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1 Introduction

In SAIC performance simulations, large differences have been observed between the results of various companies even for the conventional receiver, which is needed as reference for measuring SAIC gain. These differences could be caused either by actual differences in the performance of the conventional receivers, or by differences in the implementation of the complex interference models agreed for these simulations. To support finishing the SAIC TR and starting ARP specification in a timely manner, an incremental verification approach has been proposed by Nokia, supported by Ericsson and Philips with results presented at GERAN #18, widely agreed and continued in mails on the WG1 reflector.

To support this incremental verification approach, conventional receiver performance has been simulated for several combined co-channel and adjacent channel scenarios in the Philips link simulation environment. The present paper is an update of [5]. In Section 2, the simulation assumptions are summarized. Section 3 describes the results, which are discussed in Section 4.

2 Simulation assumptions

Starting with the standard cochannel case [1], seven interference scenarios have been proposed as verification steps with complexity increasing towards a model defined for configuration 2 link simulations in [2]. The following steps have been defined in [3]:

1. One cochannel interferer IC1 (main interferer) – interferer follows the standard 45.005 test signal i.e. TSC is not included. The level of the interferer is adjusted to the expected power ratio C/IC1.

2. One cochannel interferer IC1 (main interferer) – random TSC excluding TSC0. The level of the interferer is adjusted to the expected power ratio C/IC1.

3. Add an additional cochannel interferer IC2 – random TSC. Power of IC2 6dB below power of IC1. The levels of the interferers are adjusted to the expected power ratio C/(IC1+ IC2).

4. Include another cochannel interferer IC3 – random TSC. Power of IC3 10dB below power of IC1. The levels of the interferers are adjusted to the expected power ratio C/(IC1+ IC2+ IC3).

5. A residual cochannel interferer ICr included. Power of ICr 9dB below power of IC1. The levels of the interferers are adjusted to the expected power ratio C/(IC1+IC2+IC3+ICr).

6. An adjacent channel interferer Ia included – random TSC. Power of Ia 14dB below power of IC1 – assuming 18dB ACP. At the input to the receiver the power of the adjacent channel interferer is therefore 4dB above the power of IC1. The levels of the interferers are adjusted to the expected power ratio C/(IC1+IC2+IC3+ICr+Ia).

7. Two residual adjacent channel interferers Iar included (one 200kHz below and one 200kHz above the carrier frequency). The power of each of the Iar is 18dB below power of IC1 – assuming 18dB ACP. At the input to the receiver the power is thus identical to the power of IC1. The levels of the interferers are adjusted to the expected power ratio C/(IC1+IC2+IC3+ICr+Ia+Iar(+200kHz)+Iar(-200kHz)).

These seven verification procedure steps are carried out for each of the following three setups defined in [3]:

1. Basic synchronized configuration 2 setup without frequency offset, interferer delay profile and receiver impairments. 

2. Include frequency offset and interferer delay profile in the synchronized configuration 2 setup. The frequency offset and the interferer delay profile should be modelled as described in the SAIC TR section 5 [2]. 

3. Extend the configuration 2 setup (including frequency offset) to asynchronous operation as has been defined in the SAIC TR section 5 [2]. When simulating the asynchronous setup, DTX=0 will be assumed, ie. no additional scaling of the interferers should be used in addition to power control as specified in Table 5-3 of  [2].

All these simulations are for TU3 in 900 MHz frequency band with ideal frequency hopping. This corresponds to TU1.5 in 1800/1900 frequency bands, but the simulations are considered equally valid for TU3 in these frequency bands, which is the specification in [3]. The frequency offset in the baseband simulation for setup 2 and 3 is assumed 0 Hz for the wanted signal and normally distributed with mean 100 Hz and standard deviation 33 Hz for the individual interferer signals. In addition to the definitions and simulation assumptions, which are described in more detail in [3], the following points should be emphasized here:

· Burst CIR and DIR are calculated by measuring burst power of the individual signal components after the multipath fading channel, before these components are added and the receiver filter is applied. As in all GERAN SAIC system and link simulations [2], ACP of 18 dB is assumed for the receiver filter. This assumption is applied by numerical correction of the measured power of the adjacent channel signal components before calculating power sums and ratios. This is the same method as described in Section 2 of [3].

