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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.
The new TSC sets are referred to as Set 3 and Set 4 for GMSK modulation (two sets introduced double the TSC sets in the CS domain), while for other modulations referred to as Set 2.
A performance evaluation framework has been agreed (see reference [2]) to be able to select among different TSC proposals. Currently, there is only one TSC proposal available (see reference [3]), but the framework can also be used to compare a TSC proposal to the legacy TSC sets. In Annex A, a relative performance comparison according to the framework is shown. The final metric (basically a weighted average of the performance with all possible combinations of TSCs for carrier and interferer in various scenarios) for the new TSC set is found to be 0.7 dB better than legacy when including TSC set 2 for GMSK, and 1.5 dB if only TSC set 1 from all modulations are considered.
Whereas this is an attractive improvement, it may not fully reflect the expected gains of NewToN. One important aspect of extending the set of training sequences is that it increases the possibilities of TSC planning so that under-performing TSC combinations can more easily be avoided.
In this contribution, the following aspects of using an extended TSC set are investigated:
· The benefits of extended TSC sets for TSC planning are investigated:
· In Section 2, the impact of co-TSC interference – interference from an interferer with the same TSC as the wanted signal – is studied on link level based on system level statistics.
· In Section 3 system level simulations using TSC planning with current and existing TSC sets are evaluated both in a non-VAMOS and VAMOS network scenario
· The benefit of extended TSCs sets according to the agreed performance framework is presented in Section 4
The paper is an update of GP-140589. The updates are highlighted in red and consist of additional results on system level by evaluating NewToN together with VAMOS which was agreed at GERAN#63 in the exception sheet, see [5], to be the remaining part of the NewToN work:
· “What is left of the work is to quantify and agree on the performance benefits on system level brought by the feature by additional performance evaluation of the VAMOS feature with NewToN TSCs.”
[bookmark: _Ref396765482]Impact of co-TSC interference
Introduction
Figure 1 illustrates an extreme example of the impact of co-TSC interference. An IRC receiver interfered by a single co-channel interferer has been simulated. The interferer is synchronized to the carrier but has a propagation delay according to the agreed propagation delay model for NewToN.
In the “Co-TSC” case, the interferer always has the same TSC as the carrier, whereas in the “Other TSC” case, the interferer TSC is randomly chosen from the other seven TSCs in GMSK set 1.
At 1% FER, the difference between the two curves is about 18 dB. Even though this is in an extreme scenario, it is obvious that co-TSC interference is very detrimental to IRC. Similar results (not shown here) have been noticed for a SAIC receiver.
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[bookmark: _Ref396319352]Figure 1: FER vs C/I with single CCI.
[bookmark: _Ref396332541]System model of co-TSC interference
To assess the impact of TSC planning to reduce co-TSC interference in real networks, the following approach has been taken:
1. For a given network, TSC planning is performed seeking to avoid strong co-TSC interference. Two different TSC plans were derived using eight TSCs (corresponding to the legacy case without VAMOS) and 16 TSCs (corresponding e.g. to the case of extended TSC sets), respectively. The TSC planning algorithm is proprietary but should be seen to reflect a realistic TSC planning in the field.
2. System simulations are run using the derived TSC plans to get statistics of interference levels and co-TSC probabilities.
3. The statistics are used to build an interference model that is used in a link simulator to derive link performance impacts.
Network configuration
The considered network is a tight reuse network with 100% speech users and with the network load placed at around 2% hard blocking. The configuration is summarized in Table 1.
[bookmark: _Ref396323603]Table 1: Parameters for the system simulations.
	Parameter
	Value

