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On the Link-2-System mapping methodology for VAMOS Optimized Pulse shape
1 Introduction
The DL system level performance achieved when introducing the optimized pulse shape, as proposed in [1], is investigated in [2]. It is shown that the introduction of the optimized pulse shapes gives additional gains between 5 and 21 percentage points in the MUROS-1 system scenario while additional gains between 28 and 41 percentage points are observed for the MUROS-2 scenario. These gains are remarkable and can according to [1] be achieved by a introducing a new pulse shape in the transmitter chain.

Contributions [1], [2], [3], [4] and [6] have however only provided limited information on the L2S methodology used when modeling the optimized pulse shape. The link to system interface is a crucial part of a GSM system simulator as an incorrect interface will give a significant impact on system performance. This contribution has the purpose to highlight some concerns in regards to the L2S model employed in [2] when evaluating the impact of the optimized pulse shapes on system level performance.

2 Concerns

2.1 External interference is always assumed to be GMSK modulated
In [3] and [4] the performance of the L2S interface utilized in the system simulator used in [2] is verified. The verification is completed for interference scenarios MTS-1 and MTS-2 when the carrier is GMSK or QPSK modulated. In case of QPSK modulation the pulse shaping filter is set to LinGMSK or one of the optimized pulse shapes Opt1 or Opt2 [2]. The external interference is assumed to always be GMSK modulated.

Figure 1 depicts the link level performance of a SAIC receiver, demodulating a GMSK modulated carrier exposed to MTS-1 [1] interference. The single external co-channel interferer is either GMSK modulated or QPSK modulated. In case of QPSK modulation, the interferer is pulse shaped with the Opt 1 pulse shaping filter.
Figure 1 shows that the SAIC performance is heavily dependent on the external interferer type. If the L2S interface of a system simulator models all external interference as GMSK modulated, as done in [2], the impact of external QPSK modulated co-channel interference on receiver performance will be underestimated. As VAMOS carriers are QPSK modulated this will have an impact on the simulated system performance, especially when the penetration of VAMOS capable receivers are significant.
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Figure 1 Performance of a SAIC receiver, demodulating a GMSK modulated carrier exposed to MTS-1 interference. The resolution on the C/I axis equals 5dB per tick.

2.2 Adjacent Channel Protection model
In [2] adjacent channel protection, ACP, factors are presented for adjacent interferers pulse shaped with Linearized GMSK pulse shape or one of the optimized pulse shapes Opt1 or Opt2. Given this information combined with the information that all external interference is modeled as GMSK modulated, it is assumed that, in [2], external adjacent interference is modeled as GMSK interference suppressed by an ACP. The ACP is assumed to be given by the pulse shape of the external adjacent interferer in combination with the receiver design and maps the adjacent interferer power to its in-band equivalent.

The ACP value of Table 1 is an example that was derived for a SAIC receiver, as described in [5], and can be used to map the energy of an adjacent interferer, pulse shaped with the Opt 1 pulse, to its equivalent in-band energy.

	SAIC Receiver, Adjacent Interference

	Interferer Pulse
	ACP  [dB]

	Opt1
	13.1


Table 1 ACP Derived for QPSK modulated adjacent interferer pulse shaped with the Opt 1 pulse.

Figure 2 depicts the link level performance of a SAIC receiver, demodulating a GMSK modulated carrier exposed to MTS-2 [1] interference. The blue line depicts the performance when all MTS-2 interferers are GMSK modulated. The red line depicts the performance when the MTS-2 adjacent interferer is QPSK modulated and Opt 1 pulse shaped, while the co-channel interferers are GMSK modulated. The green line depicts the performance of MTS-2 when all interferers are QPSK modulated, and the adjacent interferer is Opt 1 pulse shaped, while the co-channel interferers are Linearized GMSK pulse shaped.

The sum of the in-band relative power levels, see [1], of the MTS-2 interferers have, in all depicted scenarios, been normalized to 0dB. To calculate the in-band power equivalent of the adjacent interferer the ACP of Table 1 was utilized in all three depicted cases. 

A L2S interface that assumes all external interference to be GMSK modulated and maps wide adjacent interference power to an in-band equivalent, would model the performance of the interference scenarios presented by the green and red line with the performance of the blue line. 

The difference between the blue and red line illustrates the estimated model error for a L2S model that assumes that an ACP factor derived for a wide QPSK modulated adjacent interferer can be applied on an assumed GMSK modulated adjacent interferer. The difference between the blue and green line illustrates in addition to this a model error that is due to the assumption that QPSK modulated co-channel interferers can be modeled as GMSK modulated co-channel interferers. 
Again, as VAMOS carriers are QPSK modulated and in [2] optionally pulse shaped with the optimized pulse shaping filter, the described assumptions of the L2S used in [2] will have an impact on the simulated system performance presented in [2].
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Figure 2 Performance of a SAIC receiver, demodulating a GMSK modulated carrier exposed to different types of MTS-2 interference. The resolution on the C/I axis equals 5dB per tick.

2.3 ACP for different receiver types
In [2] a single ACP table has been presented. It is further stated, in [2], that legacy DARP phase I mobiles uses a narrow front end filter while VAMOS aware mobiles uses a wider front end filter. If the ACP shall reflect the ratio between total adjacent interference power and the in-band power of an adjacent interferer, it will be dependent on the receiver front end filter. To model in-band power correctly it is therefore believed that one ACP table is required for each studied MS receiver type, and that a single ACP table is not enough. 

Note that if the ACP is intended to take receiver characteristics, such as interference suppression capabilities into account, one ACP table is required for each receiver, carrier and interferer type combination.
2.4 UL Performance
In [2] DL system performance gains are, as mentioned, up to 41 percentage points, due to the introduction of the optimized pulse shapes. In [2] it is stated that UL performance is simulated and not limiting. With the introduction of DL features such AQPSK modulation, advanced VAMOS receiver types and optimized pulse shapes the DL system capacity has been shown to increase and will, at some point, approach the UL system capacity. As UL was simulated in [2] it would be of immediate interest to see the actual UL performance results, as a reference to the DL performance.
3 Conclusions

In [1] is stated that the L2S interface utilized in [2] models all external interference as if it were GMSK modulated. 
In [2] an ACP table is presented that includes the ACP derived for adjacent interferers, pulse shaped with Linearized GMSK pulse shape or one of the optimized pulse shapes Opt1 or Opt2. It is assumed that the presented ACPs are utilized to model adjacent interferers of arbitrary types as in-band interference of GMSK modulation.
In section 2.1 and 2.2 it is shown that this approach overestimates the link level performance in the MTS-1 and MTS-2 interference scenarios due to introduction of the optimized pulse shape Opt 1. In one of the scenarios investigated the overestimation is in the order of 2.5 dB. This might lead to an overestimation of the gains on system level seen in [2] when introducing the optimized pulse shape in the simulated network.
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