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1 Introduction
1.1 Background Information

One objective in the WID on SPEED [1] is to investigate possible enhancements in Precoded EGPRS2 (PCE2) burst formatting. The placement of training sequence symbols is identified as one candidate. This Pseudo CR proposes to include the latest findings on training symbol placement in PCE2 DL into the SPEED Technical Report (TR). 
1.2 Reason for change

In PCE2, the placement of training symbols affects the quality of the channel estimate, thus the channel capacity. In [3], different criteria and methodologies for the training symbol placement design have been evaluated and tuned. The intention of this pCR is to capture the most relevant findings in [3], and proposes to include them in the SPEED TR.
1.3 Summary of change

This pCR presents the criteria and methodologies for training symbol placement design. The training symbol placements are evaluated and tuned based on simulations. A recommendation of the training symbol placement for PCE2A/PCE2B is made. 
2 pCR to 3GPP TR 45.860

	                                   FIRST SUBCLAUSE MODIFICATIONS


6.2.3 

TSC symbol position

This sub-clause evaluates different positioning of the training symbols for improved performance.

6.2.3.1 
Design Criteria
In Precoded EGPRS2[2], the channel estimate is performed based on the training symbols, which are spread over the transmitted burst. To achieve good quality of the channel estimate and increased throughput, the placement of the training symbols should be carefully designed. 

In the following sub-clauses two design criteria are presented and evaluated to find best the placement of the training symbols,.

6.2.3.1.1 Minimum Mean Square Error (MMSE) criterion 

Under the MMSE criterion, a good training symbol placement 
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where 
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is the channel frequency response estimate for the 
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-th symbol. 

Given Additive White Gaussian Noise (AWGN) and flat fading channel, the optimal training symbol placement based on MMSE criterion are those that are equally spaced. The training symbol indices can be calculated by:
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with L the DFT size, 
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 the training sequence length, and
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the index of the first training symbol.  

6.2.3.1.2 Balance Signal-to-Noise Ratio (SNR) criterion
Due to the low-pass characteristic of a GSM/EDGE channel, the instantaneous SNR for symbols transmitted at the edge of the frequency band in a PCE2 burst will always be lower than that for those transmitted in the middle of the frequency band. By placing training symbols at different positions, the instantaneous SNR can be adjusted.

Consider the signal tap model for PCE2:
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where the noise term consists of both the noise (and interference) Ni, and the channel estimation error
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. Expectation of the instantaneous SNR is calculated as:
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with 
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contributing to the SNR calculation. By modifying the training symbol placement, and hence the MSE, the instantaneous SNR over the burst can be adjusted towards a more balanced form. Please refer to [3] for illustration of the SNR balancing effect. 

To make the design feasible, the following constraints are used:

· The training symbols are placed symmetrically over the part consisting of payload and training symbols;

· In the center of the burst, the training symbols are consecutively placed to achieve a lower MSE in this part (the weak taps), thus increase the SNR for this part;

· In other parts of the burst, the training symbols are evenly placed.
A simplified implementation of training symbol placement, denoting as 
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is calculated as follows. The Matlab operators “:” and 
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will be used.
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with 
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denotes the index of the first training symbol, and 
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the number of training symbols concentrated in the middle of the burst.
Figure6.2.3-1 illustrates the concentrated training symbol placement according to the above procedure.
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Figure 6.2-1: Burst with training symbols intercalated. 

6.2.3.2 Evaluation of training symbol placement
In this section, performances with different training symbol placements based on design criteria in 6.2.3.1 are evaluated. The design parameters are tuned and a recommendation of the training symbol placement is made.

6.2.3.2.1 Simulation Assumptions

A detailed list of simulation assumptions are presented in table 6.2.3-1.

Table 6.2-1 Simulation assumptions.

	Parameter
	Value

	MCSs
	DAS5-DAS11, and DAS-12b, 

DBS7-DBS11, and DBS-12b

	Burst length
	According to [4]

	CP length
	PCE2A: 6

PCE2B: 9

	RX BW 
	PCE2A: 240kHz

PCE2B: 275kHz

	Channel propagation
	TU50nFH, TU3iFH, Static

	Interference
	AWGN, CO, DTS-2  

	Frequency band
	900 MHz

	Frames
	5000

	Impairments

  - Phase noise 

- I/Q gain imbalance 

- I/Q phase imbalance 

  - DC offset 

  - Frequency error 
	Ericsson typical TX/RX impairments:

0.8 / 1.0   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 1.5   [degrees]

-45 / -40  [dBc]

  -   / 25   [Hz]


The training symbol placements evaluated are the uniform placement based on MMSE criterion, 
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 and the concentrated placements based on balancing SNR criterion, 
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The data BLER is used as an indication for the overall impact. 

6.1.1.3.2 Simulation Results and conclusions

The evaluation process involves:

· Tuning the concentrated training symbol placement, including the first training symbol, 
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, and the number of concentrated training symbols, 
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in both sensitivity and interference limited scenarios (single interference and multiple interferences);

· Performance comparison with uniform placement and concentrated placement, in both sensitivity and interference limited scenarios.
An example of performance comparison between uniform and concentrated TSC placement can be seen in Figure 6.1-1.
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Figure 6.1-1. Performance of different training symbol placements in sensitivity.
It can be seen that the concentrated placement generally outperforms the uniform placement, which results from a balanced SNR. In TU channel, the gain with concentrated placement can be over 1dB for SNR below 24dB, and in static channel, an overall improvement up to 2dB is achieved. It can also be noticed that, in static channel, the gain increases as more training symbols are concentrated, which is well aligned with the theoretical analysis of a more balanced SNR.
Please refer to [3] for a detailed information about the evaluation and simulation results.

The following conclusions are reached based on the evaluation:

· Both the MMSE criterion and the balancing SNR criterion can be used to reach a reasonable design of the training symbol placement; 

· The effectiveness of the balancing SNR criterion is limited by non-AWGN noise, unknown and fading channel, and constraints made for design simplicity;

· For sensitivity, the concentrated placement outperforms the uniform placement (especially at low SNR region). The gain is up to 1dB in TU channel and up to 2dB in a Static channel. 

· In single interference case, concentrated placement is outperformed by the uniform placement. The degradation is up to 1.5dB.  The gap steadily closes as 
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increases;

· In multi-interference case, the concentrated placements generally outperform the uniform placement.  At high C/I region, the uniform placement outperforms concentrated placements with a lower 
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;
· The placement of the first training symbol, 
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, does not affect the performance much in both sensitivity and interference limited scenario. The differences are within 0.2dB for the simulated scenarios.

It is therefore recommend to use a concentrated training symbol placement, with moderate amount of concentrated training symbols, to have non-negligible gain in sensitivity and multi-interference scenario, while only a small degradation in single interference case. For PCE2A, 
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is recommended; for PCE2B, 
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