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Introduction
At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC)  was approved, see [1].
One objective is to “Scale to support a massive number of MTC Mobile Stations”, this is evaluated by system level simulations in the study. 
One part of the system level evaluations is to use an accurate model of the link level performance.
This paper describes the methodology used for the EC-PDTCH evaluations for EC-GSM.
This contribution is an update of GPC150441 [4]. The main change is that an L2S verification model based on earlier system level simulations from BCCH layer simulations when mixing PS and CS services have been added. Also some more elaboration on the methodology chosen is provided.
Traditional modeling
Traditionally in system level simulations, the link level performance is modeled by one or several mapping tables. In GSM, a common way of mapping performance from instantaneous C/I values to Block Error Probabilities (BLEP) is to use a two-stage mapping.
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[bookmark: _Ref416249997]Figure 1. Traditional mapping methodology for GSM
The first stage maps instantaneous SINR per burst to raw BER. This will consider impairments of different kinds, demodulator performance etc. At least one mapping per modulation is required. For more advanced receivers (that use for example interference suppression) more than one mapping table is required. Four instantaneous C/I values are collected for PS services in GERAN, representing the four bursts of a radio block.
The second stage typically maps the mean and standard deviation of the raw BER values of the different bursts (four bursts in case of a radio block) to a Block Error Rate Probability (BLEP). This is to reflect the impact of the channel coding of the MCS. Typically one mapping is required per MCS.
[bookmark: _Ref416349312]Methodology
Principle 
The traditional methodology is followed for the PDTCH capacity evaluations with details as given below:
· The receiver in the UL is a 2-branch Maximum Ratio Combining (MRC) type receiver.
· The receiver in the DL is a 1-branch receiver.
· Only MCS-1-4 is modeled (the low complexity implementation option in EC-GSM)
· Repetitions of MCS-1 is supported for extended coverage
· Both interference and sensitivity limited performance are modeled
Mapping tables
First stage mapping (SINR  BER)
The mapping tables used for the first stage mapping are based on single antenna performance. Impairment models, e.g. frequency offset, according to the ongoing study are used in the generation of the results. Since only one modulation type and one demodulator is considered there is no multitude of mapping tables for this reason. 
No separate mapping is used for repeated bursts (see how SINR is derived in this case in Section 3.3).
The mapping is done by linear interpolation of a tabulated SINR to BER values from link level simulations.
Two different mappings are used; one to represent interference limited scenarios, and one for sensitivity limited scenarios.
The different mapping tables are applied on a burst-by-burst basis. I.e. for a specific radio block, which consists of four bursts, some of the bursts could be taken from the interference mapping, and some from the sensitivity mapping.
An 18 dB suppression of adjacent channel interference is assumed to arrive at a corresponding co-channel interference level, in order to define SINR consistently. The same suppression is used in the system level simulations.
No specific interference suppression is used by the receiver, and hence no advanced mapping methodology with for example dominant-to-rest-of-interferer ratio is needed, as used for example in the SAIC study is needed. 
Second stage mapping (BER  BLEP)
The second stage mapping is generated per used MCS. That is, one mapping is generated for MCS-1, MCS-2, MCS-3 and MCS-4 respectively.
This mapping is only dependent on the input bit error rates (BER), and hence the BER from both the sensitivity and interference limited first stage mapping is using the same second stage mapping.
To capture the impact on the error correction capabilities by the different code rates of the MCSs both the average BER and the standard deviation of the BER over the four bursts are collected. A high standard deviation indicates more diversity, and is typically favorable for MCSs with low enough code rate, while the opposite is true for MCSs with code rate close to 1.
Mapping choice
With these mappings Figure 1 can be expanded to what is shown in Figure 2. 
In the first stage mapping the mapping table is chosen based on sensitivity or interference per burst and instantaneous SINR value. In the second stage mapping, the mapping table is chosen based on the MCS used by the radio link.
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[bookmark: _Ref416250024]Figure 2. L2S methodology and mapping selection
[bookmark: _Ref416352602]SINR handling
Blind repetition
In EC-GSM blind repetitions are performed when in extended coverage.  At the receiver side, the blind repetitions can be accumulated on IQ level or on soft bit level. How the receiver handles the multiple repetitions being received is implementation dependent.  To model this in a straightforward way the following approach is taken.
First, assume that the wanted signals are added coherently. This is the case for the EC-GSM simulations that have so far been provided within the study. The propagation channel is stationary/close to stationary during the IQ accumulation, so that coherent accumulation can be performed. This implies that the amplitudes of the signals are added, but the interfering signal/noise are added in terms of their powers, here the interference/noise is represented by n.  Assume further that a weight can be put to the received signals when combined and that noise is limiting the performance. This is shown in eq. 1.
   (1)
The combined SINR is maximized when the derivative of eq 1 is 0.
   (2)
This gives the result in eq. 3.
    (3)
Insertion into eq 1 yields eq 4.
    (4)
Hence, the maximization of SINR occurs when the linear SINRs are summarized.
It can be noted that for EC-GSM and coherent IQ accumulation, s1 and s2 would be identical, and hence it is the ratio of interfering levels that is of importance for the signal combinations.
Equation 4 is used to model the accumulation of IQ samples and/or soft bits when using blind repetitions in the system level simulator.
The model in Figure 1 has been modified to describe this aspect in Figure 3.
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[bookmark: _Ref416345099]Figure 3. SINR handling for MRC and blind repetition.
MRC (uplink only)
Since the first stage mapping tables are based on single antenna performance, a conversion from single antenna SINR to experienced SINR by the uplink MRC receiver is needed.
This is modeled by eq. 5.
  (5)
Verification
Simulation assumptions
General
Link level assumptions are listed in Table 1.

