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Pairing for VAMOS
1 Introduction
The VAMOS WID [4] has been progressing on a number of different technical issues in order to support 2 users over the same physical resource.

One topic that is of notable importance is the process for pairing and un-pairing users on channels that are configured for VAMOS. This should be done in such a manner that poor handovers are avoided. The result of such poor handovers if made would be to cause increased incidence of call drops of both of the users on the VAMOS channel.
There has been some consideration of pairing issues in previous contributions [1],[2]
It is not apparent at this point if some requirements or guidelines are needed to be included within the standard itself. However, it is nevertheless valuable to discuss this aspect and understand in a better way how this impacts the overall VAMOS feature.
2 Legacy Case

This section considers how Handover is done currently for the legacy GERAN. Although each network infrastructure vendor has their own specific approaches and differences in detail, there are some general principles that can be noted.
The MS during a call makes measurements of cells that it receives in its Neighour List that is received in one or more of the System Information messages that are provided on the SACCH channel of the current physical resource that the MS is using.

The measurements that the MS makes are on the C0 beacon channel of a Neighbour. RXLEV measurements are made to report the received signal level, and thereafter the Neighbours with the strongest RXLEV values, have the SCH channel periodically decoded, in order to provide the BSIC, frame numbering and timing of these Neighbours. Again the SCH channel is received on the C0 channel.
However, when a Handover is made to a Neighbour, it is generally not made to this C0 channel. Rather it is made to a frequency (or set of frequencies if frequency hopping is active), where the conditions can be very substantially different. The quality of this resource that is provided to the MS on the new serving cell, is not well represented by the measurements made on the C0 channel, even though it is for the same cell.
There are a number of fundamental differences between the C0 channel and the allocated resource, and in the limited information that is provided by the measurements that are made. The C0 beacon frequencies are often configured with a lower re-use factor than the resources for the traffic channel. Taking as an example values from the network scenarios in the VAMOS TR [3], the beacon has a (4,12) re-use, while the traffic resources are configured with re-uses of up to (1,3) and (1,1). So the interference profiles experienced by an MS receiving on the traffic resources will be significantly different than those previously measured on the C0 channel. Additionally, the C0 channel is usually transmitted at maximum output power from the base station so that it provides coverage over the complete cell area. In fact it must be even further than that, in order that the C0 can be measured with sufficient margin in time/power by an MS using a neighbouring cell as its serving cell, so that it is relevant when a decision regarding a potentially urgent Handover needs to be made.
As noted before, measurements on Neighbours are based on RXLEV of the C0, and the data contained in the SCH. RXLEV is a based on a pure power measurement in the ARFCN of interest. No information is available about the interference on any provided traffic resource. Currently it may only be observed once the MS has made a Handover to that resource. 

The situation may be so bad that it is not actually possible to receive and transmit the control data over the SACCH & FACCH that are require to make an immediate Handover, and so avoid a dropped call. Alternatively, if the network is configured in such a conservative manner as to avoid these situations in all but very extraordinary cases, then the potential for a very large part of the possible capacity gain may be lost.

It is thus desirable to have a mechanism that can better predict the situation that will occur after Handover, and/or provide sufficient robustness to avoid a call drop, and move to another more appropriate resource.

Additionally, in the legacy case handovers are typically made due to the poor performance on the channel in use before the handover was initiated. There is a fallback mechanism to this previous channel, but only in the case that the handover process does not achieve completion. The reason for handover for the VAMOS situation is somewhat different. In many cases the performance on the channel prior to the handover/VAMOS pairing will be quite satisfactory. The VAMOS pairing is done for reasons of increasing caller capacity in the cell. In the situation that the performance after the VAMOS pairing turns out to be unsatisfactory, return the original channel could potentially be a very suitable manner in which to maintain the call quality.

3 VAMOS Case

The standardization of the VAMOS feature potentially provides an excellent opportunity to address the issue of Handovers occurring in the absence of important relevant measurement data. This issue is even more acute in the case of VAMOS since there is now a situation of possible dropped calls for both MSs that are sharing the resource.
The remainder of this contribution discusses possible ways in order to provide more information to the network before the Handover occurs, and also methods that can be used to make the initial reception of control information for a new MS on a VAMOS resource as robust as possible, in order to avoid situations that the MSs cannot avoid call drops.

4 VAMOS Pairing
This section discusses 2 aspects of VAMOS pairing. The first part relates to suitable measures and pre-VAMOS configurations in order to predict the VAMOS reception performance. The second part discusses ensuring robustness of the control channel messaging once a VAMOS configuration has been made.
4.1 VAMOS Pairing Process

4.1.1 C/I or BEP as a Quality Measure

As mentioned in the introduction, measurements based on the beacon cell are only partially representative of the receive quality that could be expected on a traffic channel. Although the path loss should be the same for the beacon channel and a traffic channel, and so a reasonable estimate of the expected receive signal level for the traffic channel could be made, this is not the only factor in determining receive quality. Typically channels are also interference limited, and the presence of an interferer is not apparent from the RSSI measurements. 

