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[bookmark: _Ref343596228]Introduction
A new work item on New Training Sequences for GERAN, acronym NewToN, was approved at GERAN#60, see [1].
The work consists of defining new training sequences for both CS and PS services in GERAN with the aim to reduce the cross correlation between TSCs to primarily allow for a more spectral efficient implementation of synchronized GSM networks.
An important part of the work is to derive a common framework which is the focus of both NewToN telco #1 and #2, to take place between GERAN#60 and GERAN#61.
This paper outlines such a framework for the performance evaluation by proposing a number of working assumptions to be discussed and hopefully agreed by 3GPP GERAN WG1.
The paper is an update of a paper presented at NewToN telco#2 taking comments received, and the outcome of the discussion (informal agreements between participants of NewToN telco#2), into account. Updates are highlighted in red.
Proposed framework for performance evaluation
Final performance evaluation
It is important that all companies contributing to the TSC design and performance evaluation has a common framework to follow. I.e. the final performance evaluation that is a basis for the decision on which TSC set to use shall be derived using the same performance evaluation framework.
It is proposed that the performance evaluation shall only be based on simulated performance since different theoretical measures are not guaranteed to reflect actual performance considering different receiver implementations. 
WA 1: The final performance evaluation shall only be based on simulations using a commonly agreed framework. [Agreed at NewToN telco#2]
For a fair comparison of simulated performance from different vendors, it is proposed that a company contributing with a TSC design will not only be committed to evaluate the performance of its designed TSCs, but also the TSC proposals from other companies. With a fixed time window for contributing with TCS designs, all proposed designs will be completed by an agreed deadline and thus can be commonly evaluated by all. 
[bookmark: _Ref377034690]WA 2: If a TSC set is proposed by a contributing company, performance evaluation is required for the proposed TSC set, and all other TSC sets proposed by other companies. [Agreed at NewToN telco#2]
It is further proposed to avoid the situation in VAMOS/EGPRS2-B where multiple designs were sometimes submitted by the same company. Considering that a commonly agreed deadline for submitting proposals is agreed, this “problem” should be easy to avoid. 
[bookmark: _Ref377034695]WA 3: No more than one complete TSC set shall be proposed by each contributing company. [Agreed at NewToN telco#2]
Since the performance evaluation is expected to differ between companies, primarily dependent on different receiver architectures and designs used, it is the view of the sourcing companies that the performance simulated shall reflect a receiver implementation expected in real network operation.
WA 4: Each company evaluating performance shall evaluate the performance using at least one receiver implementation expected in real network operation (which UL/DL receiver architectures to use are not commonly agreed but up to each company performing the evaluation). Only one representative set of performance figures shall be derived from the receiver(s) simulated. [Agreed at NewToN telco#2]
Considering the currently limited commercial availability of EGPRS2 terminals, not all companies having interest in the NewToN feature is expected to have a full receiver chain implemented for EGPRS2-A. It is thus proposed to allow for two levels of performance evaluation according to the agreed framework, one for CS+EGPRS and one for CS-+EGPRS+EGPRS2-A. It should be noted that although some evaluations can be limited to wanted signals using service set, CS + EGPRS, it is still of importance to ensure good cross correlation compared to modulation schemes not supported but that could be present in real network operation. This includes 16QAM and 32QAM on the DL, and 16QAM on the UL.
[bookmark: _Ref377034643]WA 5: Each company evaluating performance shall evaluate the performance in at least one of: CS+EGPRS, or, CS+EGPRS+EGPRS2-A. 
Note: If only CS+EGPRS services are evaluated, the interfering modulation still need to include rotated 16QAM(UL/DL) and 32QAM(DL) with a TSC included.
[Not agreed at NewToN telco#2. Views expressed that it should be allowed to exclude 16QAM/32QAM from the external interference when simulating ‘CS+EGPRS’. WA 22-WA 24 have been changed to take this into account and thus the Note can be removed].
To avoid delay of the work if multiple TSC sets are performing similarly (as was the case in both EGPRS2-B and VAMOS TSC performance evaluation) it is proposed to randomly pick (draw a piece of paper from a bowl, or similar) one of the TSC sets, provided that the final performance figure (see WAs below on how it is defined) does not differ more than 0.1 dB. 
[bookmark: _Ref377034710]WA 6: If the final performance figure (considering all evaluations from all companies) of the best TSC set (a complete TSC design from one company) is less than (<) 0.1 dB better than the second best TSC set, a TSC set is randomly chosen from all TSC sets whose final performance figure is less than 0.1 dB worse than the best TSC set. [Agreed at NewToN telco#2]

