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DTX Configurations for VAMOS
1 Introduction
A new Work Item Voice services over Adaptive Multi-user on One Slot (VAMOS) was opened at GERAN#40 [1]. The purpose of the Work Item is directed towards improving speech network efficiency by support of more than one speech user simultaneously over the same timeslot.
In addition to the definition of the speech traffic channel, another important aspect is the definition of the discontinuous transmission (DTX) signaling when no speech data is present.
This contribution looks at how DTX would currently occur in VAMOS mode, based on legacy, and proposes some improved concepts.
2 Default DTX in VAMOS
In the traditional speech codecs, such as TCH/FS, TCH/EFS and TCH/HS, the silence descriptor (SID) information is transmitted in fixed TDMA frame numbers. The frame numbers that are used are dependent on the speech codec in use as shown in Table 1.

For the case of 2 mobiles using the same timeslot resources in VAMOS mode, the default situation, if both mobiles were to keep the same legacy mapping, would be that both mobiles would use the same TDMA frames for transmission of their SID data. If the typical activity period ratio of a speech channel is around 50%, then for around 25% of the time both MSs are simultaneously in DTX and transmitting their SID information in the same TDMA frames.
It has been seen that, although 2 speech calls can be allocated to a single resource by inclusion of an additional training sequence, this nevertheless causes a significant degradation in link performance as compared to a single speech channel over GMSK. Or in other words, this can be viewed as leading to a significantly increased transmit power requirement, in order to achieve the required C/I. 
As an example of the potential difference in performance, an example has been taken for a speech channel over MTS-2; in this case the TCH/EFS legacy speech codec. Performance curves for VAMOS under different power balancing are shown in Figure 1. Once 2 MSs are allocated, then the required C/I increases very substantially; in the case here, by up to 13dB, even for relatively modest power differences between the 2 VAMOS channels.
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Figure 1: Link Performance on a VAMOS channel (MTS-2, TCH/EFS)
3 Improved DTX in VAMOS

In the case that both MSs have entered DTX, only the SACCH and the SID information are transmitted. So approximately 90% of the TDMA frames, for the given timeslot, remain vacant. 
There is a significant opportunity for improvement of the link performance in DTX mode, and of the resultant interference profile to other users, by the re-allocation of frames on which SID transmissions are made. In this contribution, specifically transmission of the frames containing the SID data is discussed; approaches for SACCH have been considered elsewhere.
One possible alternative SID frame allocation is shown in Table 2, although other mappings are of course possible. In this example, the VAMOS sub-channel 0 would remain in the same TDMA frames. This could support legacy non-DARP or DARP Phase I MSs that are not aware of VAMOS changes. The VAMOS sub-channel 1 would send SID information on different TDMA frames numbers. In this way when both of the channels enter DTX only GMSK modulation is used for SID information, or in the case of uplink, only a single GMSK transmission.
For the downlink, both of the VAMOS speech channels are transmitted from the same base station. Thus the base station is aware if either or both of the downlink speech channel links are in DTX. Given that the performance of the blocks over GMSK modulation is substantially better than over α-QPSK, the base could substantially reduce the transmit power for these GMSK slots, and still achieve the desired error rate for the SID data.

Additionally, the level and interference profile of these transmissions, as seen from users of (instantaneously) the same channel, will now experience a more significantly GMSK interferer profile, rather than an α-QPSK interferer profile. In this case, the other users’ gains from SAIC when handling this interference will be more substantial, because of the increased prevalence of GMSK as the interferer.
For the uplink, the shift of TDMA frames for SID transmission also has benefit. In this case the uplink transmissions are not co-located, and so each mobile has no instantaneous information on the DTX state of the other mobile. Instead the knowledge is used that the expected statistics are such that both mobiles will be simultaneously in DTX on the uplink about 25% of the time. For the periods that this occurs then the interference on the uplink caused by the transmissions is GMSK modulated, rather than α-QPSK. Thus, as was the case for downlink channels, also uplink channels of other mobiles will experience more significantly GMSK interference than α-QPSK. Again, this gives potential for performance improvements due to the presence of a simpler interferer profile.
4 AMR Codecs

A similar situation occurs for AMR codecs, although the SID is not now in a fixed position. 

For the downlink, the base station can place the SID frames of each VAMOS user so that they do not overlap.
For the uplink, the MSs do not have knowledge of the SID frame positioning of the other VAMOS user. In this case, it is possible to consider, for example, randomization of the SID frame positions in each SACCH block, at least of the secondary VAMOS user, in order to minimize the cases in which overlap occurs.
Table 1: Frame numbers used for SID transmission - legacy
	Type of channel
	TDMA frame subset always to be transmitted

	
	TDMA frame number (FN) modulo 104

	TCH/FS & TCH/EFS
	52, 53, 54, 55, 56, 57, 58, 59

	TCH/HS,subchannel 0
	0, 2, 4, 6, 52, 54, 56, 58

	TCH/HS,subchannel 1
	14, 16, 18, 20, 66, 68, 70, 72


Table 2: Frame numbers used in DTX for SID transmission – modified for VAMOS mode
	Type of channel
	TDMA frame subset always to be transmitted

	
	TDMA frame number (FN) modulo 104

	TCH/FS & TCH/EFS 
TCH/F VAMOS chan 1
	52, 53, 54, 55, 56, 57, 58, 59

65, 66, 67, 68, 69, 70, 71, 72

	TCH/HS,subchannel 0

TCH/HS,subchannel 0 VAMOS ch1
	0, 2, 4, 6, 52, 54, 56, 58

13, 15, 17, 19, 67, 69, 71, 73

	TCH/HS,subchannel 1

TCH/HS,subchannel 1 VAMOS ch1
	14, 16, 18, 20, 66, 68, 70, 72

1, 3, 5, 7, 53, 55, 57, 59


5 Performance
This section considers the performance gain possible from a re-positioning of the SID frames for the MTS-1 and MTS-2 interference scenarios. The simulation parameters are shown in Table 3.
The performance curves are shown in Figure 2 and Figure 3 for MTS-1 and MTS-2 repectively. It can be seen that there is almost a 10dB improvement for MTS-1, and a 4.2dB improvement for MTS-2 
Table 3: Simulation Assumptions
	Parameter
	Value

	Logical Channels
	SID

	Modes
	GMSK, VAMOS

	Channel profile
	Typical Urban

	Terminal Speed
	3km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference
	MTS-1, MTS-2

	Receiver
	SAIC

	Impairments:

– Phase noise

– I/Q gain imbalance

–I/Q phase imbalance

– DC offset

– Frequency error


	Tx / Rx

0.8 / 1.0   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 1.5   [degrees]

-45 / -40  [dBc]

  -   / 25   [Hz]
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Figure 2: SID Performance in MTS-1, TU3iFH Channel
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Figure 3: SID Performance in MTS-2, TU3iFH Channel
6 Conclusions

This contribution has considered simple enhancements to transmission in DTX mode when using VAMOS configurations. These have the potential to significantly improve link performance, both for the VAMOS channel users and for other network users that experience the VAMOS channel users as interference. Simulation results have been presented to quantify this improvement.
An accompanying CR [3] is provided that shows the simple implementation within that existing relevant standard document.
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