· Except impairments, which are not included in the verification procedure as proposed in [3], the conventional receiver is the same as used in all Philips simulations for SAIC performance evaluation, e.g. [4]. This receiver is supposed to be typical for conventional phones in the market now and for the next couple of years.

· To facilitate comparison of FER results, the BFI criterion has been simplified to CRC check only. The results based on this criterion should be comparable to alternative methods, e.g. identifying bad frames in the simulation by any error in class 1a bits. 

These simulation assumptions are well in line with the assumptions defined in [3] and used by other companies supporting the link level simulation model verification procedure.

3 Results

The model has been configured for simulation runs which result in an average CIR = 0, 2.5, 5, 7.5, 10, 12.5 and 15 dB. Each of these runs comprises simulation of 220000 bursts.

All Philips results for the verification procedure proposed in [3] are given in the following Figures and Tables. These comprise:

1. Average BER performance (raw BER, hard decision after the equalizer)

2. Burst BER performance (raw BER, hard decision after the equalizer)

3. FER performance for TCH/AFS5.9

4. CIR distribution (average CIR = 0 dB)

5. DIR distribution
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Figure 1: Average BER performance, CIR = 0, 2.5, …, 15 dB.
	
	10 % BER
	2 % BER

	
	Setup 1
	Setup 2
	Setup 3
	Setup 1
	Setup 2
	Setup 3

	Step 1
	5.95
	5.95
	5.20
	13.35
	13.35
	13.10

	Step 2
	6.20
	6.30
	5.30
	13.60
	13.70
	13.20

	Step 3
	6.45
	6.50
	5.65
	13.60
	13.65
	13.20

	Step 4
	6.50
	6.55
	5.75
	13.60
	13.65
	13.20

	Step 5
	6.50
	6.60
	5.85
	13.55
	13.60
	13.20

	Step 6
	6.50
	6.55
	5.85
	13.50
	13.55
	13.15

	Step 7
	6.45
	6.50
	5.80
	13.45
	13.50
	13.10


Table 1: Average BER performance, CIR (in dB) required for 10 % and 2 % BER.
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Figure 2: Burst BER performance, averaged over all simulation runs (CIR = 0, 2.5, …, 15 dB).

	
	25 % burst BER
	5 % burst BER

	
	Setup 1
	Setup 2
	Setup 3
	Setup 1
	Setup 2
	Setup 3

	Step 1
	-0.35
	-0.35
	-0.75
	5.55
	5.55
	5.50

	Step 2
	-0.05
	-0.00
	-0.65
	5.75
	5.85
	5.55

	Step 3
	-0.15
	-0.10
	-0.70
	5.85
	5.90
	5.60

	Step 4
	-0.20
	-0.15
	-0.70
	5.85
	5.90
	5.60

	Step 5
	-0.30
	-0.25
	-0.75
	5.85
	5.90
	5.60

	Step 6
	-0.35
	-0.30
	-0.80
	5.75
	5.85
	5.55

	Step 7
	-0.40
	-0.35
	-0.85
	5.70
	5.75
	5.45


Table 2: Burst BER performance, burst CIR (in dB) required for 25 % and 5 % burst BER.
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Figure 3: Average FER performance for TCH/AFS5.9, CIR = 0, 2.5, …, 7.5 dB.