	Cell radius
	300m

	Frequency re-use
	1/1

	#TRX
	3

	#Frequencies
	9

	Erlang per cell
	14.3

	Power control
	ON

	Speech codec
	AFS5.90

	DTX
	ON

	Speech activity factor
	0.6

	#cells in system
	147

	Pathloss model
	Okumura-Hata

	Shadow fading
	Log-normal, standard deviation = 8 dB


Interferer strength
The strength of the carrier and the two strongest CCI interferers, the two strongest ACI+ interferers and the two strongest ACI- interferers are logged for each transmitted burst in the system. The statistics are binned based on the C/Itot  (where Itot is the total interferer energy) before fast fading. For a given C/Itot, the median strength of each of the interferers is stored. This way, a C/I-dependent interferer strength profile is derived.
The results are shown in Figure 2 and Figure 3 for the uplink and for the downlink, respectively. The individual interferer strengths as well as Itot are defined after the RX filter assuming an ACP of 18 dB.
An interesting observation is that at low C/I levels, the interference is dominated by the strongest CCI (especially for downlink), whereas at higher C/I, the second strongest CCI and the ACIs become increasingly prominent (i.e., closer in strength to the strongest CCI).
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[bookmark: _Ref396324807]Figure 2: Interferer strengths for uplink scenarios.
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[bookmark: _Ref396324809]Figure 3: Interferer strengths for downlink scenarios.
Co-TSC probability
The co-TSC probabilities for the two strongest CCIs are also derived from the system simulation statistics. The probabilities are calculated per cell. CDFs over all cells are shown in Figure 4 and Figure 5 for uplink and downlink, respectively. 
[image: ]
[bookmark: _Ref396331729]Figure 4: CDFs of co-TSC probability in uplink scenarios.
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[bookmark: _Ref396331731]Figure 5: CDFs of co-TSC probability in downlink scenarios.

[bookmark: _Ref396332360]To cover a wide range of situations in the network, three different scenarios are considered when deriving the likelihood of co-TSC in the interferer models: the 10th percentile (corresponding to a good cell from a TSC planning perspective), the median (corresponding to a median cell) and the 90th percentile (bad cell). The probabilities are summarized in Table 2.
	
	10th percentile
	50th percentile
	90th percentile

	Uplink
	8 TSC plan
	1st CCI
	3.5%
	6.5%
	11%

	
	
	2nd CCI
	6.9%
	9.8%
	13%

	
	16 TSC plan
	1st CCI
	0.64%
	1.6%
	3.2%

	
	
	2nd CCI
	1.7%
	3.2%
	5.7%

	Downlink
	8 TSC plan
	1st CCI
	1.8%
	5.5%
	13%

	
	
	2nd CCI
	4.4%
	9.9%
	16%

	
	16 TSC plan
	1st CCI
	0.19%
	1.1%
	4.7%

	
	
	2nd CCI
	0.80%
	3.0%
	6.2%



[bookmark: _Ref396401895]Table 2: Probabilities of co-TSC.
       Link level simulations
Based on the statistics derived in section 2.2, an interference model is built and used in link simulations.
[bookmark: _Ref396644406]Interference model
The interference model consists of two CCI interferers, two ACI+ interferers and two ACI- interferers. Their relative strengths (before fast fading) are set according to Figure 2 (for uplink simulations) and Figure 3 (for downlink simulations) depending on the C/I.
The CCI interferers randomly use the same TSC as the carrier with probabilities given in Table 2 for a given configuration (in total there are 12 configurations in Table 2 – two link directions, two different TSC plans and three different percentiles). When the co-TSC is not chosen, one of the other TSCs (7 or 15 other, depending on the used TSC plan) is chosen randomly with a uniform distribution. The ACI interferers randomly choose a TSC from all available (8 or 16) TSCs. The carrier always uses TSC 0 from legacy set 1.
In the 16 TSC plan case, the GMSK TSC Set 3 in [3] is used in addition to the legacy GMSK TSC Set 1.
All interferers are GMSK modulated. The NewToN propagation delay models are used.
Other simulation parameters
Other simulation parameters are listed in Table 3.
[bookmark: _Ref396333606]Table 3: Parameters for the link simulations.
	Parameter
	Value