Simulation assumptions
It is important for the simulations to capture important aspects of different TSC designs but at the same time limit the simulation effort to the furthest extent possible. Relating to different channel propagation conditions it is expected that the TSC design will primarily be dependent on the delay spread of the channel rather than different MS speed and/or frequency bands. 
[bookmark: _Ref377034775]WA 7: The performance shall only be evaluated in the 900 MHz frequency band. [Agreed at NewToN telco#2]
Relating to the channel propagation conditions it is proposed to use a sub-set of the 3GPP channel conditions used for performance requirements. As already mentioned, the MS speed is not considered of high importance but rather the delay spread of the channel, and especially channel propagation conditions with higher delay spread that extend the inter-symbol interference It is proposed to limit the investigation to the Typical Urban channel for interference evaluations and the TU and HT channel for sensitivity evaluations.
WA 8: The different interferer/noise scenarios shall be investigated in propagation conditions TU50nFH (sensitivity and interference) and HT100nFH (sensitivity). [Agreed at NewToN telco#2]
Further, it is assumed that multi-interferer performance will behave similarly as single interferer performance in the sense that the pair-wise cross correlation between wanted<->interferer signals does not change. To avoid aspects of determining which TSCs of which modulation interferes in a multi-interferer case, it is proposed to limit the evaluation to only single CCI (Co Channel Interference) and single ACI (Adjacent Channel Interference) scenarios for cross correlation evaluation, and sensitivity for auto-correlation evaluation. The rotation of the adjacent channel interferer is roughly ±1.5 (2*2e5*48/13e6) and can thus be seen to give somewhat a similar effects as different modulations (at least compared to the case today when the same antipodal code, but different rotations, is used for all modulations) that both need to be covered in the evaluation framework.
[bookmark: _Ref377034782]WA 9: The performance shall be evaluated in:
· Sensitivity (Auto correlation)
· CCI (Cross correlation)
· ACI at +200 kHz (Cross correlation)
· ACI at -200 kHz (Cross correlation)
[Agreed at NewToN telco#2]
One of the objectives of the WI is that the TSCs “shall be evaluated over a suitable range for the time shift between wanted signal and interferer(s) expected in synchronous networks”. In the current specification there already exist models to model non ideal time synchronization aspects of the GERAN networks. Interferer models for DARP and VAMOS uses asynchronous models for external interference and also for VAMOS UL there is a time and frequency shift model applied to the wanted signals. Considering that the focus in the NewToN work is on synchronized networks, and that most of the asynchronous models in the 3GPP GERAN specifications (DARP and VAMOS test scenarios) are time shifted to the extent that no TSC is overlapping, it is only the model for the two wanted VAMOS signals on the UL that is proposed to be re-used for the work in NewToN. This model is primarily used to model the non-ideal TA behavior on the UL which will not change when the network becomes synchronized.
WA 10: The non-ideal time synchronization model used for VAMOS UL shall apply only for the wanted signals in VAMOS UL simulations [Agreed at NewToN telco#2]
Further, a model is needed for the external interference to fulfil the objectives of using a suitable range of time shifts expected in synchronous networks stated above. There have been earlier investigations on this already in GERAN WG1 during the SAIC feasibility work, see [2] (Discussion paper) and [3] (SAIC TR). Different network configurations were investigated and expected delay profiles were derived for different positions of the user in the cell. An average profile over the cell was also derived which is the one reproduced in Figure 1. It has however been noted that the frequency load (up to 70%) used in the SAIC feasibility is expected to reflect only extreme load situations in current networks. Also, the cell structure used is not the same as typically used in system level evaluations in GERAN today, and the evaluations were only limited to the DL direction. New simulations have thus been carried out to estimate the symbol delay distribution expected in synchronous networks, see [4] for more details.
[image: ]
[bookmark: _Ref375132362]Figure 1. Distribution of symbol delay of external interference.
It can be seen that the negative delays are quite limited, which makes sense assuming that the serving cell in most scenarios is also the cell that is closest to the MS geographically. It can be noted that most of the contribution to negative symbol delays come from the assumption on non-ideal synchronization of the network itself (see [4] for more details).
However, in order to limit the simulations effort, WA 12 is proposed in Section 2.3 which reduces the number of combinations of wanted and interfering TSCs. WA 12 proposes only to simulate the new TSC being assigned the wanted signal assuming that this also covers the combination of a legacy TSC being assigned the wanted signal. This is a straightforward assumption providing that there is no offset between the wanted signal and the interfering signal. However, the investigations in [4] clearly show that this will not always be the case. I.e. if WA 12 is followed together with using the distribution in Figure 1 the case of legacy TSC as wanted signal with a positive delay for the new TSC will not be captured. It is thus proposed to take this into account in the final distribution. It is assumed that both cases are equally important (wanted: new TSC, interferer: old TSC; and wanted: old TSC, interferer: new TSC) and thus the derived distribution is inverted (with regards to delay) and combined with the non-inverted distribution to form a symmetrical final distribution, i.e. , as presented in Figure 2 and Table 1. 
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[bookmark: _Ref376783661]Figure 2. Distribution of symbol delay of external interference.
[bookmark: _Ref376783672]Table 1. Tabulated distribution of symbol delay of external interference.
	Delay [symbols]
	Probability [%]