	
	10 % FER
	1 % FER

	
	Setup 1
	Setup 2
	Setup 3
	Setup 1
	Setup 2
	Setup 3

	Step 1
	0.95
	1.00
	0.25
	3.80
	3.80
	3.20

	Step 2
	1.45
	1.65
	0.45
	4.20
	4.50
	3.50

	Step 3
	2.30
	2.35
	1.10
	5.00
	5.00
	4.00

	Step 4
	2.50
	2.50
	1.30
	5.05
	5.05
	4.10

	Step 5
	2.50
	2.55
	1.55
	5.00
	5.05
	4.15

	Step 6
	2.45
	2.55
	1.50
	4.90
	4.95
	4.15

	Step 7
	2.45
	2.50
	1.50
	4.90
	4.90
	4.10


Table 3: Average FER performance for TCH/AFS5.9, CIR (in dB) required for 10 % and 1 % FER.
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Figure 4: Burst CIR distribution (average CIR = 0 dB)

	
	10 % quantile
	median
	90 % quantile

	
	Setup 1
	Setup 2
	Setup 3
	Setup 1
	Setup 2
	Setup 3
	Setup 1
	Setup 2
	Setup 3

	Step 1
	-7.85
	-7.85
	-7.65
	0
	0
	0.85
	7.90
	7.90
	9.40

	Step 2
	-7.85
	-7.85
	-7.65
	0
	0
	0.85
	7.90
	7.90
	9.40

	Step 3
	-7.80
	-7.80
	-7.70
	-0.50
	-0.50
	0.15
	6.20
	6.20
	7.30

	Step 4
	-7.80
	-7.80
	-7.70
	-0.60
	-0.60
	-0.05
	5.75
	5.75
	6.70

	Step 5
	-7.80
	-7.80
	-7.70
	-0.75
	-0.75
	-0.30
	5.25
	5.30
	6.00

	Step 6
	-7.80
	-7.80
	-7.70
	-0.80
	-0.80
	-0.35
	5.15
	5.15
	5.85

	Step 7
	-7.80
	-7.80
	-7.70
	-0.85
	-0.80
	-0.40
	5.10
	5.10
	5.75


Table 4: Burst CIR distribution (average CIR = 0 dB), burst CIR quantiles (in dB).
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Figure 5: Burst DIR distribution.

	
	10 % quantile
	median
	90 % quantile

	
	Setup 1
	Setup 2
	Setup 3
	Setup 1
	Setup 2
	Setup 3
	Setup 1
	Setup 2
	Setup 3

	Step 3
	1.25
	1.25
	1.30
	6.35
	6.35
	6.70
	13.90
	13.90
	15.20

	Step 4
	-0.15
	-0.15
	-0.10
	4.25
	4.25
	4.35
	10.50
	10.50
	11.50

	Step 5
	-1.75
	-1.70
	-2.00
	2.40
	2.45
	2.25
	7.75
	7.80
	8.25

	Step 6
	-2.15
	-2.10
	-2.45
	2.00
	2.05
	1.80
	7.30
	7.35
	7.75

	Step 7
	-2.50
	-2.45
	-2.75
	1.70
	1.75
	1.50
	6.90
	6.95
	7.35


Table 5: Burst DIR distribution, burst DIR quantiles (in dB).
4 Discussion

All steps of setup 1 show results, which are quite close together in total and burst BER, while in FER there is more separation of step 1 and 2 from the others. It should be taken into account, that the BER performance analysis cannot reflect quality of soft output information, which is utilized in the channel decoder.

The results of setup 2 are very similar to those of setup 1, since the frequency offset and the short delays occurring in synchronous network operation do not have severe impact on practically robust receivers.

The asynchronous setup 3 shows more variation of CIR and DIR than in the synchronous setups 1 and 2. This increased variation and the low probability of overlap of the midambles of desired and interfering signals lead to better results for BER and FER in this case.

The conventional receiver used in Philips simulations is supposed to be typical for conventional phones in the market. Slightly better results are known to be achievable even within the receiver complexity assumed in this contribution. Such optimization might result in some improvement roadmap for non-SAIC MS, but the achievable gain will clearly be outperformed by SAIC/ARP.

In a next step, the results should be consolidated between the companies contributing to SAIC link performance simulations. When considering SAIC performance results, verified simulation models and realistic common understanding of the conventional receiver performance are needed to provide a clear reference point.
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