	Channel model
	TU50nFH

	Frequency band
	900 MHz

	Channel coding
	AFS4.75
AFS5.90
AFS7.95
AFS12.2

	Receiver
	DL: SAIC
UL: IRC

	TX impairments
	Typical

	RX impairments
	Typical

	Number of speech frames
	10000


Results and discussion
Plots of class 1A FER versus C/I are shown in Annex B (Section 8) for both uplink and downlink. The gains at 1% FER are collected from all scenarios into a CDF in Figure 6.
It is evident that even though the co-TSC probabilities are much smaller than in the 100% co-TSC scenario in Figure 1, they have a significant impact on performance. The average gain seen is roughly 2 dB. This gain is partly due to the reduced co-TSC probability and partly due to the better cross correlation properties of the extended TSC set.
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[bookmark: _Ref396333760]Figure 6: FER vs C/I in downlink scenarios – AFS4.75, AFS5.90, AFS7.95, AFS12.2.
[bookmark: _Ref396765520]System level simulations
Introduction
System level simulations have been carried out using a dynamic system simulator where a link simulator object has been integrated in each radio link to model the link level performance of each user. 
Hence, instead of using Link-2-System mappings, which is the conventional method to model radio link performance on system level, the link performance is modeled on IQ-level with demodulators called for each user and each burst.
This allows the evaluation of system performance to fully take into account complex aspects such as TSC allocation and their impact on system capacity.
More details on the methodology and verification of the integrated link simulator is provided in [4].
[bookmark: _Ref402724757]Simulation assumptions
The same system level configuration as presented in Table 1 was used to simulate UL network performance. AFS12.2 was used for the non-VAMOS network performance evaluations and AFS7.95 for the VAMOS network performance evaluations to get a quality limited network below the load of 2 % blocking. I.e. using for example AFS4.75 results in a blocking limited network where system capacity gains due to improved network quality cannot be measured.
The same TSC planning algorithm was used as described in Section 2.2. Since this planning principle mainly aims at avoiding co-TSC interference there is a need to map a specific TSC value/index to each specific TSC value in the plan. In other words, the TSC planning algorithm will determine for example that e.g. cells [1,15,27,35,52,89,115,132,145] should have the same TSC in order to avoid co-TSC in the network (and similar cell-vectors exist for all 8 or 16 TSCs). It will however, not map a specific TSC to these cells. In order to estimate the impact on the results from different TSC plans, three different, randomly chosen, mapping vectors were generated and simulated. The result for each simulated scenario is an average of these three mapping alternatives.
More details on the methodology and verification of the integrated link simulator is provided in [4].
The two TSC planning scenarios as described in Section 2.3.1 was also evaluated on system level. In addition, the TSC plan of 16 available TSCs, only taken from the proposed NewToN set was also simulated. This scenario would represent a system with a high penetration of NewToN MS where the new set could be used as a baseline in the TSC planning, and the legacy set is only used when allocating users in a VAMOS channel.
The metric on “Happy users” is taken from the MUROS study where a <2% call FER is classified as a “Happy user” when simulating FR channels.
Results – non-VAMOS
The results are shown in Figure 7. 
[image: ]
[bookmark: _Ref396644546]Figure 7. System level results with different TSC mapping plans – non VAMOS.

It can be seen that the system level capacity gains in reference to the legacy 8 TSC planning are quite substantial both for the case of using legacy set 1 together with NewToN set 3, with further gains when adding a complete TSC plan using the NewToN set.
The results in terms of system capacity gains are also summarized in Table 4 at the quality limit of 95% Happy users.
[bookmark: _Ref396645168]Table 4. System capacity gains with NewToN compared to system performance using legacy set 1.
	System capacity gains [%]