	
	CCI
	ACI

	±5.5
	0.5
	0

	±5.0
	0.5
	0

	±4.5
	0.5
	0.5

	±4.0
	0.5
	0.5

	±3.5
	1.5
	0.5

	±3.0
	2.0
	1.0

	±2.5
	4.0
	2.0

	±2.0
	5.5
	3.0

	±1.5
	8.0
	7

	±1.0
	9.0
	12.0

	±0.5
	13.0
	14

	0.0
	10.0
	19.5



WA 11: The time shift models (separate models for CCI and ACI) as proposed in Table 4 shall be used in the performance evaluation. 
[Not agreed at NewToN telco#2. Discussion with operators on which scenarios to include is ongoing]
[bookmark: _Ref376783010]Limitations of simulation combinations
To avoid a too extensive simulation effort, the following section contains assumptions on simulation settings that will impact the number of simulations required for the full evaluation.
Although all TSC combinations are to be evaluated it is proposed that only simulations are carried out with the new TSC set assigned the wanted carrier. I.e. it is assumed that similar performance is seen if a legacy TSC is assigned the wanted signal and new TSCs are interfering. 
[bookmark: _Ref377034545]WA 12: Wanted signal: Performance is only evaluated with the new TSC set assigned. [Not agreed at NewToN telco#2]
For the interfering signal it is proposed to capture performance impact of all TSCs (including the legacy set, which also includes the TSC of the dummy burst defined on the C0 carrier).
WA 13: Interfering signal: All TSCs (CCI: All TSCs except the one assigned the wanted signal, ACI: All TSCs) are assumed to interfere each assigned wanted signal (including both legacy TSC set and new TSC sets for different modulations). All TSCs in this regard includes the normal burst TSCs defined in 3GPP TS 45.005 for NSR, as well as the dummy burst as defined in subclause 5.2.6. [Agreed at NewToN telco#2]
Simulation settings
To reach a common view for the simulation settings the following section provides a number of proposals to set the framework on how to derive a performance metric for different TSC proposals.
To limit the simulation length to get sufficient statistics, it is proposed to evaluate the performance using raw bit-error-rate (raw BER) statistics on burst level. It is proposed to evaluate each modulation at an operating point motivated by the service requirement on BLER/FER from [5] (PS: 10 % / 30 % BLER, CS: 1 % FER) for the channel propagation condition TU50nFH. Simulations have been carried out to determine the raw BER level, see Annex B.
[bookmark: _Ref377034811]WA 14: All TSC combinations shall be evaluated at a raw BER level of 5% except for 32QAM where 1 % shall be used. [Agreed at NewToN telco#2]
To set the simulator to achieve the exact raw BER level proposed above is however a tedious task. It is thus proposed to allow an interpolation to derive the exact SINR at the stated raw BER level with the restriction that the cross-over point is at most 1 dB from the simulated points used for the interpolation.
[bookmark: _Ref377034599]WA 15: The raw BER shall be achieved by linear interpolation in logarithmic scale of two simulated points at most +-1 dB from the intersection point. [Agreed at NewToN telco#2]
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Figure 3. Illustration of WA 15.
To collect statistics from the simulations it is proposed to run each point of the simulations using at least 1000 frames (CS: speech frames, PS: radio blocks).
