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TIGHTER Performance Requirements

1 Introduction

The GERAN system performance is continuously improving based on enhanced signal processing techniques in hardware and software.  The continuing growth of GSM/EDGE networks as the most ubiquitous mobile communication system and the quick renewal cycles of phones make deployment of enhanced receivers a realistic and beneficial option. Specification of different performance levels is relevant to leverage high MS penetration, as first done with SAIC for GMSK and also considered for higher order modulation in data services [2] (while for the new VAMOS feature two different performance levels have already been foreseen right from the beginning).

The TIGHTER work item [3] has the objective to define a new MS performance level which improves the single antenna MS receiver performance significantly for all relevant voice and data services without any change in the air interface. 

In this document, tightened performance values are proposed for exemplary services, which are AMR NB GMSK and EGPRS 8PSK. Also aspects regarding the structure of the necessary specification for the TIGHTER MS performance level are discussed. An earlier version has been presented at GERAN #48 [6], which is updated here based on further simulation results. The current spreadsheet [9] provides the numbers in more detail, including also control channels, GSM speech and EGPRS GMSK services. Updates after TIGHTER telco #3 are highlighted.
2 Proposal for AMR NB GMSK voice service

Table 1 shows proposed tightened performance requirements for AMR-NB service on GMSK modulated channels as an offset value compared to the current specification in TS 45.005. The values are based on simulations and include the necessary margin for impairments and implementation. The noise figure is 8 dB, which is a conservative value for today's analog receiver circuits and serves as a reference for characterizing the digital receiver performance. Especially the sensitivity requirements could be tightened further according to a difference in noise figure. The simulations have been performed for the entire set of AMR channel modes in TCH/AFS and TCH/AHS, from which the minimal possible tightening has been derived and included in Table 1. The structure of the Table is the same as used in [4] as option 2. The spread when taking the minimum was low enough to justify these fixed values being proposed, as it was also observed in the independent simulation in [5], which was the numerical basis of [4].

Table 1: Proposed tightened performance requirements for AMR-NB service, structure  according to option 2 [4]

	AMR-NB GMSK
	Scenarios (GSM 900 band)

	(Min tightening across all AMR NB GMSK codecs)
	Ref sensitivity


	CCI

	
	Static
	TU50
	TU50
	RA250
	HT100
	TU3
	TU3
	TU50
	TU50
	RA250

	
	
	(no FH)
	(ideal FH)
	(no FH)
	(no FH)
	(no FH)
	(ideal FH)
	(no FH)
	(ideal FH)
	(no FH)

	Proposed fixed tightening (dB)
	4.0
	3.5
	3.5
	3.5
	3.0
	16.5
	16.5
	15.5
	16.0
	9.5


	AMR-NB GMSK
	Scenarios (GSM 900 band)

	(Min tightening across all AMR NB GMSK codecs)
	ACI


	DTS1
	DTS2
	DTS3
	DTS4
	DTS5

	
	TU3
	TU3
	TU50
	TU50
	RA250
	TU50
	TU50
	TU50
	TU50
	TU50

	
	(no FH)
	(ideal FH)
	(no FH)
	(ideal FH)
	(no FH)
	(no FH)
	(no FH)
	(no FH)
	(no FH)
	(no FH)

	Proposed fixed tightening (dB)
	15.0
	15.5
	15.0
	15.0
	14.5
	7.5
	2.5
	2.5
	9.0
	3.5


	AMR-NB GMSK
	Scenarios (GSM 1800 band)

	(Min tightening across all AMR NB GMSK codecs)
	Ref sensitivity


	CCI

	
	Static
	TU50
	TU50
	RA130
	HT100
	TU1.5
	TU1.5
	TU50
	TU50
	RA130

	
	
	(no FH)
	(ideal FH)
	(no FH)
	(no FH)
	(no FH)
	(ideal FH)
	(no FH)
	(ideal FH)
	(no FH)

	Proposed fixed tightening (dB)
	4.0
	3.0
	3.5
	3.5
	3.0
	16.5
	16.5
	14.5
	15.0
	9.0


	AMR-NB GMSK
	Scenarios (GSM 1800 band)

	(Min tightening across all AMR NB GMSK codecs)
	ACI


	DTS1
	DTS2
	DTS3
	DTS4
	DTS5

	
	TU1.5
	TU1.5
	TU50
	TU50
	RA130
	TU50
	TU50
	TU50
	TU50
	TU50

	
	(no FH)
	(ideal FH)
	(no FH)
	(ideal FH)
	(no FH)
	(no FH)
	(no FH)
	(no FH)
	(no FH)
	(no FH)

	Proposed fixed tightening (dB)
	15.0
	15.0
	15.0
	15.0
	14.0
	7.5
	3.0
	2.5
	8.5
	3.0


When comparing the numbers with the independent contribution in [4], the proposed values turn out to be quite similar. This good agreement can be easily seen in [9].
Evidently the proposed numbers looks very similar for all the speed and frequency hopping variants of the TU channel profile in the sensitivity, CCI and ACI scenarios, while mainly the RA channel profile can be less tightened especially in the CCI scenario. This may allow further grouping of scenarios and simplify the table, so that far less sub-columns would be needed and the structure would become again close to option 1 in [4]. 

