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1     Summary
This contribution gives the TeliaSonera viewpoints on some of the proposed uplink improvements for GERAN Evolution:
· the improvements supplied and the feasibility of (M)DSR are questionable; 
· Dual Carrier (independent carriers) WID would be supported;
· Dual Carrier with narrow spacing is not supported;
· a duplex filter (Type 2 already in place) is perhaps the most promising candidate for the uplink.
Uplink improvements are important for EDGE: services are becoming more symmetrical. A set of candidates should be standardised (or implemented for one of the items above) even if not all of the requirements of the FS are fulfilled. BSS Hardware changes are acceptable if necessary, and if sufficient gains can be demonstrated. 
2     (Modified) Dual Symbol Rate

One of the issues is the separation of multiple users in the same band; a mix between legacy carriers and (M)DSR, which may be a particular problem in dense networks. Interference Rejection Combining (IRC) has been proposed to remedy this.  

In earlier contributions, e.g. [1], it has been shown that for two physically separated antennas are used, IRC reduces to beamforming where one single interferer can be suppressed. Suppose the distance between these antennas is d, and assume that the desired signal s at the two antenna ports is incident from broadside:
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i.e exactly the same (randomly varying) signal at the two antennas. Suppose further one single interferer incident from the angle 
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where 
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is the phase factor arising from the difference in the propagation paths between the antennas. Neglect the noise. The optimal beamformer according to IRC is then

(1)
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where the first factor is the correlation matrix of the total signal 
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and the latter is the projection of the desired signal onto the received signal. We have
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which will completely suppress the interferer incident from
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, i.e. the ideal beamformer. However, this only works efficiently for one interferer, since it is not possible to place more nulls in the configuration per half space using only two antennas.  

If d tends to zero, we obviously do not have a beamformer, but the IRC algorithm can be used anyway if cross polarization is used at the BTS. Like the example above, IRC will only work efficiently for one dominating interferer. Indeed, in [2] it is shown that for polarization diversity, the difference between IRC and other combining methods is not dramatic when two interfering signals are present. For the case of one interferer, the correlation between the polarization directions is insignificant. Indeed, for the example above, the signals are completely correlated, yet the method is very effective. 
The method relies on estimation of the cross-correlation matrices in (1). If estimation errors are present, then the gains of IRC with one interferer is reduced (for physically separated antennas, the null must be put close to the direction of the interferer). Sensitivity to estimation errors should be considered. In many cases there are more interferers, particularly if the network is dense. FH can improve the situation, but one may still have to rely on further reducing the interferers which must then be estimated for each carrier frequency. Hence   
· the improvements supplied by (and  the feasibility of) DSR is questionable. 
3     Dual carrier: independent carriers
Dual carrier with independent carrier spacing is hampered by terminal complexity and IM problems as shown in [3]. However, contrary to DSR, it can coexist with legacy planning and the impact of DC is mainly limited to the user of the DC MS (other users nearby may experience IM products in their receive bands).  
DC UL TX architectures are likely to contain isolators that impose an extra attenuation, so the 100% peak rate increase is at the expense of a poorer coverage at the cell edge. However, in [5] it is shown that for a mature GSM network, the MS_TXPWS is less than the maximum value in most cases for urban scenarios and in 50% for a particular scenario in a rural (GSM 900) environment.      
· TeliaSonera support a DC uplink WID for independent carriers, whilst still recognising that the MS impacts may be severe.  
4     Duplex filters

Duplex filters are perhaps the most promising uplink improvement.

An excellent exposition of the impact of duplex filters is contained in [4]. It is shown that the pass band attenuation may be significant for Type 2 receivers. Obviously, there is always a cost associated with higher rates. Increased PA backoff, reduced PA Efficiency and the use of contiguous TS are major issues, and many duplex filters may not still be able to handle the GSM power levels. However, the results shown in [5] are also applicable here: the TXPWR is often less than the maximum value in practice. 
The RF architecture assumed in [4] contains a Type 1/Type 2 switch, which means that the in-band attenuation for CS speech and Type 1 bearers is marginal. 
· TeliaSonera would like to promote the use of duplex filters for obvious downlink and uplink radio improvements.

5     Dual Carrier: spacing < 1 MHz
DC UL is not compatible with the frequency planning in mature GSM networks. The capacity need varies significantly in different cells, i.e. frequency groups cannot be used then. Carriers are typically spread over the available bandwidth, which is also beneficial for BB FH. 
· TeliaSonera does not support Dual Carrier with spacing less than 1 MHz for the uplink.

6     HOMTC

Finally, just a note on HOMTC, which is feasible for the MS but the gains are still FFS, cf. [6]. It should be noted that the results shown in [5] do also apply here for the back-off problems associated with the higher-order modulation. 
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