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1 Introduction

The concept of Orthogonal Sub Channel (OSC) offers significant voice capacity enhancement by allocation of two calls on the same radio resource [1]. A draft work item description has been presented for information in GERAN #35 [2]. The concept has attracted significant attention especially for developing countries [3]. It has also been considered in WG1 offline discussions, that a work item could be started without a separate study phase, if necessary analysis is performed before starting the work item and as part of it.

This paper analyses aspects of the OSC concept based on DL performance simulations. Two types of legacy MS receivers are considered:

1. Conventional equalizer according to the minimum performance requirements of TS 45.005.

2. Single antenna interference cancellation (SAIC) receiver as characterized in TS 45.005 and TS 24.008 by the MS capability downlink advanced receiver performance (DARP) phase 1. 

Furthermore, OSC performance results for a single antenna “OSC aware” receiver are given. Finally, also the influence of the pulse shaping filter is considered.

2 Simulation assumptions

Simulations are performed for full rate and half rate AMR channels at codec rate 5.9 for channel profile typical urban, terminal speed 3 km/h (TU3) and ideal frequency hopping (iFH) in the 900 MHz band. Sensitivity and DARP test scenarios (DTS) are considered as noise and interference distortions, respectively. 

In this paper, the OSC signal generation and the DARP test scenarios of TS 45.005 have been generalized by assuming the wanted signal and the interfering signals to be a superposition of two orthogonal GMSK signals. Signal generation based on QPSK symbol mapping with (/2 rotation and linearized GMSK pulses has also been performed for comparison and analysis of an alternative TX pulse shape. Results with the linearized GMSK pulse were found very similar to the superposition of orthogonal GMSK signals, as expected. It is stated explicitly in this document if different pulse shaping according to [1] is applied.

Legacy training sequence codes (TSC) are applied to the first sub channel. For the second sub channel, TSC proposed in [1] are assumed. The pair TSC 0 is chosen from the combined TSC set for the simulations.

Models reflecting the impairments of BTS transmitter and MS receiver have been included in the simulations.

Two different types of legacy receivers are taken into account, a conventional MLSE receiver as well as a SAIC receiver (DARP phase 1 capable MS), which is also designated as mono interference cancellation (MIC) receiver. Additionally, a conventional QPSK receiver is applied for “OSC aware” reception according to [1], which can be considered as a joint demodulation receiver for OSC signals.

For performance measurement the frame erasure rate (FER) and the raw bit error rate (raw BER) are displayed over the Eb/N0 or the carrier to interferer ratio (CIR). In case of interference limited performance the CIR for DTS-1 and DTS-2 is related to the dominant interferer designated as C/I1. In case of OSC the power of the wanted sub channel is considered. The orthogonal sub channel is not taken into account.

3 DL performance simulation results

3.1 Sensitivity performance of MLSE and SAIC  receivers

Figure 1 and Figure 2 show the legacy receiver sensitivity performance of downlink OSC-TCH/AFS 5.9 and OSC-TCH/AHS 5.9, respectively. Depicted are raw BER and FER for conventional MLSE equalizer and DARP capable MS with SAIC receiver. For reference purpose the performance of the SAIC receiver for GMSK based TCH channels is added to the figures. 

Both figures show that conventional MLSE receivers cannot cope sufficiently with OSC. The raw BER after equalization remains constant at about 15% for increasing Eb/N0. Thanks to the coding gain the FER reaches an acceptable level < 1% for OSC-TCH/AFS. Acceptable FER cannot be accomplished in the case of OSC-TCH/AHS.

In contrast, legacy SAIC receivers can cope sufficiently with OSC-TCH/AFS and OSC-TCH/AHS channels. In both cases a performance loss of about 5.5 dB can be observed compared to the reference FER for GMSK. 

As a result of comparison, the SAIC receiver performance for OSC-TCH/AFS 5.9 outperforms the SAIC receiver performance for conventional GMSK TCH/AHS 5.9 by 1 dB (8.5 – 7.5 = 1 dB at 1% FER).
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Figure 1: OSC DL sensitivity performance of AMR full rate 5.9
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Figure 2: OSC DL sensitivity performance of AMR half rate 5.9

The generally critical impact of OSC signals on conventional equalizers has also been confirmed by MS performance measurements with a special base station simulator firmware version thanks to Rohde&Schwarz.