Other measurement metrics that could be used to assess the quality of a channel are, for example, carrier to interference ratio (C/I) and Bit Error Probability (BEP). These are more relevant metrics than received signal strength (RSSI). RSSI is only really relevant for receive performance as a metric relative to thermal noise. 
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Figure 1: Interference from other cell

4.1.2 Using the same Hop set

Even if both the MSs that are to be combined on a resource in VAMOS mode have traffic channels on the same cell, the C/I and/or BEP measurements on their respective allocated channels before configuring in VAMOS mode are not a reliable measure of expected performance when combined on a VAMOS channel. This is because the hop sequence is typically not identical for each user allocated on a traffic channel on a given cell, Different hop sequences can give significantly different measurements, depending on the frequency hop sets and sequences that are in use on other cells in the vicinity of a particular MS, and hence the interference levels to which each MS is exposed.

A method to ensure that the 2 candidate MSs for pairing are exposed to, on average, the same interference sources, is for both the 2 MSs to be placed on the same hopping sequence, but at different phases in the sequence, as an intermediate stage prior to the pairing. 
This is shown diagrammatically in Figure 3 where it shows a part of a hop sequence. The blocks fi indicate the series of frequencies that are used at each successive TDMA frame. The pointers MS1 and MS2 indicate the frequency that is used for each of 2 MSs at a given TDMA frame in time, and MS2 is at a different phase in the hop sequence. It is also preferable that the 2 candidate channels will be allocated on the same timeslot number. This can improve the quality of the measurements in the case of interference being caused by the surrounding cells on different timeslots.
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Figure 2: Assessment using path loss measurement
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Figure 3: Using Same Hop Sequence

4.1.3 Assess VAMOS potential by measuring GMSK transmission

Another possible method is for a candidate MS (or MSs) to measure receive quality directly on the target resource for allocation of a VAMOS channel. An example is shown in Figure 4. MS1 is on a traffic channel that is a candidate to be configured as a VAMOS channel. MS2 is a candidate for pairing with MS1, and it is currently configured on a different physical resource, either on the same or a different cell. If the target resource channel (used by MS1 in Figure 4) is currently configured as a regular speech channel with GMSK, the candidate MS(s) (MS2) can measure the C/I of the target resource, and/or estimate the measured BEP, or use some other quality metric. (In this context we refer to C/I as the interference caused by the external interferers, not the internal interference caused by αQPSK.) 

The method has the advantage that it does not impact the user that is already allocated on the target resource, until a pairing is done on the target channel.
Given information on the timing and hop sequence of the target resource, MS2 can make receive quality measurements. These measurements can be reported, and used by the network to make a decision about suitable pairings of MSs on a VAMOS channel. Based on measurements by MS2 of C/I and or BEP for GMSK modulation on the link for MS1, an estimation of the receive performance of MS2 with αQPSK on the target resource can be made.

It is noted that the measuring MS2 needs to know hopping sequence of the channel resource under measurement. This would likely have to be signaled to it.
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Figure 4: Measure receive quality utilising GMSK Transmission
4.1.4 Known data on VAMOS subchannel

Another possible method is that αQPSK is transmitted on the target resource, instead of GMSK, by the addition of dummy data on the second subchannel of the VAMOS candidate. An example is shown in Figure 5 and Figure 6. For this example, MS1 is configured on the target resource whose transmission is shown in Figure 5. The turquoise boxes show the GMSK transmissions for the speech channel that is already allocated there. At some point the second VAMOS subchannel is added, containing known data. Transmission is then done using αQPSK. The relative power of the 2 channels is selectable.

Measurement by a secondary MS is shown in Figure 6. The default state is that BTS1 transmits speech over GMSK to MS1, and BTS2 transmits to MS2. (It may be that BTS1 and BTS2 is actually the same base, if considering intracell handovers.) When BTS1 starts transmitting αQPSK, as shown in the example in Figure 5, MS2 can receive the transmission, and make reception quality measurements. Additionally, MS1 can make measurements during this period. 

Both MS1 and MS2 can measure receive conditions on the sub-channels of the αQPSK transmission, prior to actual allocation of two resources on the same physical channel resource. In this way, the performance of both MS2 and MS1 on a VAMOS channel can be predicted well, prior to its actual configuration.

The data could be completely random, and a statistical measure be made to estimate, for example, the bit error rate (BER). However, this measure is not accurate, and could give an incorrect assessment of the VAMOS performance.

