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Impairment Models for VAMOS Interferer Profiles

1 Introduction

The performance requirements for VAMOS uplink still need specification of impairments related to inclusion of timing offsets and frequency offsets. Updated working assumptions [1] have been agreed at GERAN #46, but the point is not yet concluded and some options have been proposed recently [2]. An additional problem with the working assumption has been addressed during VAMOS telco #10 [3] and is presented in the document.

2 Discussion

In Section 1.4 of the working assumptions [1] it is stated with regard to the time and frequency offset model: “The impairments shall only be applied to the VAMOS subchannel allocated a TSC from set 1.” The statement has been rephrased [2]: “The impairments shall only be applied to the VAMOS subchannel 1, i.e. which is allocated a TSC from set 1.” This wording makes the intention more clear, that the TSC is just a means to identify subchannel 1, while there is basically no impact by the selected TSC set itself.

This assumption needs to be questioned because the impact of these impairments strongly depends on SCPIR and neither the weaker nor the stronger subchannel is in fact received without impairments. 

The problem becomes evident only when looking into the details how subchannel 1 is used in the draft CR [4]. Section 6, subsection "b) BTS conditions" states: "For the cases where SCPIR is not equal to 0 dB, the VAMOS subchannel 2 shall have lower power than the VAMOS subchannel 1.The requirements for the receiver performance for speech and control channels in VAMOS mode in tables 1u and 2ac are applicable for both the VAMOS subchannels". These tables specify SCPIR = 10 dB, but not SCPIR = -10 dB, which is not needed because the test runs both SCPIR = 10 dB and SCPIR = -10 dB on the 2 subchannels. This specification is perfectly symmetrical with regard to the weaker and stronger subchannels, except the fact that subchannel 1 is always the stronger subchannel. As long as the notion of subchannel 1 is used only here, this has certainly no  impact and could be just considered as a naming convention.

The fact that subchannel 1 is always the stronger subchannel starts to have consequences as soon as it is used for other purposes as well. According to the working assumption, it has been proposed in Section Q.5 in the Annex Q, that "VAMOS subchannel 1 is offset in time and frequency with respect to VAMOS subchannel 2". This implies that the stronger subchannel with SCPIR = 10 dB is subject to a statistical model for the time and frequency offset, while the weaker subchannel has perfect timing and frequency. When only looking at the relative timing and frequency offset of the 2 subchannels, this does not have impact provided the model for the relative offset is symmetrical (as the timing offset model, while the frequency offset model comes with a positive mean). Furthermore, when looking at the absolute timing and frequency of the 2 subchannels, it is certainly visible that only the stronger subchannel is impaired. Since receivers may take the absolute timing and frequency reference perspective when analyzing the receive signal, their performance may be inappropriately impacted by the different handling of the subchannels when applying the offsets (both time and frequency). In summary, the current working assumption may have implementation dependent impact in a way that the test coverage of the performance test in combination with the impairment model is incomplete with regard to positive and negative SCPIR values. 

In real network operation, the impairments are adversely affecting both subchannels in the same way, regardless of SCPIR. It would therefore be the natural solution to apply an impairment model to both subchannels, especially if implicit testing is preferred and the model is "applied to all VAMOS UL test cases" [1]. In case of dedicated tests, the impairment model might be applied more easily in an asymmetric way, since positive and negative SCPIR could be tested by running the dedicated test twice.

While the MUROS TR 45.914 tried to model typical impairments for network performance estimation, the link performance requirements in TS 45.005 should ensure to keep the link stable even under strongly deviating synchronization. It has to be taken into account that the synchronization impairment is the result of two parallel round-trips from the base station transmitter, going through two different mobile stations which each estimate the time and frequency from the respective received signal (with their own errors) and back to the base station receiver. The MS has to meet TS 45.010 specifications, which are tested in TS 51.010 only with some additional margin and limited test coverage regarding dynamic behavior of the frequency and timing control. Furthermore, the down- and uplink are subject to impact of radio propagation like Doppler shifts and path delays going to the same direction. To maintain the link stability of GSM system also in VAMOS mode, the impairments should be quantitatively challenging. Therefore it should also be worth considering to test for more impairments, e.g. by applying the differential time offset model to each subchannel as proposed in the telco #10 [3]

3 Conclusions

A deficiency of the current working assumption for the impairments has been detected and is analyzed here. Options for improvement of the working assumption are discussed.
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