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1 Introduction

At GERAN#36 a study item called Optimized Transmit Pulse Shape for Downlink EGPRS2-B was started, see [1]. The study item, also called WIDER, aims at defining an optimized pulse shape in addition to the linearized GMSK pulse currently used for EGPRS2-B DL.
Three candidate pulse shapes have been proposed in the work, [4]. One of the candidate pulse shapes has been evaluated on both link level and system level; see [2] and [3] respectively:
In this contribution: 
i. The link level results presented in [2] are compared with link performance using an MS receiver model from Ericsson.
ii. A comparison between the Ericsson MS receiver model and the proposed performance requirements from Nokia, NXP, Marvell and ST-NXP, see [6], is presented.

iii. The possible gains with a WIDER pulse shape are evaluated on link level.

Simulation assumptions have been aligned with [2] in order to compare the performance. 
2 Simulation methodology
2.1 Interference profile

In [5] different interference profiles have been derived based on the defined system scenarios for WIDER. 

The interference scenario used in this contribution is for the 4/12 BCCH configuration for WIDER-1 and WIDER-2, see [5]. 

The interference profile is shown in Table 1 and was chosen in order to compare performance with previously presented discussion papers to GERAN (see [2]).

Table 1. 4/12 BCCH, WIDER-1/2 interference profile.

	Interferer
	Relative power level [dB]

	Co-channel, narrow
	0

	Co-channel, wide
	-14

	Adj-channel, narrow
	8

	Adj-channel, wide
	-3


2.2 Tx pulse shapes
Two different pulse shapes have been used in the evaluation:

i) Linearized GMSK pulse (allowed by the current specification)

ii) WIDER pulse shape candidate #2 (proposed in [4])

Both pulse shapes have duration of 6 HSR symbols.
2.3 Impairments

Apart from the impact on Tx pulse shape also the impact of impairments has been investigated. Simulations have been run either with 
i) no Tx or Rx impairments
ii) the impairment profile used in [2] 
In the comparison of proposed performance requirements only Rx impairments from [2] has been used.

2.4 Simulation assmptions
The simulation assumptions used are listed in Table 2.
Table 2. Simulation assumptions

	Parameter
	Value

	Modulation and coding schemes
	· MCS-1-4 + DBS-5-12

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	ideal

	Interference/noise
	see Section 2.1

	Modulation backoff
	None

	Antenna diversity
	No

	Equalizer
	DFSE (QPSK)

RSSE (16QAM and 32QAM)

	Tx pulse shape
	· Lin GMSK pulse

· WIDER candidate pulse shape#2

	Rx filter

  - Bandwidth
	RRC 

   325 kHz

	Impairments
	see Section 2.3.

	Simulation length
	40000 radio block per simulation point.

	Note 1: The 3 dB bandwidth of the RRC filter before windowing.


3 Results
3.1 Receiver link performance
This section compares the ideal LA results presented in [2] with simulated performance using the Ericsson MS receiver model.
NOTE: Since no raw data was available in [2], the performance has been estimated based on the figures presented in the contribution. The throughput envelope without impairments has been based on the BLER figures in Section 7.1.1.1-7.1.1.2 in [2], while the performance with impairments has been estimated from Section 3 in [2]. 
3.2 Without Tx/Rx Impairments

In Figure 1 the ideal LA throughput envelope without Tx or Rx impairments is shown.
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Figure 1. Ideal LA throughput envelope of RED HOT B. No impairments
Although the gain profiles (top left figure) are quite similar between the performance in [2] (red lines) and the Ericsson receiver (blue lines) there is a significant difference in the absolute gain figures between the two receivers. The major difference is seen for the reference performance using the linearized GMSK pulse where the receiver used in this contribution is more than 10 dB superior in performance at high C/I. It should be noted that both receivers show significant gains on link level by using the WIDER pulse.

3.2.1 With Tx/Rx impairments

In Figure 2 the same simulations have been performed using the impairment profile from [2].
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Figure 2. Ideal LA throughput envelope of RED HOT B. Impairments from [2].
Also in this case the gain profiles are quite similar between [2] (red lines) and the Ericsson receiver (blue lines). The absolute performance for the WIDER candidate pulse shape #2 is similar for modulations QPSK and 16QAM. However, for the linearized GMSK pulse (solid lines) the difference in performance is well above 10 dB for the highest MCSs in the LA. The performance from [2] (solid red) seems to reach an error floor giving rise to a peak throughput < 90 kbps/TS while the receiver used in this contribution (solid blue) reaches almost the peak throughput of higher than 110 kbps/TS.
3.3 Performance compared to proposed perf. req., GP-081760
To determine if the MS receiver model from Ericsson is representative of future EGPRS2-B MS receivers, the performance has been compared with the currently proposed performance requirements in [6].
All requirements have been collected for the co-channel performance.

In Figure 3 the receiver performance is compared with the currently proposed performance requirements.
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Figure 3. CO-channel receiver performance compared to performance requirements.

It can be seen that the performance (solid blue) is well aligned in co-channel performance for the Linearized GMSK pulse. The performance of the WIDER candidate pulse shape #2 (dashed blue) is also presented for completeness.

4 Discussion

In this contribution link level results have been provided using a MS receiver model from the sourcing company. The performance has been compared to the one presented in [2] and with currently proposed performance requirements from different MS vendors. 

It has been shown that the receiver investigated in this paper performs significantly better, with performance differences > 10 dB, compared to the one used in [2] when using a linearized GMSK pulse as transmitting pulse. The main difference in simulation assumptions is the equalizer used where the one in [2] performs equalization in the frequency domain while the receiver in the current investigation equalizes in time domain.

When using the optimized WIDER pulse shape the performance is similar between the two receivers for QPSK and 16QAM while the currently investigated receiver has superior performance for 32QAM.
Both receivers have shown significant gains when using the WIDER pulse on link level with rough gains of 0-50 % for the Ericsson receiver model while gains of roughly 50-100 % has been shown for the receiver in [2].

Also, performance compared to the currently proposed performance requirements for EGPRS2-B has been included. It can be seen that for co-channel performance, the receiver used in the current paper seems well in line with the performance proposed by different mobile vendors.
5 Conclusion

This contribution has evaluated the performance of EGPRS2-B in DL by comparing an MS receiver model from Ericsson with: 

· the receiver in [2].

· proposed performance requirements for EGPRS2-B.

Based on the results:

· It is questioned if the receiver performance shown for the reference case (Linearized GMSK transmit pulse) in [2], is representative of future EGPRS2-B DL performance.

· Since the system simulations in [3] was based on the link performance from [2] it is believed that lower gain figures than shown in [3] could be expected if a modified receiver, reflecting the performance of different MS vendors, would be used in the system level evaluation.
· The MS receiver used in this contribution shows significant gains between 0-50 % on link level for the investigated interference scenario by introducing a wider pulse shape. System level simulations to estimate system gains are left FFS.
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