[bookmark: _Ref377034796]WA 16: Each simulation point shall be simulated using at least 4000 bursts. [Agreed at NewToN telco#2]
Collection of results
For a given TSC proposal, a given carrier modulation, and a given interference type, it is proposed that all intersection points are linearly averaged to arrive at an average performance metric. Linear averaging is used to avoid outliers in the set to get a consistently performing TSC set.
[bookmark: _Ref377033956]WA 17: For a given TSC proposal, for each company evaluation: For each simulated carrier modulation, and interference type, all intersection points (dB) are converted to linear values and averaged to arrive at a performance metric. [Agreed at NewToN telco#2]
In order to compare different carrier modulations, interference types and different evaluations from different companies it is proposed to only record (for each given TSC proposal) the dB-deviation of the TSC proposal to the average performance of all proposed sets.
[bookmark: _Ref380156179][bookmark: _Ref377034886]WA 18: For all TSC proposals, for each company evaluation: The dB-deviation of each proposed TSC set from the averaged performance of all TSC proposals is recorded for each carrier modulation and scenario simulated (see WA 17). [Agreed at NewToN telco#2]
Further, all carrier modulations part of the service-set simulated (see WA 5) shall be evaluated in both sensitivity and interference performance. For the interfering modulations it is proposed to only exclude AQPSK modulation on the DL to limit the simulation effort. It is assumed that cross correlation with AQPSK is sufficiently covered by evaluating the two GMSK sets constituting the AQPSK set.
WA 19: For a given TSC proposal, for each company evaluation: All carrier modulations (see WA 5) shall be evaluated in sensitivity. All carrier modulations (see WA5) excluding AQPSK, shall be evaluated in interference.
[Agreed at NewToN telco#2. WA above contains a proposed re-wording after telco#2 to exclude AQPSK in interference limited scenario since optimization is already ensured by the GMSK evaluation].
It is also proposed for VAMOS that only SCPIR=0 dB need to be evaluated, and that only the performance of one of the sub-channels is collected.
WA 20: For a given TSC proposal, for each company evaluation: The carrier evaluation for VAMOS need only be simulated for SCPIR=0 dB (both UL and DL) and need only be evaluated for one of the VAMOS sub-channels. [Not agreed at NewToN telco#2]
[bookmark: _Ref377034748]WA 21: For a given TSC proposal, for each company evaluation: AQPSK shall not be simulated as an interfering modulation. [Agreed at NewToN telco#2. WA has been re-worded due to changes in WA5]
To get a single representative value for a given TSC proposal across all company evaluations, each performance figure derived for each carrier modulation and interference type is proposed to be averaged across different company evaluations. 
Further, all derived performance figures across different company evaluations is proposed to be weighted by a pre-determined weighting factor. The weighting factor is shown in Table 2.
[bookmark: _Ref376162633]Table 2. Weighting factors for different carrier modulations – interference/sensitivity
	Carrier modulation
	Weighting factor

