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1. 
A necessary component in assessing any evolution of the GERAN uplink is the compatibility objective specified in section 4.3 of the GERAN Evolution Technical Report [1] that new proposals “avoid impacts in existing BTS, BSC and CN hardware” and “enable use of already existing hardware and only require a software upgrade”.
The Dual Symbol Rate (DSR) proposal for GERAN uplink evolution represents an interesting approach to uplink enhancement, which potentially offers a significant advantage over uplink dual-carrier techniques in terms of terminal architecture impact. At first sight, however, even if additional baseband signal processing requirements (e.g. dual-rate interference rejection equalization, evolved burst detection etc.) for DSR are neglected, the necessary modifications of the receiver channel bandwidth and pulse shaping requirements suggest that new BTS transceiver (TRX) hardware deployments would be required.
In an effort to address this concern, creative alternative approaches to DSR receiver synthesis using legacy TRX hardware – such as that discussed in Section 9.7.1 of [2] – were discussed at GERAN#28, based on modifications of deployed dual-carrier TRX architectures. This document briefly assesses the feasibility of re-configuring dual-carrier legacy architectures as a means of synthesising a DSR receiver.
2. Discussion
Figure 4 (Appendix A) shows a conceptual dual-carrier, dual-port BS receiver. The illustrated architecture is a dual-conversion type, but other methods including IF under-sampling architectures and in some cases direct conversion techniques are also applicable. In the figure, conventional-rate symbol streams (i.e. GMSK or 8PSK modulated streams at a symbol rate of 
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) are received on carrier frequencies 
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 on each of two antenna ports before being transferred to the baseband DSP resource at an assumed rate of ‘2x’ times the nominal symbol rate.

Figure 5 (Appendix A) further illustrates in outline how the architecture of Figure 4 might be re-configured according to e.g. [2] to permit direct synthesis of a DSR receiver.  In this case both receiver ports sourcing from antenna 0 (‘DSR Branch 0’), and both receiver ports sourcing from antenna 1 (‘DSR Branch 1’), are nominally associated with the single DSR centre frequency 
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. The ports associated with a single antenna are, however, frequency offset from the nominal DSR centre frequency 
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Importantly, this re-configuration of Figure 4 is conditioned on the availability of a single pooled DSP resource (possibly constructed from multiple individual processors with high-speed inter-connect). Notably, such an architecture may not be commonly available especially in older TRX installations, in which case DSR receiver synthesis from a dual carrier TRX appears infeasible. It is also important to recognise that many legacy architectures are incapable of synthesising arbitrary frequency offsets 
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, and are limited to a finite set of architecture-dependent discrete frequencies 
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Conceptually, as shown in Figure 1, on each antenna branch the configuration of  Figure 5 seeks to realise the filter 
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 (neglecting causality etc. for convenience) matched to the DSR SRRC transmit pulse shaping filter 
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Figure 1 – Conceptual matched filter and equalizer.
Neglecting the channel and noise plus interference aspects, the DSR synthesis approach of Figure 5 may be viewed conceptually as shown in Figure 2. Here, the DSR symbol sequence 
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 is subject to pulse-shaping by filter 
[image: image15.wmf]()

Dz

 and then observed by two receiver channels. The first channel frequency-shifts the received DSR signal by 
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 normalised to the sample rate, assumed to be 
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) prior to filtering by baseband filter 
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, while the second channel frequency shifts the DSR waveform by 
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 prior to filtering by baseband filter 
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Figure 2 – Dual-channel realisation of 
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The filters 
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 may represent solely the combination of the frequency responses of the analogue filtering response and composite filtering and decimation (CFD) stages of Figure 4 and Figure 5. Alternatively, 
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 may include further filtering executed in the common baseband DSP resource. The need for such processing is determined by the extent to which the CFD stages are capable of supporting – by filter coefficient bank selection or programming – arbitrary frequency responses, since the synthesis filters 
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 likely would not have the same response as dedicated single-carrier filters. This need is further dependent on the requirement for filters 
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 to support frequency responses which are not conjugate symmetric, which in turn implies complex-valued CFD filter coefficients. Again, such a capability may not necessarily be supported in legacy architectures.
Notwithstanding these architectural impacts, a DSR equalizer may be defined which operates directly on the observations at interface ‘A’ in Figure 2, or – as also shown in Figure 2 – a single DSR-sampled stream may be synthesised by further frequency-shifting and combining the observations at the output of 
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 and then offering the resulting combined sequence to the equalizer.

Note that regardless of whether the DSR observation stream is explicitly or implicitly reconstructed in the equalizer metric computations, some additional load on the shared DSP resource results, and additional DSP memory space is required. In the case of explicit reconstruction, however, and assuming that the frequency down-conversion following 
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 is set equal to the original normalised observation frequency offset 
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 (this need not necessarily be the case), the frequency response 
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 of the resulting composite filter designed to match 
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Conventional filter bank theory provides a formal approach to optimising 
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 to minimise a specified error metric (e.g. sum square error, minimax, etc.) with respect to 
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. The result of a sub-optimum but convenient ad hoc approach appears in Figure 3, which compares the magnitude frequency response of the DSR pulse shaping filter to the magnitude response 
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 resulting from specifying  both 
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 as real-valued SRRC filters (at a conventional 1x reference symbol rate 
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Figure 3 – Example sub-optimum, dual-channel realisation 
of DSR SRRC matched filter.
It can be seen that the synthesised response is reasonably well matched to the DSR pulse shape (to within approximately 1dB error over the passband), even through the synthesis filters are constrained to be real-valued. It is assumed, however, that an arbitrary frequency offset 
[image: image50.wmf]D

 is realisable, along with the per-channel SRRC frequency response.
3. Conclusions

Synthesising a DSR receiver using a dual-channel BTS receiver architecture is not inconceivable, and – given the clear benefits to the MS architecture of avoiding dual-carrier transmission – a more detailed assessment of the approach may be worthwhile.
Nevertheless, a number of requirements on the BTS TRX receiver architecture emerge. The TRX, or TRX’s, supporting both conventional uplink carriers to be pooled to form the DSR channel must
1. support baseband DSP resource sharing between carriers, or at least support high-speed data interconnection between DSP resources dedicated to each carrier,
2. synthesise in the composite filtering and decimation (CFD) hardware stages, modified per-channel synthesis filters 
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 which are likely distinct in frequency response (and possibly real/complex coefficient representation) from deployed TRX configurations,
a. or must apply further filtering in addition to the CFD stages in the pooled baseband DSP resource. This may not be supportable by available MIPS or memory resources,
b. and must ensure that the per-channel synthesis filters are compliant with existing adjacent and alternate channel interferer rejection and blocking specifications,
3. support per-channel frequency offsets consistent with the requirements of the per-channel synthesis filters, which would likely not be coincident with the conventional 200kHz channel raster.
Critically, all of these requirements must be simultaneously met while the additional complexity of the DSR equalizer is also supported. In Motorola’s current view, it is therefore highly unlikely that the dual-channel synthesis approach can be assumed to be supported by “already existing hardware and only require a software upgrade” as specified by [1]. This is especially true of older deployed TRX’s.
Nevertheless, given the technical challenges associated with dual-carrier uplink operation, it may be worthwhile to re-assess the constraints specified in the Technical Report [1] on permissible BTS hardware impacts.
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5. Appendix A
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Figure 4 – Conceptual dual-port, dual-carrier TRX receiver architecture.
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Figure 5 – TRX reconfiguration for DSR receiver synthesis.




































� Of course, functional architectures at 1x-oversampling are also possible.
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