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‎On DTX Diversity in VAMOS
1 Introduction

It has been seen that for the proposed new VAMOS feature, higher spectral efficiency can be achieved when the physical resources are utilized such that both of the VAMOS sub-channels can be configured for users with half rate speech codecs. It is assumed that, in order to reduce interferences and power consumption, discontinuous transmission (DTX) is enabled, so that no transmissions are made when no speech is present, except for signaling and comfort noise, so improving spectral capacity further.
The typical assumption regarding speech activity profiles is that speech is present for on average 50% of the time, and that the periods of silence occur in blocks of time that are distributed in duration around an average period of about 1 second. This is much longer than the interleaving depth of a speech frame, so the transmitted slots of a given speech frame are essentially either all modulated with α-QPSK, or all with GMSK, as a result of the user on the other VAMOS sub-channel going in and out of DTX; exceptions of course occur at the boundaries of speech activity.
It has been seen that there is a significant difference in performance between a speech channel received over GMSK and α-QPSK modulations. In order to operate during the periods when α-QPSK modulation is used, certain sufficient signal quality conditions must be achieved. When the modulation reverts to GMSK, as a result of the other VAMOS sub-channel user entering DTX, the signal quality conditions are far better than required for reception on GMSK modulation. So it can occur that a user speech channel is “greedy” for significant periods of time, in that signal conditions are far better than required.
This contribution considers some approaches by which it may be possible to take advantage of these periods of DTX in order to improve the overall performance of the network. It primarily focuses on the downlink direction, as this is generally agreed to be the more critical link in achieving improved network speech capacity.
2 Approaches to DTX diversity

A number of approaches can be considered regarding how to utilize the occurrence of the DTX periods. A few of them are raised here. This follows with a discussion of the relative advantages and disadvantages, and the complexities of the approaches in terms of the changes required in the standard.

2.1 No change

Of course, one option is not to make any change to take advantage of the DTX occurrences. So a user on a VAMOS sub-channel only enjoys the benefit afforded from DTX when the paired user on its own VAMOS sub-channel enters DTX. However, this leaves a large performance imbalance between the 2 states as shown in Figure 1, especially for the situation when the SCPIR between 2 paired VAMOS users is large. This can be seen in Figure 1 - performance is shown for TCH/AHS7.4 on MTS-1 channel.
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Figure 1: Link Performance
2.2 Option 2 – Backoff transmission power

Another option is to backoff the power of the remaining GMSK modulated user when the other user in its VAMOS pair enters into DTX. A value of backoff could be determined such that the C/I is reduced to approximately the correct range to achieve a target FER of 1% with a GMSK modulated signal.
Consider the case of α=-8dB shown in Figure 1. For the α-QPSK case, the weaker user achieves FER=1% at about C/I=24dB, where the total received power C = C1+C2, and Cx are the received powers of each of the sub-channels. Assume that channel 1 now enters DTX, and that in the case of GMSK transmission only the power of the relevant sub-channel is transmitted (C2). From the α value of -8dB, then C2/I~16dB. As can be seen on the GMSK curve in Figure 1, this leads to a much better FER than the 1% required. It is possible to transmit a lower power of around (C2 - 4dB) without exceeding the target FER of 1%. This reduces the overall interference profile to other cells.
2.3 Option 3 – Alternate pairings at frame level

A further possibility is to alternate the pairings of the users between frames as shown in Figure 2. Two half rate users are shown in the upper row as the users on VAMOS sub-channel 0; the 2 frames marked `S` are SACCH transmissions of the 2 users. These are unchanged, use legacy TSCs, and so can support legacy MSs.
The lower row shows the two half rate users on VAMOS sub-channel 1. In this case, instead of switching between the two users every frame, a slightly modified frame mapping is possible. Every 2 frames the order of the 2 half rate users on VAMOS sub-channel 1 is alternated; so half rate user 0 is transmitted on frames 0, 3, 4, 7, 8, 11 etc, and half rate user 1 on frames 1, 2, 5, 6, 9, 10 etc.
The achievable benefit is shown in Figure 3, when one of the active users goes into DTX. The example is shown for a user on VAMOS sub-channel 0, but it is equally applicable for any user entering DTX. In this situation the GMSK transmissions are split between the 2 users on the other VAMOS sub-channel – 2 slots of data for a speech frame are transmitted with α-QPSK modulation, and 2 slots of data with GMSK modulation. This can give improved reception performance to both of these users, rather than just being confined to only one of the users.
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Figure 2: Alternative Half Rate Framing
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Figure 3: Alternative Half Rate Framing, with one user in DTX

