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Frequency Error Performance Requirement for VAMOS/DARP MS in VAMOS mode
1 Introduction
In VAMOS scenario co-channel interference is created in the system by assigning same physical channel (frequency, time slot) to two different mobile stations (MS). Therefore, in the downlink the network can assigns the same physical resources (e.g. same frequency, time-slot and TDMA frame combination) to two different mobile stations, but allocates them different training sequence codes (TSC) for channel estimation and synchronization. 
Two different mobile support levels are being specified as VAMOS aware mobiles - VAMOS level I and II. These MSes are VAMOS capable and aware of the new set of training sequences defined for VAMOS (TSC Set 2). To get a significant network capacity gain out of VAMOS feature, apart from the pairing among the VAMOS-I and VAMOS-II MSes, the legacy DARP phase I capable terminals are also considered to be paired with the VAMOS-I and II MSes [1]. It has however been shown that problems of dropped call exists in legacy DARP implementation when allocated in VAMOS mode, see [4], [5] and [6]. In the discussion following [4], [5] and [6], it has also been clear that further performance requirements for VAMOS MS might be needed to ensure proper network operation also for these.
This document proposes a new test case intended to make sure that when an MS is declared VAMOS capable, then it will work properly in VAMOS paired mode. The document also discusses on the possibility to apply this to future DARP mobiles, continuing the discussion in [2]
2 Background
Recently during Lab test, it has been observed that when two DARP-I MSes are paired in VAMOS mode then gradually the Softbit Quality (SFQ) values goes high and ultimately the call drops after a while. This phenomenon is observed irrespective of any paired Training Sequences. This is tried with different combinations using MSes from different vendors. The root cause seems to be the synchronization issue. Presently, some of the frequency estimation algorithms implemented in MS SAIC receiver (when I-Q samples are whitened), assumes that the input signal is complex Gaussian in nature and with this assumption; it tries to estimate the frequency error in the input signal. But, when the input signal is changed from GMSK signal to AQPSK signal as used in VAMOS then the frequency errors estimated by the MS are mostly not correct. This leads to gradual BER degradation and finally the call drops. This effect is more severe for SCPIR values close to 0 dB. It is also observed that the effect of frequency error is more severe in VAMOS mode than in non-VAMOS mode. This implies that there is a need of proper frequency error estimation and correction in VAMOS mode to maintain the voice call in VAMOS mode. 
Earlier [2] at GERAN#49 discusses about the need of performance tests for non-VAMOS MS to work in a VAMOS network. Here, in this discussion document, one frequency error test case is proposed to cater to this validation requirement. This test case will be applicable for any VAMOS capable MS, which is intended to work in a VAMOS network and will be paired with any other DARP-I or VAMOS MSes. It is also proposed to consider this as part of an extended DARP class, as proposed in [2].
3 New AQPSK Test Case for VAMOS/DARP capable MS 

In 3GPP TS45.010, [7],it is stated that:

“The MS carrier frequency shall be accurate to within 0.1 ppm, or accurate to within 0.1 ppm compared to signals received from the BTS, except for GSM 400 where 0.2 ppm shall apply in both case (these signals will have an apparent frequency error due to BTS frequency error and Doppler shift)”

There is no differentiation made in the modulation used by the carrier frequency. In the test specifications, [8], currently only GMSK modulation is covered for speech channels and in the current VAMOS workplan [9] the test case on frequency error is not tabled for update.
It is proposed that a new Test Case for VAMOS MSs should be added in TS51.010 to test frequency error requirements using AQPSK modulation, SCPIR = 0 dB. Also, the same will be indicated in 3GPP TS45.005.
It is also the view of the sourcing companies that this test case should be applicable to DARP phase I and possibly DARP phase II as outlined in [2].