[bookmark: _Ref274661437]Table 1. Link level simulation assumptions
	Parameter
	Value

	Propagation condition
	TU1.2nFH

	MCS
	MCS-1
MCS-2
MCS-3
MCS-4

	Impairments
	Typical Tx/Rx

	# transmissions
	1, 2, 4, 8, 16

	Number of frames
	20,000 (LLS)
50,000 (L2S)

	Interference/noise
	AWGN
CCI
DTS-2, see [2]
WIDER-1 BCCH NB, see [5]
CCI+AWGN
DTS-2+AWGN


Interference scenarios
Both strictly noise limited and interference limited scenarios are investigated. Interference limited scenarios are represented by single co-channel interference, and a mix of co-channel and adjacent-channel interference (DTS-2 and WIDER-1).
The DTS-2 scenario was defined when performance requirements were introduced for DARP Phase I, and was derived based on system level simulations. Later, this interference scenario has been shown to give similar profiles for example for VAMOS networks in earlier studies, see [3]. This interference scenario is considered to be representable also for EC-GSM. 
Table 2. DTS-2 interferer scenario
	Interferer type
	Relative interferer 
power [dB]

	CCI
	0

	CCI
	-10

	ACI
	+3

	AWGN
	-17



The WIDER-1 scenario was defined when investigating the introduction of a spectrally wider pulse shape for PS services. The scenario investigated fits very well with the intended operation for EC-GSM. The resource allocation of the scenario is depicted in Figure 5 using a mix of CS allocation and PS allocation.
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[bookmark: _Ref424130677]Figure 5. WIDER-1 resource allocation
The derived interferer profile is shown in Table 3 for the baseline system configuration, i.e. not having a spectrally wide pulse shape introduced.
[bookmark: _Ref424133988]Table 3. WIDER-1 interferer scenario
	Interferer type
	Relative interferer 
power [dB]

	CCI
	0

	CCI
	-3

	ACI
	+8

	ACI
	+6

	AWGN
	-28



Also, variations from CCI and DTS-2 have been investigated to investigate the performance when having a mix of thermal noise component and interference. This is achieved by varying the interference to noise ratio (I/N0). This is mainly done to stress the methodology taken by having separate mapping for sensitivity and interference limited scenario, i.e. that also in scenarios where performance is combined from both mappings, it is still in accordance with the link level performance.
Performance verification for uplink 
Sensitivity
In Figure 6 the link level simulation (LLS) results are compared to the Link-to-system mapping approach described in Section 3. As can be seen, the agreement is good with a difference of less than 0.4 dB. 
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[bookmark: _Ref416349274]Figure 6. Link Level Simulations (LLS) in sensitivity compared to Link-to-system mapping (L2S).
CCI
In Figure 7 the performance of the single co-channel interferer case is verified. For MCS BLER, a good agreement can be observed for most cases. For the worst case, less than 0.5 dB difference is seen except for MCS-4 where the difference is less than 1 dB.
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[bookmark: _Ref416350000]Figure 7. Link Level Simulations (LLS) in CCI compared to Link-to-system mapping (L2S).
DTS-2
In Figure 8 the performance of the DTS-2 case is verified. For the worst case, less than 0.5 dB difference is seen except for MCS-4 where the difference is less than 1 dB.
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[bookmark: _Ref422873819]Figure 8. Link Level Simulations (LLS) in DTS-2 compared to Link-to-system mapping (L2S).