	Legacy set 1 +
NewToN set 3
	NewToN set 3 +
NewToN set 4

	34
	47



Results – VAMOS
The intention of the NewToN work, by increasing the number of TSCs in the CS domain from 16 to 32 was to realize a two times increase in the number of TSCs used for TSC planning when supporting VAMOS.
In this section VAMOS performance is evaluated assuming different TSC planning strategies with and without NewToN TSCs. The TSC sets used for the TSC plans are represented by ‘TSC sets for TSC plan’ : ‘Paired TSC sets for VAMOS allocation’. For example ”Set 1 : Set 2” implies that TSC set 1 is used for the baseline TSC plan (i.e. TSC re-use eight), and that TSC set 2 is used in case of users being in VAMOS mode. The VAMOS principle is followed in that only paired TSCs of the same index are considered. For example, in ‘Set 1+3 : Set 2+4’ TSCs of set 1 is only paired with TSCs of set 2 using the same TSC index.
The simulation assumptions in Section 3.2 are followed. 
The results are shown in Figure 8. The system capacity gains with VAMOS are shown in the legend (i.e. capacity gains compared to the non-VAMOS case when the system is at 2% blocking).
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[bookmark: _Ref402724942]Figure 8. System level results with different TSC mapping plans – VAMOS.

Two different TSC plans without NewToN have been used, either applying an 8 re-use or a 16 re-use. The benefit of using a 16 re-use is that the probability of co-TSC is vastly reduced in case of a low loaded network (not many VAMOS connections), while at high loads the VAMOS connections increase and the plan, in the extreme case of only VAMOS connections, effectively reduces to an 8 TSC re-use. It can be seen from the simulations that the gap between the two curves without NewToN (blue) diminishes with increasing load.
For NewToN both using TSC set 1+3 (16 re-use), and TSC set 2+3 (16 re-use) was simulated. TSC set 2+3 was simulated to see what could be gained at a high loaded network scenario with NewToN MS (i.e. where TSC set 1 is not used for basic TSC planning but only in VAMOS connections).
It can be seen that additional system capacity gains of 12-18 percentage points are brought by using NewToN with the VAMOS feature compared to using a 16 TSC re-use without NewToN.
[bookmark: _Ref396765598]Performance comparison according to NewToN framework
In Annex A, the performance gain of the proposed TSC set [3] according to the performance evaluation framework is shown. The gain is shown compared to two different references. The first reference is the legacy training sequences for all modulations, excluding GMSK TSC Set 2 (except for the VAMOS performance, for which both GMSK TSC sets were used). Compared to this reference, the gain is 1.5 dB, when averaged across all scenarios defined in the framework.
The second reference is using all legacy training sequences, i.e., GMSK TSC Set 2 is included. The gain compared to this reference is 0.7 dB.
It can be seen that gains of up to 4.8 dB is observed in the extreme scenario (GMSK carrier, 32QAM interferer) while some performance losses, lower in magnitude, are also observed, mainly in scenarios where low weight is given to the interferer scenario, modulation combination according to the agreed framework.
To illustrate the performance Figure 9 is used, reflecting the difference of the 16 CCI modulation combinations in the Annex. As can be seen, 50% of the combinations are above 3 dB and 2 dB respectively for ‘TSC set 1’ and ‘TSC set 1 and 2’ respectively. The losses are at most 1 dB, but most of them ≤ 0.5 dB.
[image: ]
[bookmark: _Ref403481830]Figure 9. ‘CDF’ of NewToN gains compared to performance evaluation framework – CCI.
To further analyze the point where of a loss of 1 dB is observed (C: GMSK, I: 8PSK versus TSC set 1), Figure 10 has been produced that shows the linear average of C/I at 5 % BER for different TSC sets combinations for this specific modulation combination.
[image: ]
[bookmark: _Ref403482103]Figure 10. Breakdown of CCI case with C: GMSK, I: 8PSK.

