gain when using different TSC for diversity FACCH. If we use the same TSC for downlink diversity FACCH, the gain can be expanded to 1.6 dB.
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Figure 3. FACCH Performance (Diversity vs. Repeated)
5 
Conclusion

In this contribution, we discuss several issues related to VAMOS diversity transmission. In summary, we suggest:
1) Use the same TSC for different users in DL VAMOS transmission;
2) Choose diversity indicator signalling for TCH diversity transmission in case that small signalling performance degradation can be seen as acceptable;
3) Use diversity FACCH scheme to further enhance downlink FACCH performance instead of repeated FACCH.
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Annex 1: Simulation assumptions

	Parameters
	Values

	Propagation Environment
	Typical Urban (TU) 

	Terminal speed
	3 km/h 

	Frequency band
	900 MHz

	Frequency hopping
	No

	Interference/noise
	Sensitivity

	Antenna diversity
	No

	Number samples per bit
	4

	Tx pulse shape
	RRC filter with rolloff 0.3

	Trainning sequence
	Scenario 1 (Stealing bit performance in fig.1):

RIMbmp TSC0, Legacy TSC0

Scenario 2 (FACCH performance in fig.2)

(1)RIMbmp TSC0 and Legacy TSC0

(2)RIMbmp TSC0 and RIMbmp TSC0

	Channel type
	FACCH

	Modulation type
	QPSK


Annex 2: Channel Estimation Algorithm in the Simulation

In our simulation, the training sequence utility in one time slot is divided into two scenarios, one is to use the different TSC and the other is to use the same TSC in downlink. So the corresponding channel estimation algorithms are listed below:

1) Using the different TSC (for example, TSC1, TSC2)

Denote the received signal at the receiver as 
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  and corresponds to the training sequence 
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 . h is L-tap independent complex channel impulse responses and  n is the noise vector, 
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Therefore, use the least-squared error estimate of the channel and get:
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The channel estimation error is:
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(A.1)
2) Using the same TSC

For example, if TSC1 is adopted both two sub-channels in downlink, then the received signal can be given as:
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Therefore, use the least-squared error estimate of the channel and get:
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The channel estimation error is:
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� Simulation assumption is in Annex 1
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