3.2 DTS-1 and DTS-2 performance of SAIC and OSC aware receivers

All interference scenarios for the simulated OSC links also assume OSC like interferers. Performance results are shown for legacy SAIC receiver and OSC aware receiver. Additionally, SAIC receiver results for GMSK links are shown for reference purpose.

Figure 3 shows the DTS-1 performance of downlink OSC-TCH/AFS 5.9. The single co-channel interferer scenario DTS-1 is supposed to be more realistic than DTS-2 in the case of networks not operating near the interference limit. 

With OSC a loss of as much as 11 dB is observed for the legacy SAIC receiver compared to the GMSK reference with GMSK interference. The high loss observed here is partly due to the high margin, which is provided by MIC receiver implementation for GMSK single co-channel interferer scenarios of the DARP phase 1 requirements, and which is effective independent of MS speed and frequency hopping. The OSC aware receiver achieves a gain of about 0.5 dB compared to the legacy SAIC receiver.
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Figure 3: OSC DL interference performance of AMR full rate 5.9, DTS-1.

In case of DTS-2 the legacy SAIC receiver shows a loss of about 4 dB compared to the GMSK reference according to Figure 4. The gain of the OSC aware receiver with respect to the SAIC receiver is about 1 dB.
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Figure 4: OSC DL interference performance of AMR full rate 5.9, DTS-2.

In summary, for DL interference limited scenarios according to DTS-1 and DTS-2 the legacy SAIC receiver performs with a small loss < 1 dB compared to the OSC aware receiver.

TX pulse shaping

As part of the OSC concept a new TX pulse shaping has been proposed in [1], which is a Hanning windowed root-raised cosine (RRC) filter with roll-off factor r = 0.3. After Hanning windowing the resulting filter (B = 270 kHz) has a cut-off frequency of about 245 kHz (referring to double-sided bandwidth) according to Figure 5. The proposed filter is not compliant to the GSM spectral mask of TS 45.005, therefore adjacent channel performance and its system impact needs careful consideration. The system impact depends on the network characteristics and is certainly most critical in networks with tight reuse. In the other extreme (thinking of a hypothetical network utilizing only every second GSM channel with scarce frequency reuse) there could rarely be any disadvantage.
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Figure 5: Characteristics of proposed RRC filter [1].
Figure 6 shows the legacy SAIC receiver sensitivity FER performance for OSC-TCH/AFS 5.9. Conventional GMSK pulse shaping is applied as well as the proposed RRC filter.

The receiver performance benefits from the proposed RRC TX filter by about 3 dB at 1% FER. Further simulations are needed to verify the improvement also for interference scenarios.
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Figure : OSC DL sensitivity performance of AMR full rate 5.9, different pulse shapes

4 Conclusions

Two types of legacy MS receivers, dependent on DARP phase 1 support, need to be considered in today’s networks. 

1. Conventional equalizers do not cope sufficiently with OSC and need to be served by legacy GMSK channels. 

2. DARP capable MS show acceptable results close to OSC aware QPSK receivers.

These simulation results confirm the need for DARP capable MS as prerequisite for legacy receivers supporting OSC. DARP phase 1 capability is more and more supported in MS population, since it is just a SW feature for various MS platforms. Therefore quick deployment of OSC can be achieved in emerging markets based on the percentage of DARP capable MS (which can be served by the first sub channel of OSC) and of OSC capable MS (which can be served by both sub channels).

The proposed RRC filter for TX pulse shaping [1] shows relevant performance gain according to the simulation results. The filter characteristics do not match the spectral mask of TS 45.005; therefore the adjacent channel interference performance needs special attention as part of the specification process. In any case OSC with wider RRC filter can provide full capacity gain of up to factor 2 in networks which are not limited by available spectrum and frequency reuse, but mainly by available number of channels per cell. The RRC pulse shape proposed for OSC helps optimizing system performance under these specific network conditions and can therefore be specified as part of OSC work item.
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