A better method could be to use a known pseudo random sequence for the data that is placed on the secondary channel. This is shown diagrammatically in Figure 5. In this way a more accurate bit count error can be made rather than relying on a statistical estimate. In order to have the phasing of the bit sequence known at any particular point in time, synchronization of the sequence could, for example, be aligned to start with a certain multi-frame number or super-frame number.

Using this data, the network can make an assessment on the viability of the pairing for VAMOS.
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Figure 5: Transmission of Known Data
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Figure 6: Measurement Example

It is noted that the measuring MS2 needs to know hopping sequence of the channel resource under measurement. This would likely have to be signaled to it.

4.1.5 Transmitting real data prior to releasing the old channel

The current method for Handover, whether inter-cell or intra-cell, is a break-before-make mechanism by the MS. A short time period is allowed for which the MS tries to receive the FACCH messages on the new channel. If the FACCHs are received, and transmitted FACCH responses from the MS are received by the new BTS, then the Handover completes immediately. If the signaling for the Handover succeeds, but traffic performance on the new allocation is very poor, it can lead to call drop. For the legacy situation, capabilities like power control can help to alleviate the problem in scenarios like this.

However, in the case of VAMOS pairing, the problem is more complex. Since there are now 2 users allocated on a single physical resource, an increase in power may not be possible in order to resolve the reception quality problem, because of the relative power levels (the α value) required between the users.

A possible improved method for VAMOS is for the MS to use a make-before-break mechanism. The network would transmit speech traffic to MS2 on both the old resource and on the new VAMOS resource for a longer period than usually used for legacy HO. This is shown diagrammatically in Figure 7. This would allow time for the MS to assess reception quality on the allocated VAMOS channel, and consider whether the quality is sufficient to continue on the channel. 

The turquoise blocks denote the transmission of the MS already allocated on the resource; the green blocks the transmission of the 2nd MS that will be paired with it. At a given point, the network starts transmission of the speech data on the VAMOS channel, whilst retaining the transmission on the original source channel. The MS can then start communicating on the new secondary channel of the VAMOS channel, and make a measurement of reception quality. If performance is seen to be sufficiently good, a HO confirmation message can be transmitted by the MS. In the case that reception is observed to be too poor, the MS can return to the source cell, and send an indication that the allocation to the VAMOS channel was not completed.
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Figure 7: Transmitting Real Data on VAMOS Before Old Channel Release
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Figure 8: Intracell Handover to VAMOS
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Figure 9: Intercell Handover to VAMOS

______________________________________________________________

4.2 Control channel robustness

-QPSK has been selected as the modulation method by which 2 speech users can be supported on a single physical resource. Sub-channel power control (also known as SCPIR) can be used to provide more or less power to each of the users.

Immediately after Handover of an MS to a new VAMOS resource, the receive performance of each of the MSs allocated on this VAMOS channel is not yet known. However, it is imperative to ensure that the SACCH channel of the newly allocated MS is robustly received in order that the MS can get quick access to the System Information message content.

Prior to pairing of 2 MSs on a VAMOS resource, an assessment will have been made of the appropriate SCPIR value to use in order to ensure that the data on the downlink for each of the MSs is robustly received. Using this initial value the BTS can give preference to the SACCH slots of new MS on the resource for a defined period, such that it can robustly receive the SACCH data. This can be done by giving a better SCPIR to the SACCH slots of the new MS on the resource for a defined period. This period might be, for example, until the MS makes its first Measurement Report, or for a cycle (or more) of transmission of the System Information over the SACCH. An example is shown in Figure 10.

The preferential SCPIR on the SACCH slots should not cause any effect on the speech reception performance of either of the MSs on the resource.

The SACCH decoding of the MS that was already on the resource may be slightly negatively affected, if the SACCH slots of the 2 users are multiplexed together. In the case that the SACCH slots of the 2 users are multiplexed on different frame numbers then this impact should be irrelevant.

There are a number of proposals in the VAMOS standardization regarding the positioning of the SACCH slots of the 2 users. Among these are the legacy framing and a proposal of Shifted SACCH framing. In addition, Repeated SACCH can also be applied. Preferential power is applicable to all of these situations.
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Figure 10: Preferential Power to SACCH after Handover
5 Conclusions

This contribution has considered the issue of user pairing for the VAMOS feature. 
Although it is not currently clear whether specific requirements and/or guidelines need to be included into the standard itself, it is nevertheless worthy of some discussion, in order to understand the scope of its impact on the overall VAMOS feature. This can also assist in determining what components are required in the standard in order that the VAMOS feature will work well. 

Some problems associated with pairing have been presented, and some possible approaches have been proposed. We encourage further discussion of this topic.
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