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On Orthogonal Sub Channels
1 Introduction

At GERAN #35, a draft work item for Orhogonal Sub Channel (OSC) was presented for information ‎[1]. It was proposed that a work item be started for OSC at GERAN #36.
This contribution contains a discussion about voice capacity enhancements. In particular, aspects of OSC that need further evaluation are discussed.
2 Areas for further study for OSC
An initial evaluation of OSC was presented in ‎[2] but in order to accurately estimate the merits of this technique, more studies are needed. In this section, areas that need further study are discussed.
2.1 Limitations in downlink power control
With OSC, the transmitted power in downlink is divided equally between the two subchannels (a consequence of the use of QPSK modulation). Therefore, even though the users assigned to the two OSC subchannels may have very different radio conditions (path loss etc.), the possibility to use power control is restricted and will likely have to be adapted to the user with the worst radio conditions. This is different from the use of regular (legacy) half-rate channels, for which the Tx power is independent on the two subchannels. The impact of this should be studied through system simulations.

2.2 Downlink DTX
An efficient DTX solution is needed, otherwise the interference will increase in the system. The proposed solution ‎[2] is to use QPSK if both subchannels are active and GMSK if only one subchannel is active. This might work but needs to be further investigated. Is blind modulation detection necessary? Are there any problems related to the diagonal interleaving of speech?

2.3 Requirements on uplink received power
At the BTS receiver front-end, the difference in received power of the two subchannels must not be too large. Otherwise, the reception performance of the weaker signal will be degraded. Uplink power control must be used to reduce the power difference. It should be studied on system level if uplink power control is sufficient to keep the power difference within an acceptable range. This use of power control will also make some MS transmit with a higher power than strictly necessary. The impact on interference levels of this power control needs to be studied.

2.4 Dynamic channel allocation (DCA)

To reduce the impacts of the downlink/uplink power control limitations mentioned above, it is proposed ‎[2] to use DCA. This means that intra-cell handovers are used to pair users with similar radio conditions. However, extensive use of intra-cell handovers will have an impact on speech quality and might in some cases result in an increase in dropped calls. The need for DCA should be addressed and the speech quality impact investigated.

2.5 Use of 270 kHz wide Tx pulse
In the OSC simulations presented so far ‎[2], a spectrally wide Tx pulse (270 kHz), exceeding the current spectrum mask, has been used. The impact on system level of such a spectrally wide pulse in the downlink has been discussed extensively for the RED HOT B feature. So far, GERAN has not been convinced that this is feasible (i.e., that the increased adjacent interference is balanced by the reduced co-channel interference). Ericsson believes that sufficient evidence has been presented that the use of a spectrally wide Tx pulse is feasible for RED HOT B but for a speech bearer, no analysis has been presented so far. The performance with a spectrally narrow Tx pulse (e.g., linearised GMSK pulse) should be studied as well.

2.6 Orthogonality
The OSC concept relies on that the subchannels are orthogonal in downlink. The orthogonality is maintained only if a spectrally wide Tx pulse is used (such as the proposed 270 kHz Hanning windowed RRC pulse), and the time dispersion on the channel is small. If orthogonality is lost, the subchannels interfere each other. The impact of this should be studied (other channel profiles, other Tx pulses). An initial study can be found in ‎[3].
2.7 Single antenna interference cancellation (SAIC)

A SAIC MS can use interference cancellation to cancel one dominant GMSK modulated interferer. If the SAIC MS is assigned an OSC subchannel, the dominant interferer will be the other subchannel. The possibility to cancel other interferers will be limited. It should be addressed whether this impact on SAIC MS is seen as acceptable.

2.8 Legacy MS performance
In ‎[2] it is assessed that legacy MS can receive one of the OSC subchannels (the one using the legacy training sequences) but no simulation results are presented so far. This is a very important property of the OSC concept (without this, radio resource segregation is inevitable) and must be investigated.

2.9 System level gains
The "doubled voice capacity" mentioned in ‎[2] relates to hardware capacity only (i.e., maximum number of users per TRX if speech quality is disregarded). The actual capacity gains of OSC should be simulated on system level taking the above mentioned issues into account.
3 Conclusions
The proposed technique – OSC ‎[2] – has shown some merits but must be evaluated on system level, taking aspects such as power control, DTX, DCA etc into account.
In general, before a new feature is introduced in the 3GPP specifications, a discussion is needed on what the requirements are for the feature. For OSC, the motivation seems to be improved capacity for circuit switched speech services. Whereas voice capacity enhancements are recognised as important by many operators, it should be further clarified what the target is, e.g.:

· Is the main target to improve spectral efficiency or hardware efficiency? I.e., is spectrum or tranceivers the limiting factor?

· Are improvements in sensitivity limited scenarios or interference limited scenarios, or both?

· Should the feature target only new MS or also legacy MS?

When this is clarified, the proposed technical solution(s) should be evaluated and compared against the targets.
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