2.4 Option 4 - Alternate pairings at multiframe level

Another option can also be considered, where the VAMOS user pairs are alternated at 13 frame boundaries rather than each frame pair. This is shown in Figure 4. The period of the 13 frame is 60ms.
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Figure 4: Alternative Half Rate Framing at Multiframe boundaries
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Figure 5: Alternative Half Rate Framing at Multiframe boundaries, with 1 user in DTX

3 Discussion

This section discusses some of the impacts of the options presented above.
3.1 Option 2 – backing off power
3.1.1 Signal dynamic range

The reduction in received signal power when DTX occurs for the case of α=-8dB is around 8dB. If the power is reduced by a further 4dB, then the range of received signal level between the AQPSK and the GMSK modulated signal is around 15dB, equivalent to about 2.5 bits in the A/D converter. No adverse impact is anticipated for the extra backoff in the order of 4dB.
3.1.2 Legacy users

The approach can also be used with legacy MSs, without the MS being aware of the VAMOS feature.
3.1.3 Impact on standard
No signaling is required for such a scheme.
3.2 Option 3 – Alternate pairing at frame level

3.2.1 Probability of benefit

On average, each user is in active speech for around 50% of the time. In the case that a user is paired with only one user (option 1), then there is only a 50% probability that the user will gain some benefit from DTX of the other user. However, if the user is paired with both the users on the other VAMOS sub-channel, there is approximately a 75% probability that there will be benefit from one of the other paired users being in DTX – 50% probability that one of the 2 users is in DTX, and 25% probability that both are in DTX.
3.2.2 Framing for given user

The proposal described above and shown in Figure 2 uses a fixed frame allocation within the multiframe structure for each speech user, irrespective of the instantaneous DTX state of any of the users. This remains fixed also across different multiframes; this would fulfill the preference stated by some companies that it is preferable to avoid frame mappings that change with multiframe.
3.2.3 Frequency Hopping

The frequency hop sequence is fixed for the physical resource, irrespective of whether full rate or half rate channels are allocated on it, and the exact mapping used. All of the MSs allocated channels on the physical resource are aware of the hopping sequence per frame, and can calculate the hop frequency for any frame.
3.2.4 Codec selection

There is no impact on the codec selection. 
3.2.5 Full rate users

If a full rate speech user is allocated on one of the VAMOS sub-channels, there is no impact on this full rate user.

3.2.6 Legacy users

Legacy MSs that are not aware of the VAMOS feature are always allocated on VAMOS sub-channel 0. These MSs cannot be allocated to VAMOS sub-channel 1 as they are not aware of the new training sequences codes required for VAMOS sub-channel 1. There is no impact to legacy users of the mapping on VAMOS sub-channel 1.
MSs (legacy or otherwise) allocated on VAMOS sub-channel 0 also benefit from the DTX periods of the 2 users on VAMOS sub-channel 1.

3.2.7 Impact on standard
No signaling is required for such a scheme.

The feature would be reflected in the definition of the mapping of the users on VAMOS sub-channel 1 in 45.002.
3.3  Option 4 – Alternate pairing at multiframe level

3.3.1 Framing for given user

The proposal described above and shown in Figure 4 is to use a fixed frame allocation within the multiframe structure for each speech user that is fixed, irrespective of the instantaneous state of any of the users. This remains fixed also across different multiframes. This would fulfill the preference stated by some companies that it is preferable to avoid frame numbering usage that changes with multiframe.

3.3.2 Frequency Hopping

The frequency hop sequence is fixed for the physical resource, irrespective of whether full rate or half rate channels are allocated on it, and the exact mapping used. All of the MSs allocated channels on the physical resource are aware of the hopping sequence per frame, and can calculate the hop frequency for any frame.

3.3.3 Codec selection

There is no impact on the codec selection. 

3.3.4 Full rate users

If a full rate speech user allocated on one of the VAMOS sub-channels, there is no impact on this full rate user.

3.3.5 Impact on legacy users

Legacy MSs that are not aware of the VAMOS feature are always allocated on VAMOS sub-channel 0. These MSs cannot be allocated to VAMOS sub-channel 1 as they are not aware of the new training sequences codes required for VAMOS sub-channel 1. There is no impact to legacy users. 

MSs (legacy or otherwise) allocated on VAMOS sub-channel 0 also benefit from the DTX periods of the 2 users on VAMOS sub-channel 1.

3.3.6 Impact on standard

No signaling is required for such a scheme.

The feature would be reflected in the definition of the mapping of the users on VAMOS sub-channel 1 in 45.002.

4 Conclusions
This contribution has highlighted the potential improvement available by exploitation of the diversity possible due to DTX. Some ways of using this have been discussed.
1(6)
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