Another simplification of the TIGHTER specification work may be to apply the same fixed tightening value for all bands.

From the proposed values shown in [4] for DTS-3, -4 and -5 and the difference in terms of single vs. multiple interferer scenarios, the DTS scenarios may also be grouped into one column for DTS-1 and DTS-4 and a second column for DTS-2, DTS-3 and DTS-5. As pointed out in [4], the tightening values for DTS-1 and CCI scenarios are quite different due to the earlier tightening by DARP phase 1 specification. Also the signal level is defined differently for these scenarios.  

However, since there is preference to specify TIGHTER in TS 45.005 by absolute values [8], simplifications by grouping scenarios would not affect the CR, but only the spreadsheet (and possibly TR 45.050, see [8]). Therefore these simplifications have no not been considered further.
Especially for AMR NB GMSK voice service, an in-depth revision by specifying tighter values directly in terms of 1% FER has been agreed (as currently in DTS-1 for CCI TU50 noFH, but extended to all scenarios), while keeping the current requirements for TU50 noFH [7]. At TIGHTER telco #3 [8], a simple specification approach referring back into the current requirements tables has been proposed, which has been used in the CR [11]. This is based on the observation from the detailed AMR simulation results, that the current FER/RBER requirements are well balanced also for TIGHTER specification
. The additional specification work for 1% FER may pay off by saving test time, which is quite significant for AMR tests due to the very low FER limits in the current specification.

3 Proposal for EGPRS 8PSK data service

Table 2 shows proposed tightened performance requirements for EGPRS service on 8PSK modulated channels as an offset value compared to the current specification in TS 45.005. The values are partly based on simulation results which have been presented already when SAIC for higher order modulation was initially proposed [1] (modified here to include the necessary margin for impairments, DC offset and implementation, assuming a typical modern analog receiver architecture). When comparing the margin shown in [1] for MCS-5 to MCS-9, it is evident that the improvement becomes significantly stronger for higher MCS, so that the minimum value tends to be only a conservative estimate of the possible tightening. Therefore tighter specification dependent on the MCS may be considered.

Table 2: Proposed tightened performance requirements for EGPRS 8PSK service

	EGPRS 8PSK
	Scenarios (GSM 900 band)

	(Min tightening across all MCS5-9 codecs)
	Ref sensitivity
	CCI
	ACI

	
	Static
	TU50 
(no or ideal FH)
	RA250
(no FH)
	HT100
(no FH)
	TU3/50
(no or ideal FH)
	RA250
(no FH)
	TU3/50
(no or ideal FH)
	RA250
(no FH)

	Proposed fixed tightening (dB)
	4.5
	5.0
	6.0
	5.0
	3.5
	5.0
	9.0
	11.0


It is worth noting that the sensitivity gain is well comparable to the GMSK case. Especially the CCI tightening is far more limited in this case compared to the GMSK case, because 8PSK is tested in the presence of 8PSK modulated interference, which is far more difficult to suppress. However, in this higher order modulation case the dominant interferer ratio (DIR) need not be considered [1], which simplifies the specification and tests while providing the performance gain more consistently in the network. CCI and especially ACI performance depend strongly on the signal levels of the test scenario, as investigated in [1], section 3.2.1. Significantly more tightening is foreseen by adjusting the signal levels as proposed in [10] and [11]. 
4 References

[1]
GP-091242, "Single Antenna Interference Cancellation for Higher Order Modulation", 


Com-Research, GERAN #43

[2] 
GP-100808, "Downlink Advanced Receiver Performance phase 3",


Com-Research, GERAN #46

[3]
GP-101083, "WID: Tightened Link Level Performance Requirements for Single Antenna 
MS (TIGHTER)", 


Nokia, Nokia Siemens Networks, Telecom Italia, Vodafone, China Mobile, Com-Research, 
Renesas, GERAN #46

[4]
GP-101234, "Proposed categorization of the TIGHTER performance requirements", 


Nokia, GERAN #47 

[5]
GP-101235, "TIGHTER – simulations results for AMR NB", 


Nokia, GERAN #47

[6]
GP-101760, "TIGHTER Performance Requirements", 


Com-Research, GERAN #48

[7]
GP-101846, "On TIGHTER Working Assumptions", 


Ericsson, ST-Ericsson, GERAN #48

[8]
GP-110084, "TIGHTER – Meeting minutes from 3GPP Teleconference #3"

 
WI rapporteur, GERAN #49

[9]
GP-110085, "TIGHTER Sheet and Current Values", 


WI rapporteur, GERAN #49
[10]
GP-110142, "Signal levels for TIGHTER interference performance requirements"

 
Com-Research, Renesas, GERAN #49

[11]
GP-110170, "CR 45.005-0422 TIGHTER Performance Requirements (Rel-10)"

 
Renesas, Com-Research, GERAN #49

� TS 45.005 specifies in table 1 and 2 for each individual test a set of FER and RBER requirements, which must be met simultaneously. For the operation point achieving a given FER requirement value in the simulation for TIGHTER, the RBER has been seen to be quite close to the existing RBER requirement, typically better. Based on these results, the current balance of FER and RBER requirements does not significantly limit the improvement and is therefore found applicable for TIGHTER.
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