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SAIC Asynchronous Link Level Modelling

1. Introduction

Most of the SAIC link level modelling work done so far in TSG GERAN has been concentrated on development of link level models for synchronous network configurations. Although the highest SAIC gain is expected in synchronous networks, the majority of networks will, at least in the near future, still be running in asynchronous mode. Consequently, estimation of the expected SAIC capacity in asynchronous networks is seen as an important part of the SAIC feasibility study. 

During TSG GERAN #15 a number of contributions were submitted discussing how to make link and system level assessment of the SAIC performance in asynchronous networks. This contribution will be using these input papers and the discussion in TSG GERAN #15 and based on this a procedure for making the capacity estimation in asynchronous networks will be suggested. Several options will be presented for open items, which should be discussed and decided by GERAN #16.

This paper is organized as follows. First the estimation of the capacity in an asynchronous network is discussed in section 2, followed by the actual modelling discussion in section 3. In section 4 ways of defining the burst wise CIR and DIR are presented and finally the conclusion is made in section 5.  

2. Capacity estimation in asynchronous networks

An exact estimation of the network capacity requires a hybrid link and system level simulator taking all system and link level factors into account. In practice such an approach is not possible and instead a more simple solution splitting the system and link level simulations is used. The principle is to make a table of the link level performance as a function of factors like C/I and DIR. The system simulator will then use these values as the link level performance of the mobiles in the network. 

Even though the link level models developed for the feasibility study of SAIC in GERAN are very complicated the agreement so far has been that the performance still can be parameteri​sed by the burst wise C/I and DIR for synchronous networks. For asynchronous networks it would be natural to extend the number of parameters to include information about delay and scaling of the different interferers in order to have an accurate estimate of the capacity. But as discussed in [[1][[2] most system simulators available today have been designed for synchronous network operation and updating these for asynchronous operation would be a major task. Therefore the agreement during TSG GERAN #15 was to use the standard system simulators and then restrict the handling of the asynchronism to the link level
. 

By using this simplified approach an estimation of the capacity in asynchronous networks will require the following:

· Develop statistical link level model including delay offsets, burst power and structure etc. 

· Make link to system level mapping tables using simulations of the statistical link level model.

· Simulate network capacity using developed mapping tables and standard system simulators.

The rest of this contribution will be concentrated on discussing the statistical link level model, which will be the foundation for the capacity assessment in the asynchronous network configurations. 

3. Asynchronous link level modelling

When operating in an asynchronous network the mobile will experience a more complex interferer environment than in a synchronous network due to the time offset and propagation delay between the different BTSs. An example of a typical interferer situation for a mobile operating in an asynchronous network is illustrated in Figure 1. Within the burst of interest each of the interfering signals denoted I1-I3 comprises two interfering signals and the last one denoted I4 a single interfering signal. The difference between the two types of interference is the location of the BTS transmitting the interfering signal. For the signals I1-I3 the interfering BTSs are from another cell-site than the BTS transmitting the carrier – therefore this type of interference will in the rest of this text be called inter-site interference. The last interferer (I4) is from the same cell-site –  i.e. intra-site interference – and therefore time aligned with the carrier
. 

The major problem when developing an asynchronous interference model is of course the modelling of the time offset used for the different interferers. On top of this the following issues need to be considered:

· Power levels of the two interfering signals for inter- and intra-site interference,

· Frequency offset and TSC of adjacent timeslots,

· Correlation between successive bursts (inter-frame correlation),

· Propagation profile,

· Burst structure (phase continuity, power ramping etc).

The modelling of these characteristics will be discussed in the following sub-sections.

3.1 Time-offset modelling

As demonstrated in Figure 1 the time-offset modelling is only needed for inter-site interference whereas intra-site interference can be assumed to be time-aligned with the carrier signal. This difference between inter- and intra-site interference can easily be taken into account by using the proposal made by Siemens in [[2] to describe the time offset by the distribution
:
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where tmax represents full or half slot length (156.25 or 78, respectively), and the uniform distribution is using e.g. ¼ symbol resolution of the timing offset. In this equation 
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represents the percentage of time the interference is from the same site. The value will obviously depend upon the loading of the network. Which numbers to use for the 4 defined configurations for 
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 have to be found by network simulations. 
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	Figure 1 Typical interferer scenario for a mobile operating in an asynchronous network with time offsets (arrows). 