[bookmark: _Ref416351096]WIDER-1
In Figure 9 the performance for the WIDER-1 case is verified. For the worst case, less than 0.6 dB difference is seen, except for MCS-4 where the difference is 0.8 dB.
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[bookmark: _Ref426382389]Figure 9. Link Level Simulations (LLS) in WIDER-1 compared to Link-to-system mapping (L2S).
CCI+AWGN
To investigate how the mapping perform in a mix of thermal receiver noise and interference, a single co-channel interference scenario was generated with a noise level added (I/N0) relative to the interference at either -10, 0 or +10 dB. The results are shown in Figure 10. The different markers (square, round, none) denote I/N0 = +10, 0 and -10 dB, respectively. The difference in performance is at most 0.6 dB except for MCS-4 where the difference is at most 1 dB.
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[bookmark: _Ref422874328]Figure 10. Link Level Simulations (LLS) in CCI+AWGN at different I/N0 levels compared to Link-to-system mapping (L2S). The different markers (square, round, none) denote I/N0 = +10, 0 and -10 dB, respectively.
DTS-2+AWGN
Considering that adding multiple interferers will destroy the signal structure to more appear like noise at the receiver, the exercise in Section 4.2.4 was repeated for the multi-interferer scenario DTS-2 where both multiple co-channel interferers, and a mix of co-channel interference and adjacent-channel interference is modeled. The results are shown in Figure 11. The different markers (square, round, none) denote I/N0 = +10, 0 and -10 dB, respectively. The agreement in performance is seen to be within 0.7 dB except for MCS-4 where the difference is up to 1.1 dB.
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[bookmark: _Ref416351264]Figure 11. Link Level Simulations (LLS) in DTS-2+AWGN at different I/N0 levels compared to Link-to-system mapping (L2S). The different markers (square, round, none) denote I/N0 = +10, 0 and -10 dB, respectively.
Performance verification for downlink
Sensitivity
In Figure 12 the link level simulation (LLS) results are compared to the Link-to-system mapping for downlink sensitivity. As can be seen, the agreement is good with a difference of less than 0.6 dB except for MCS-1 with 16 repetitions where the difference is 1 dB at 1% BLER. 
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[bookmark: _Ref422389737]Figure 12. Link Level Simulations (LLS) in sensitivity compared to Link-to-system mapping (L2S).
CCI
In Figure 13 the performance of the single co-channel interferer case is verified. A good agreement can be observed. Less than 0.6 dB in difference is seen except for MCS-1 with 16 repetitions where the difference is 0.9 dB at 1 % BLER.
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[bookmark: _Ref422389795]Figure 13. Link Level Simulations (LLS) in CCI compared to Link-to-system mapping (L2S).
DTS-2
In Figure 14 the performance of the DTS-2 case is verified. A good agreement can be observed. Less than 0.6 dB in difference is seen except for MCS-1 with 16 repetitions where the difference is 1.1 dB at 1 % BLER.
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[bookmark: _Ref422874844]Figure 14. Link Level Simulations (LLS) in DTS-2 compared to Link-to-system mapping (L2S).
WIDER-1
In Figure 15 the performance for the WIDER-1 case is verified. For the worst case, less than 0.6 dB difference is seen.
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[bookmark: _Ref426382609]Figure 15. Link Level Simulations (LLS) in WIDER-1 compared to Link-to-system mapping (L2S).
CCI+AWGN
The results in Figure 16 show that the difference in performance is usually less than 0.5 dB. For MCS-1 with 16 repetitions and negative I/N0, the difference is slightly above 1 dB at 1 % BLER.
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[bookmark: _Ref422390305]Figure 16. Link Level Simulations (LLS) in CCI+AWGN at different I/N0 levels compared to Link-to-system mapping (L2S). The different markers (square, round, none) denote I/N0 = +10, 0 and -10 dB, respectively.
DTS-2+AWGN
The results in Figure 11 show a difference of usually less than 0.5 dB. For MCS-1 with 16 repetitions and negative I/N0, the difference is slightly above 1 dB at 1 % BLER.
[image: ]
Figure 17. Link Level Simulations (LLS) in DTS-2+AWGN at different I/N0 levels compared to Link-to-system mapping (L2S). The different markers (square, round, none) denote I/N0 = +10, 0 and -10 dB, respectively.
Conclusion
This document has described and verified the link performance methodology used for EC-GSM PDTCH capacity simulations. 
Both sensitivity and interference limited scenarios have been verified, as well as scenarios where a mix of single or multi interferer and noise is observed.
Both uplink and downlink have been verified with and without blind transmissions.
Good agreement in performance of less than 0.5 dB is seen in the majority of cases. In a few cases the difference is slightly above 1 dB.
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