	
	Interference
	Sensitivity

	GMSK (CS and GPRS)
	50 %
	40 %

	AQPSK (VAMOS DL)
	-
	10 %

	8PSK (EGPRS)
	30 %
	20 %

	16QAM (EGPRS2-A)
	10 %
	10 %

	32QAM (EGPRS2-A)
	10 %
	10 %



[bookmark: _Ref377034111]WA 22: For all TSC proposals, across different company evaluations: The derived performance figure for each carrier and interfering modulation, interference scenario (see WA 17 and WA 19) and TSC proposal from each contributing company shall be averaged. [Agreed at NewToN telco#2]
[bookmark: _Ref380157895][bookmark: _Ref377034910][bookmark: _Ref377036607]WA 23: For all TSC proposals, across different company evaluations: The performance figures for all TSC proposals (see WA 22) shall be weighted depending on carrier modulation with: GMSK: 50%; 8PSK: 30%; 16QAM: 10%; 32QAM: 10%. [Not agreed at NewToN telco#2. Pending input primarily from operators]
[bookmark: _Ref380157904]WA 24: For all TSC proposals, across different company evaluations: The performance figures for all TSC proposals (see WA 22) for each carrier modulation shall be weighted across interfering modulations according to: GMSK: 50%; 8PSK: 30%; 16QAM: 10%; 32QAM: 10%. [Not available at NewToN telco#2]
Further, a weighting is needed between the different interference scenarios, i.e CCI, ACI and sensitivity performance. A weight of 25%, 60% and 15% for sensitivity, CCI and ACI respectively is proposed.
It can be noted that the autocorrelation, isolated by the sensitivity evaluation, will also have an impact in all interference evaluations. I.e. in an interference evaluation effects from both autocorrelation and cross correlation will be captured.
[bookmark: _Ref377034448][bookmark: _Ref377036611]WA 25: For all TSC proposals, across different company evaluations: The different propagation profiles and scenarios shall be weighted according to: Sensitivity: 25%; CCI: 60%; ACI-: 7.5%, ACI+: 7.5%. [Not agreed at NewToN telco#2. Pending input primarily from operators]
WA 17-WA 25 provide a tool to derive a single representative performance value for a given TSC proposal across different evaluations from different companies. 
Performance evaluation
In Annex A, a detailed example is given on how to do the performance evaluation, provided the working assumptions listed above.
The assumption in the example is that three companies each propose a TSC set. According to WA 2 and WA 3 this means that all companies need to simulate in total roughly 35e6 frames in total to derive at the single representative values for each company which is then averaged to arrive at the decision on which TSC proposal to accept in the specifications. In this example (see more details in the Annex), the TSC set is set C as the final TSC set.
Table 3. Summary of performance evaluation by different companies.
	TSC proposal

	A
	B
	C

	-0.16
	0.34
	-0.18


Conclusion
A framework for the performance evaluation of NewToN has been proposed. 
The working assumptions have been extensive discussed at NewToN telco#1 and NewToN telco#2 and the status after that discussion has been captured in the present document.
The framework consists of 25 working assumptions that should be discussed and hopefully agreed by 3GPP GERAN WG1.
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Annex A Example of performance evaluation
To better illustrate the proposed working assumptions above, one way of following the assumptions is provided below to better understand the simulation effort and possible way-of-working to derive the performance figures.
All combinations of current and new TSCs are shown in Figure 4. I.e. there are in total (12*8)2=9216 combinations of wanted TSC / interfering TSC. However, the proposed working assumption WA 12 and WA 21 reduces the combinations to evaluate substantially.
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[bookmark: _Ref376175315]Figure 4. TSC combinations
In the following example, the number of TSC combinations is investigated for the case of CS+EGPRS service evaluation (see WA 5). All TSC combinations are captured in Table 4.
[bookmark: _Ref376175550]Table 4. TSC combinations for CS+EGPRS service evaluation.
	Carrier modulation
	

	GMSK
	





	8PSK1
	





	NOTE1: Same number would apply for 16QAM and 32QAM



I.e. a total number of 24/1920/1944 TSC combinations for Sensitivity, CCI and ACI respectively need to be evaluated. Using WA 7-WA 9 + WA 15-WA 16 the total number of frames to be simulated sums up to: 11.7e6 ((24+1920+1944+1944)*2*1000) frames for each TSC proposal simulated.
Let’s assume three companies – A, B and C - have proposed and evaluated all TSC sets.
Company A’s evaluation:
Table 5 shows the absolute performance simulated by Company A for the different scenarios.
[bookmark: _Ref376177770]Table 5.  Absolute performance evaluation for company A, CCI.
	Interferer 
modulation
	Carrier modulation

	
	GMSK
	8PSK

	
	A
	B
	C
	A
	B
	C

	GMSK
	3.4
	4.2
	3.6
	14.3
	15.2
	13.7

	8PSK
	3.7
	4.4
	3.8
	14.7
	15.4
	13.9

	16QAM
	3.4
	4.3
	3.7
	14.6
	15.3
	13.9

	32QAM
	3.7
	4.4
	3.9
	14.8
	15.4
	13.9



Table 6. Absolute performance evaluation for company A, ACI+.
	Interferer 
modulation
	Carrier modulation

	
	GMSK
	8PSK

	
	A
	B
	C
	A
	B
	C

	GMSK
	-14.0
	-14.3
	-15.0
	-4.3
	-5.0
	-3.4

	8PSK
	-13.8
	-14.0
	-14.7
	-4.0
	-4.7
	-3.0

	16QAM
	-14.2
	-14.4
	-15.0
	-4.2
	-5.1
	-3.4

	32QAM
	-13.9
	-14.1
	-14.9
	-4.2
	-4.8
	-3.1



Table 7. Absolute performance evaluation for company A, ACI-.
	Interferer 
modulation
	Carrier modulation