This delay model including the intra-site component can in principle be used for all interferers in the interferer models defined for the four network configurations. But because the intra-cell interference is expected to be high 
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should preferably only be used for the main interfering signal in the interferer model whereas the other interferers in the model should use 
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 As a simpler alternative, no intra-cell interference might even be assumed for all interferers. This point should be discussed again and decided by WG1.

In several of the contributions for TSG GERAN #15 it was discussed whether the time offset values should be correlated in time to reflect the typical 4 SACCH frame update interval used in GSM (see e.g. [[3]). The outcome of the discussion was that the asynchronous model mainly should reflect the behaviour when operating on the hopping layer and therefore the interference and the time offset will typically change in every frame. Thus an independent value of the delay should be drawn from the delay distribution in every TDMA frame for each of the interferers. 

3.2 Power Levels

When designing an asynchronous link level model another important issue is the modelling of the power variation between the different interfering bursts. In Figure 1 the power level associated with the interferers are denoted by 
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where i is the interferer number and j is the index of the interfering burst (
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). Assuming the bursts are located within a frame, i.e. not at a frame boundary, then the bursts will be sent from the same BTS and therefore these bursts are affected by nearly the same channel (pathloss, shadow and multipath fading). Despite this similarity in fading the received power level of the interfering bursts will in general be different due to power control and DTX operation [[1][[2][[3].

In [[3] it was suggested to use a power control gain distribution (see table 3 in [[3]) to scale the output power of the bursts in the interferer. The gain distribution can be found from network simulations but will of course depend upon the used power control algorithm. An example of a gain distribution can be found in [[3]. As an alternative a simple uniform distribution could be used to model the power control. This approach was proposed by Ericsson in [1] and has the advantage that it is easy to model and besides it does not depend upon the actual power control algorithm and the service being investigated. Therefore even though the Motorola approach clearly is more accurate it is proposed to use a simple uniform distribution to model power control. 

The next question is if the scaling shall be used on all the three interfering slots (see e.g. I1 in Figure 1) or should the power control scaling only be used on some of the slots (no scaling of the main interferer). The later seems to be a logical choice because the overall scaling of the different interferers will depend upon the derived synchronous link level models. Basically two options for the definition of the main interferer exist having different impact on the power levels: 

· A first option is to use the middle interferer (see Figure 1) as the main interferer independent upon the actual time offset. This case is modelled by setting tmax = 156.25 (cf. model type I in [6], but with different scaling as described above). 

· A second option is to define the main interferer as the interferer having the largest time overlap with the carrier (called major timeslot interferer) [[2]. This case is modelled by setting tmax = 78  (see model type II in [6]). Note that with this option, the case of interferer I3 in Figure 1 can’t occur with a large negative offset as shown, but only with a small positive offset.

The problem with the second option is that this will always imply that interference will be present during the training sequence of the carrier. For the first option proposed in this document this overlap is not implied and therefore this may be more realistic in practice. For example, an interfering timeslot surrounded by unused timeslots could corrupt only part of a data section in reality, but this case would be impossible with the second option. The alternative should be discussed and decided by WG1.

When discussing power levels also the use of DTX has to be considered. In practice DTX should be used on all interfering bursts but the GERAN link level models were designed from system level simulations and consequently DTX is already taken into account when deriving the power levels for the main interferers (denoted by 
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 in Figure 1).  Consequently DTX should only be applied on the interferers 
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When discussing system and link level simulations the use of fractional load is also very important. The fractional load has indirectly been taken into account in the derivation of the four interferer models and therefore it was decided in the TSG GERAN #16 meeting that the fractional loading should not be included in the asynchronous link level model. 

3.3 Burst structure

In the Motorola contribution [[3] a number of unclear issues like phase continuity, symbol sequence in guard period and power ramping related to the burst structure were highlighted. Although very important when doing asynchronous link level modelling these are not defined in the standard and can be implemented differently by BTS vendors. Consequently to ensure that the same conditions are used when doing the link level simulations agreement how to model these issues is needed. 

When different bursts are transmitted from a BTS on a physical channel the standard does not define the relative phase between these bursts and even though it is expected that some BTS implementations are having phase continuity this cannot be guaranteed. Besides the duration of timeslots cannot be guaranteed to be 156.25 symbols but can also be either 156 or 157 symbols (see [[5]), which by the mobile will be seen as a phase discontinuity. To model these effects the proposal by Motorola in [[3], i.e. to have a random generated phase change modelled as a random process uniformly distributed in the range 
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, seems to be a good procedure. Clearly this is the most pessimistic way of modelling the phasing between the bursts but it has the main advantage of being a very simple.