As, different MS vendors have different Frequency Estimation algorithm, so for some MS it may work, whereas for some it might not work. In order to harmonize that and secure that the call quality does not degrade due to VAMOS pairing mode for improper frequency estimation, these test case will act a gate keeper and validate the criteria. If any MS satisfies this requirement, then that declares the MS is truly DARP/VAMOS capable MS, which can be paired in VAMOS network. 
3.1 Alternative to AQPSK test

It may so happen that MS vendor does not support VAMOS feature but support DARP-I. So, to avoid the necessity of VAMOS supported test equipment for this verification, it is proposed to also allow the generation of the VAMOS input signal by combining two GMSK signals with one of them phase shifted by π/2 radians.  This signal closely resembles with the pulse shaped AQPSK signal, as can be seen in [3], where two linearly combined GMSK signals and a QPSK signal with Linear Gaussian filter have very similar I-Q characteristics.
(a) The testing steps will be:

(b) Generate two GMSK signals, and phase shift one GMSK signal by π/2 radians.
(c) Combine these two signals. 

(d) The combined signal will act an AQPSK type of signal.
(e) The SCPIR value will be kept at 0 dB e.g. both the input signals should have equal power. 
(f) The composite signal will be fed to the MS under test (DUT).
(g) In this test environment the MS should satisfy the following:
a.  Conformance requirement specified in 3GPP TS51.010 section 13.1.2 for frequency and phase error.
b. The frequency error estimated from the test will be inside the specified required limit as given in 3GPP TS45.010, [7]. 
c. The test duration should be not less than 15 minutes. And the 20 bursts taken for error estimation should be well apart (at east a gap of 100 TDMA frames). 
d. During the test, the frequency error estimated from any GMSK logical channels (e.g. BCCH or SCH) will be of similar value as estimated from AQPSK logical channel (e.g. TCH). 

e. There might be an instantaneous SFQ drop but call should continue.    

The figure 1 depicts the test set up. 
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Figure-1, Alternative test set up for Frequency error in VAMOS mode.
The test requirements and test methods for Frequency error and phase error as specified in 3GPP TS51.010 section 13.1 and 13.2 need to be modified to include the above test method for DARP-I and VAMOS MSes.
4 Conclusion

According to VAMOS WID [1], it is intended that any VAMOS or DARP capable MS will be paired with any other DARP or VAMOS MS, so it is very much essential that the VAMOS/DARP capable MS should work properly in a VAMOS environment. 
It is therefore proposed to add the test case outlined in this paper to the current VAMOS workplan, [9], for VAMOS MS. 
Further, although it has been assumed that there will be no impact of VAMOS on the legacy DARP-I MSes this has shown not to be the case. To satisfy the above assumption on future DARP implementations it is the view of the sourcing companies that it is needed to include the same test case to verify that the DARP capable MS works properly in VAMOS paired mode. An alternative test setup has been described in the paper to minimize impact on testing complexity and test equipment 
The proposed test case will help to make sure that when an MS is considered as VAMOS/DARP capable then it can truly work in VAMOS paired mode.
GERAN WG1 is encouraged to discuss whether the proposed test case is sufficient to cover the problems observed in [4], [5] and [6] and if so, if the additional test cases should apply to both VAMOS and DARP MS classes, as outlined in [2].
5 References

[1] GP-081949, “VAMOS WID”, Source Work Item Rapporteur, GERAN#40
[2] GP-110208: On non-VAMOS MS Performance Requirements
[3] GP-080514: Link level performance for co-TCH (Speech capacity enhancements using DARP)

[4] GP-100760, “Coexistence of DARP Phase I handsets with VAMOS”, Source Huawei Technologies Co Ltd and Vodafone Group Plc, GERAN#46

[5] GP-101346, “Coexistence of DARP phase I handsets with VAMOS”, Source Telefon AB LM Ericsson, GERAN#47
[6] GP-101547, “On Further Observations of Legacy DARP Phase I handsets with VAMOS”, Source ZTE, GERAN#47
[7] 3GPP TS 45.010, “Radio subsystem synchronization”

[8] 3GPP TS 51.010, “Mobile station conformance specification”

[9] GP-110543, “VAMOS Workplan”, Research In Motion.