	
	GMSK
	8PSK

	
	A
	B
	C
	A
	B
	C

	GMSK
	-14.2
	-14.4
	-15.1
	-4.4
	-5.1
	-3.5

	8PSK
	-14.0
	-14.3
	-14.9
	-4.0
	-4.8
	-3.3

	16QAM
	-14.4
	-14.4
	-15.1
	-4.4
	-5.1
	-3.5

	32QAM
	-14.1
	-14.5
	-15.0
	-4.1
	-4.9
	-3.4



Table 8. Absolute performance evaluation for company A, Sensitivity.
	Carrier modulation

	GMSK
	AQPSK
	8PSK

	A
	B
	C
	A
	B
	C
	A
	B
	C

	5.0
	6.2
	5.3
	11.0
	12.3
	11.5
	16.0
	16.1
	16.0



For example, to derive at 3.4 dB (for company A’s TSC proposal using CCI + carrier GMSK and interferer GMSK), 4.1e6 (512*2*4000) bursts have been simulated following WA 14-WA 17.
To get the relative performance difference for company A’s evaluation, WA 18 is followed to derive at Table 9 and Table 10.
[bookmark: _Ref376178511]Table 9. Relative performance evaluation for company A - interference.
	Interferer 
modulation
	Carrier modulation
	

	
	GMSK
	8PSK

	
	A
	B
	C
	A
	B
	C

	CCI
	

	GMSK
	-0.3
	0.5
	-0.1
	-0.1
	0.8
	-0.7

	8PSK
	-0.3
	0.4
	-0.2
	0.0
	0.7
	-0.8

	16QAM
	-0.4
	0.5
	-0.1
	0.0
	0.7
	-0.7

	32QAM
	-0.3
	0.4
	-0.1
	0.1
	0.7
	-0.8

	ACI+
	

	GMSK
	0.4
	0.1
	-0.6
	-0.1
	-0.8
	0.8

	8PSK
	0.4
	0.2
	-0.5
	-0.1
	-0.8
	0.9

	16QAM
	0.3
	0.1
	-0.5
	0.0
	-0.9
	0.8

	32QAM
	0.4
	0.2
	-0.6
	-0.2
	-0.8
	0.9

	ACI-
	

	GMSK
	0.4
	0.2
	-0.5
	-0.1
	-0.8
	0.8

	8PSK
	0.4
	0.1
	-0.5
	0.0
	-0.8
	0.7

	16QAM
	0.2
	0.2
	-0.5
	-0.1
	-0.8
	0.8

	32QAM
	0.4
	0.0
	-0.5
	0.0
	-0.8
	0.7



[bookmark: _Ref380320546]Table 10. Relative performance evaluation for company A - sensitivity.
	Carrier modulation

	GMSK
	AQPSK
	8PSK

	A
	B
	C
	A
	B
	C
	A
	B
	C

	-0.5
	0.7
	-0.2
	-0.6
	0.7
	-0.1
	0.0
	0.1
	0.0



Company A’s, B’s and C’s evaluation:
All companies would arrive at performance tables as Table 9 and Table 10. 
WA 22 is then followed to average all performance tables to a single table representing the relative performance evaluation from all companies.
It can be noted that not all combinations need to be evaluated by all companies. For example, if 16/32QAM is not simulated as neither carrier modulation nor interfering modulation, it would result in less samples to average when deriving those cells in Table 11. 
[bookmark: _Ref380158993]Table 11. Relative performance evaluation for all companies - interference.
	Interferer 
modulation
	Carrier modulation

