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1. Introduction

When considering a new pulse shape for EGPRS2-B, it is imperative that both the throughput performance and the spectral characteristics of both the new and the legacy pulse shape are captured sufficiently in the system evaluation.

For example, the throughput performance will determine the activity time of the pulse shape, and even though higher adjacent channel interference may occur, a higher throughput performance will result in a lower activity time and this might lead to a reduction in the impact to legacy services.

A methodology for deriving a model for single antenna receivers is described in [1].
In [2], the channel interference profiles for each of the agreed network scenarios are derived both for the legacy and wide pulse shape.

In this contribution, a model of the EGPRS2-B receiver is described which have been derived from link level simulations using the above mentioned channel interference profiles. The model is in a form of a CIR to expected BLER mapping, and can easily be implemented in a system simulator.
2. Simulation assumptions

Link Simulation assumptions:

	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference/noise
	Interference profile

AWGN

	Modulation backoff
	None

	Antenna diversity
	No

	Equalizer
	Frequency Domain Equalizer 
with LS-channel estimation

	Tx pulse shape
	Lin GMSK pulse for reference

WIDER candidate #2

	Rx filter
	RRC 325kHz before windowing, roll-off 0.3

	Simulation length
	20000 bursts per simulation point


Both transmitter and receiver impairments are included in the simulations. The impairment models used following parameters:
Impairment model used in the simulations
	Parameter
	Value

	
	BTS Tx
	MS Rx

	Phase noise [degreed (RMS)]
	1.0
	1.0

	I/Q gain imbalance [dB]
	0.05
	0.2

	I/Q phase imbalance [degrees]
	0.2
	1.5

	DC offset [dBc]
	-50
	-40

	Frequency error [Hz]
	8
	25

	PA model
	Yes
	-


3. Link performance
In this section, the link performance of the EGPRS2-B receiver is shown both for the reference LGMSK pulse shape and the Candidate #2 pulse shape. The interference profile was the WIDER-1 (BCCH), consisting of eight interferers, where two CCI and two ACI (+200 kHz) interferers are modelled as narrow and wide Tx pulse shape filters for each interference type, and same scenario is repeated for four rest of the interferers. These latter four interferers are modelled as Gaussian noise filtered by the respective pulse shaping filter.
A significant link throughput gain can be observed for the Candidate #2 pulse shape. For example, about 100% throughput gain is shown at 20 dB C/I.
Also shown is the impact of the RF impairments to link performance. It can be seen that the Candidate #2 pulse shape is considerably less sensitive to RF impairments than the reference LGMSK pulse shape, especially for 32QAM  modulation.
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	EGPRS2B DL throughput envelopes using Reference LGMSK and WIDER Candidate #2 pulse with and without RF impairments in WIDER-1 BCCH scenario.


4. front-end filter

The 1st stage CIR to BER mapping is used to emulate the uncoded performance of the receiver i.e. the receiver functions between the output of the front-end filter and the output of the bit detector. The mapping would therefore be of the in-band CIR to the expected uncoded BER.

To determine the in-band CIR, the system level simulator needs to apply co-channel and adjacent channel attenuation factors to the average powers before the front-end filter that is dependent on the transmitted pulse shape, the receiver filter & the carrier frequency difference between the wanted signal and the interferer.
The co-channel and adjacent channel attenuation factor is computed as a ratio of the power of a LGMSK reference after the Rx filter with the power of the pulse shape under consideration (at 0 Hz or at 200 kHz respectively) after the Rx filter.

For example, the adjacent channel suppression (or adjacent channel protection) of the LGMSK pulse shape can be expressed as the ratio of the power of the LGMSK pulse shape when computed after the LGMSK filter truncated to -160...+160 kHz with the power of the LGMSK pulse shape in the 1st adjacent channel when computed after the LGMSK filter truncated to -160...+160 kHz.
The co-channel and adjacent channel suppression values that were used in the system simulator are given in the table below.
	Co-channel suppression
	LGMSK +/- 160 kHz Rx filter
	RRC BW 325 kHz, rolloff 0.3 Rx filter

	LGMSK pulse shape
	0 dB
	0 dB

	Cand. #2 pulse shape
	1.0 dB
	0.1 dB


	Adjacent channel suppression
	LGMSK +/- 160 kHz Rx filter
	RRC BW 325 kHz, rolloff 0.3 Rx filter

	LGMSK pulse shape
	0 dB
	0 dB

	Cand. #2 pulse shape
	12.1 dB
	5.0 dB


The above coefficients were verified by using them to compute the in-band CIR of a series of bursts having different levels of ACI, and then computing a CIR to BER mapping. This mapping can be compared to the one obtained from the CIR values computed by using the Rx frontend filter. In order to do this comparison, the BER of each burst and the powers of the interfering signals are collected from the LL simulations. This gives curves within half dB of each other.