It can be observed that:
· The legacy case (red color in figure) consist of two parts, ”GMSK1 + 8PSK1” and ”GMSK2 + 8PSK1”. These differ significantly in performance. The average of these, denoted ”GMSK1/2 + 8PSK1”, constitutes our reference case. Compared to this, there is a gain of 0.3 dB for NewToN, ”GMSK1/2/3/4 + 8PSK1/2”.
· If comparing only to legacy set 1 (“GMSK1+8PSK1”), there is a loss of 1 dB. 
· Looking more into details, one can see:
· ”GMSK3 + 8PSK1” and ”GMSK4 + 8PSK1”, i.e. new TSC:s for carrier and legacy TSC:s for interferer, are both better than ”GMSK1 + 8PSK1”. This is good and should be the most important case for a NewToN MS (using GMSK and being interfered by 8PSK), and is roughly 1.5 dB better than the collected legacy performance of TSC set 1 and 2 (“GMSK1/2 + 8PSK1”).
· ”GMSK1 + 8PSK2” and ”GMSK2 + 8PSK2”, i.e. how legacy GMSK sets perform when interfered by the new 8PSK set, is in the middle, on each side of the legacy case with difference around 0.3 dB.
· ”GMSK3 + 8PSK2” and ”GMSK4 + 8PSK2” are worse (but still better than the legacy “GMSK2 + 8PSK1” case). This is the least likely case (NewToN MS interfered by other NewToN MS).
· The differences seen can be taken into account in network planning, i.e. it is shown that the NewToN sets are superior when interfered by the legacy set, while NewToN GMSK sets interfered by NewToN 8PSK set is inferior. Hence, effectively a network could have more loose relation between cells of new TSCs, and stronger relation between cells using new and legacy sets respectively.
Conclusions
In this contribution, the impact of co-TSC interference (interference with the same TSC as the wanted signal in a synchronized network) has been investigated. Further, the gains of having a sparser TSC plan (as enabled by e.g. NewToN) have been assessed. It was found that by using 16 TSCs instead of eight in the TSC plan, the probability of strong co-TSC interference can be reduced, resulting in a link level gain of around 2 dB.
The new TSC set has also been investigated on system level using a dynamic system level simulator with an integrated link level simulator object in detail modeling the impact of TSCs allocation for each radio link. System capacity gains in the range of 34 - 47 % were observed compared to a system utilizing TSC set 1 for the TSC plan. When NewToN was used together with VAMOS, additional VAMOS capacity gains of 12 - 18 percentage points were observed.
[bookmark: _GoBack]Furthermore, the proposed TSC set was evaluated with the agreed framework to provide on average 1.5 dB and 0.7 dB gains respectively when compared with TSC set 1 and TSC set 1 and TSC set 2. The gains were seen to provide rather large variations depending on scenario with maximum gain at 4.8 dB, but also noting some losses mainly in the less prioritized scenarios according to the agreed framework. For one important case a loss of up to 1 dB was observed. More analysis was provided to explain the reason for the performance difference, showing that the new GMSK sets interfered by legacy 8PSK set (sub-set of the total metric) provides a gain of roughly 1.5 dB, which is considered to be the most important sub-set of this metric.
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Annex A: Performance comparison according to NewToN performance framework
Figure 11 summarizes the gains of the proposed NewToN TSC sets in [3] compared to legacy TSC Sets, according to the performance evaluation framework in [2].
In the left table, GMSK TSC Set 2 was excluded except for the sensitivity performance with VAMOS, for which GMSK TSC Set 2 was included.
In the right table, GMSK TSC Set 2 is included also in the non-VAMOS simulations.
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[bookmark: _Ref396477867]Figure 11: Performance evaluation of TSC proposal according to the framework, compared to legacy training sequences, using a BTS receiver.
[bookmark: _Ref403487103]Annex B
In this Annex contains link level plots of class 1A FER versus C/I based on the methodology in Section 2 for the different codecs listed in Table 3.
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Figure 12. FER vs C/I in uplink scenarios – AFS4.75, AFS5.90, AFS7.95, AFS12.2
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Figure 13. FER vs C/I in downlink scenarios – AFS4.75, AFS5.90, AFS7.95, AFS12.2
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