The symbols to send during the guard time between the different bursts are not covered by the specifications. Due to the power ramping applied between the different bursts it is not expected that the guard symbols will have a major impact on the performance. Therefore it is recommended that the Motorola proposal in [[3] will be used i.e. to use uniformly distributed random symbols. Even different implementations could be accepted for the simulations. 

According to the specifications the basestations are only required to use power ramping when non-used timeslots are present i.e. the ramping will be used on the non-BCCH frequencies. No specific ramping function has been defined but the ramping should follow the time mask for normal bursts as defined in 45.005. To simplify the asynchronous link level modelling it is proposed to use power ramping on all bursts besides any ramp function can be used as long as it is compliant with the time mask from 45.005. 

3.4 Inter- and intra-frame correlation

At the TSG GERAN #15 meeting the use of inter-frame correlation were extensively discussed and the conclusion was that on the hopping layer it is not necessary to model it because the interference in neighbouring frames will come from different basestations. As long as the frequency load is low this conclusion is valid but as the load increases there is an increasing risk that the interference in neighbouring frames will come from the same basestation. Therefore at high loads the lack of inter-frame correlation will give an error in modelling. Despite this error it is proposed to follow the decision from TSG GERAN #15 not to include inter-frame correlation in order to keep the model simple and possible to implement. 

Within a frame it is necessary to include correlation of the fading characteristics, the used TSC and the frequency offset between basestations. The fading is controlled by the channel and will automatically give the necessary correlation. Finally the bursts sent within a frame from a BTS will be using the same TSC and have the same frequency offset. Therefore this should also be used in the model. 

4. C/I and DIR Definitions

For synchronous networks the burst wise CIR and DIR are simply defined as:
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respectively. In the two equations the C and I are defined as the energy of the carrier and the total energy of the interferers calculated within a burst. These definitions can be applied in the same way in the link simulation for generating the performance mapping and in the system simulation to use the mapping for performance prediction. When going to asynchronous networks several options for the definition and calculation of the burst wise CIR and DIR exist:

· The energy of the interferers is calculated as the energy within a burst i.e. the definition simply follows the definition from the synchronous case. The main advantage using this approach is it is simple and gives unique DIR values. But the problem is that for a given DIR the performance will have large variations and it will be difficult to relate the burst wise CIR and DIR to the values from a synchronous system. 

· A variant of the first approach is to use the energy during the training sequence to rank the interferers but do the actual calculation of the CIR and DIR using the energy within a burst. The problem using this approach is that it is linked to the assumption that some SAIC algorithms require interference during the training sequence to do the interference cancellation. 

· Define the CIR and DIR according to the actual interference level before power control and DTX are applied. The main advantage using this approach is that it is very easy from the burst wise performance to analyze and compare the performance cost/advantage of operating a SAIC terminal in an asynchronous network. The problem is that due to DTX and power control then the performance for a CIR and DIR will have huge variations and consequently longer simulations will be needed. 

As shown in this section unique definitions of CIR and DIR do not exist when operating in an asynchronous network. Furthermore, these definitions can only be applied for the link level generation of mapping tables whereas the standard CIR and DIR definitions should be used in the system simulations to find the entry to the mapping table as explained in section 2. The three methods suggested in this section all have pros and cons, but the third method seems to be the best method for comparing the performance of SAIC terminals when operating in asynchronous and synchronous networks.

5. Conclusion

In this document the development of a link level model for asynchronous networks has been discussed and the recommendation is to model the time offset as statistically independent values from a uniform distribution. Besides this time offset modelling of inter-site interference it is proposed to include intra-site interference with some probability in the model as well. Another important issue is the use of power scaling due to the use of power control and DTX. Except for the main interferer it is proposed to apply this scaling on the other interferers. Some open items related to the burst structure have also been discussed and finally three methods for defining burst wise CIR and DIR have been proposed.
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� This will result in new link to system level mapping tables, which can be parameterised by the burst wise C/I and DIR how to define these for asynchronous networks will be discussed in section � REF _Ref49487929 \r \h ��4�.  


� In principle I4 could be inter-site interference as well if there is no time offset of the signals received by the mobile from the two BTSs.


� The notation U[-x;x] is used to represent a uniform distribution in the range –x to x.
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