In the following figures, the attenuated signal is depicted (red line) for a number of transmitter pulse shapes (green line) and receiver filter (black line) combinations.
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5. First Stage Mapping
In this section, the 1st stage mappings are shown, i.e. the expected uncoded BER of a burst as a function of the in-band CIR.

A burst BER measures the quality of a detected burst, and a quantized estimate of the function forms a BER mapping table. The BER mapping table for a given transmission chain (transmitter - radio channel - receiver) is generated by classifying received bursts according to their inband total CIR into clusters (e.g. 1 dB) and by calculating for each class the average BER. This represents the average BER for each guaranteed CIR.

5.1 4/12 BCCH configuration from WIDER-1 / WIDER-2
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5.2 4/12 BCCH configuration from WIDER-1 / WIDER-2 (RF impairments included)
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5.3 1/1 TCH configuration from WIDER-1
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5.4 4/12 BCCH + 3/9 TCH configuration from WIDER-3
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6. Second Stage Mapping
In this section, the second stage mappings are given, i.e. the expected BLER as a function of the mean (µ) and the variance (σ) of the uncoded BER for each burst of the RLC data block or speech frame that was predicted by the 1st stage mapping.
In the case of DBS-11 and DBS-12, the RLC data block is interleaved over a single burst, hence the variance in these cases is zero. 
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7. Verification
The overall goal in the system to link level interface is to produce an expected BLER value that is close to what the link level simulator would produce.

Verification of the mappings in section 5 and section 6 was therefore carried out by comparing the BLER performance given by link level simulator, to the BLER performance of the whole mapping chain (1st and 2nd stage mapping). These are shown respectively as red and black curves in the following figures.

An additional BLER performance is shown when using the inner receiver of the link level simulator and the BER to BLER mapping for the outer receiver. This is shown in blue, and when campared to the red curve, provides an indication of the accuracy of the 2nd stage mapping. Finally, an indication of the accuracy of the 1st stage mapping is obtained when comparing the blue curve with the black.
In this section, a full set of verification figures are shown. Every coding scheme (2nd stage mapping) is evaluated for every network scenario and pulse shape (1st stage mapping).

It can be seen that the coding schemes using interleaving over one burst (DBS-11 and DBS-12) are suffering a larger accuracy penalty for the whole mapping chain. This is due to the fact that the first stage mapping is a single valued function, and as such it has a fundamental limitation, when trying to model a multiple-valued randomized function, such as the the true CIR to BER relationship (for the same CIR value, a whole distribution of BER exists).
With these mappings, the actual accuracy at 10% or 1% is in general better than 2 dB with the current BER to BLER mappings (maximum shift black-red). There is, however, an inaccuracy of about 4 dB for DBS12 at around 70% BLER. The impact of this is likely to be small, as the coding scheme should not be considered for link adaptation in that SNR region.

Tuning of the 1st stage mappings, as described in [1] could be applied to improve the accuracy further.

7.1.1 4/12 BCCH configuration from WIDER-1 / WIDER-2

7.1.1.1 LGMSK pulse
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7.1.1.2 Wide pulse shape
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7.1.2 4/12 BCCH configuration from WIDER-1 / WIDER-2 (with RF impairments included and with fine tuning applied)

7.1.2.1 LGMSK pulse

[to be done]
7.1.2.2 Wide pulse shape

[to be done]
7.1.3 1/1 TCH configuration from WIDER-1

7.1.3.1 LGMSK pulse
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7.1.4 Wide pulse shape
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7.1.5 4/12 BCCH + 3/9 TCH configuration from WIDER-3

7.1.5.1 LGMSK pulse
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7.1.6 Wide pulse shape
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