	
	GMSK
	8PSK
	16AM
	32QAM

	
	A
	B
	C
	A
	B
	C
	A
	B
	C
	A
	B
	C

	CCI

	GMSK
	-0.3
	0.6
	-0.3
	-0.4
	0.8
	-0.4
	-0.3
	0.6
	-0.3
	-0.4
	0.6
	-0.2

	8PSK
	-0.4
	0.6
	-0.2
	-0.1
	0.7
	-0.6
	-0.4
	0.6
	-0.2
	-0.4
	0.6
	-0.2

	16QAM
	-0.2
	0.5
	-0.3
	-0.4
	0.8
	-0.4
	-0.2
	0.4
	-0.2
	-0.3
	0.6
	-0.3

	32QAM
	-0.3
	0.5
	-0.2
	-0.2
	0.8
	-0.6
	-0.3
	0.5
	-0.2
	-0.3
	0.5
	-0.2

	ACI+

	GMSK
	0.3
	0.0
	-0.3
	-0.1
	-0.8
	0.9
	0.3
	0.0
	-0.3
	0.3
	0.0
	-0.3

	8PSK
	0.4
	0.0
	-0.4
	-0.5
	-0.5
	1.0
	0.4
	0.1
	-0.5
	0.3
	0.1
	-0.4

	16QAM
	0.2
	0.1
	-0.3
	-0.1
	-0.8
	0.9
	0.2
	0.1
	-0.3
	0.2
	0.2
	-0.4

	32QAM
	0.5
	0.1
	-0.6
	-0.6
	-0.4
	1.0
	0.4
	0.2
	-0.6
	0.5
	0.1
	-0.6

	ACI-

	GMSK
	0.6
	0.0
	-0.4
	-0.1
	-0.4
	0.5
	0.6
	0.0
	-0.4
	0.6
	0.0
	-0.4

	8PSK
	0.4
	0.0
	-0.6
	-0.3
	-0.6
	0.9
	0.3
	0.1
	-0.4
	0.4
	0.1
	-0.5

	16QAM
	0.4
	0.1
	-0.5
	-0.1
	-0.4
	0.5
	0.4
	0.1
	-0.5
	0.4
	0.2
	-0.6

	32QAM
	0.3
	0.2
	-0.5
	-0.2
	-0.7
	0.9
	0.3
	0.2
	-0.5
	0.3
	0.2
	-0.5



Table 12. Relative performance evaluation for all companies - sensitivity.
	Carrier modulation

	GMSK
	AQPSK
	8PSK
	16QAM
	32QAM

	A
	B
	C
	A
	B
	C
	A
	B
	C
	A
	B
	C
	A
	B
	C

	-0.3
	0.2
	0.1
	-0.4
	0.5
	-0.1
	0.0
	0.1
	-0.1
	-0.4
	0.3
	0.1
	-0.2
	0.2
	0.0



WA 23 and WA 24 are then followed to get a single representative value for each company in each interferer scenario.
Table 13. Relative performance for all companies in different interferer/noise scenarios.
	Scenario
	A
	B
	C

	CCI
	-0.3
	0.6
	-0.3

	ACI+
	0.2
	-0.1
	-0.1

	ACI-
	0.3
	-0.1
	-0.2

	Sensitivity
	-0.2
	0.2
	0.0



Following WA 25 the final performance figure is shown in Table 12. 
[bookmark: _Ref379529947]Table 14. Final performance figures from company A’s performance evaluation.
	A
	B
	C

	-0.16
	0.34
	-0.18



It can be seen that company C performs superior to both company A and company B. However, the margin to company A is < 0.1 dB and thus according to WA 6 one out of TSC set A and TSC set C is chosen randomly. 
· The TSC from company A is chosen.
Annex B Determination of raw BER level based on service requirement
The following simulations have been performed to determine a suitable Raw BER level to be used for the TSC evaluation. The chosen Raw BER level is related to the service requirement used in [5], i.e. for PS channels a BLER level of 10/30% is used, for CS channels a FER level of 1% is used.
Naturally, since several MCSs/codecs are defined for the same modulation, using quite different channel coding properties a Raw BER level that fulfils all MCSs/codecs is not possible to find.
Further, it should be noted that the relative performance difference between different codecs is relatively unaffected by different SINR regions except for MCSs/codecs where an error floor is experienced (typically the highest MCS in an MCS set).
Based on the simulations below, and the respective service requirements, it is proposed to use a Raw BER level of 5% for the simulations for all modulations, except for 32QAM where a 1% level is proposed. The different level for 32QAM is motivated by the fact that only DAS-11 and DAS-12 utilizes this modulation scheme and both these MCSs have little redundancy in the channel coding resulting in tendency to get an error floor that impacts the overall performance.
[image: ]
Figure 5. BLER vs Raw BER – GMSK.
[image: ]
Figure 6. BLER vs Raw BER – 8PSK.
[image: ]
Figure 7. BLER vs Raw BER – 16QAM
.[image: ]
Figure 8. BLER vs Raw BER – 32QAM.
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