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1 Introduction
1.1 Background Information
To receive and demodulate a Precoded EGPRS2 (PCE2) burst [1], blind modulation detection (BMD) for PCE2 needs to be performed.
1.2 Reason for change

The intention of this pCR is to present the method and performance of blind detection in PCE2.
1.3 Summary of change

This pCR presents the method for blind detection in PCE2, based on signaling the modulations with circular shifted training sequence. The blind detection performance, are also shown.
2 pCR to 3GPP TR 45.860

	                                   FIRST SUBCLAUSE MODIFICATIONS


6.3 
Blind detection

To receive and demodulate a precoded burst, blind modulation detection - BMD - needs to be performed.

This sub-clause contains methods and evaluations of blind detection for MS supporting both EGPRS2 and PC EGPRS2 where both EGPRS2 and PC EGPRS2 need to be blindly detected 
NOTE: Impact on BMD of MSs supporting only PC EGPRS2 is considered to be covered by this evaluation.

6.3.1 

Blind Detection in Precoded EGPRS2 (PCE2)

6.3.1.1 
Scope of blind detection in PCE2

For PCE2, the blind detection involves:

· Detect between an EGPRS2 and PC EGPRS2 user;

· Detect between level A and level B (for PC EGPRS2B) ;

· Detect the modulation type.

The method is described in the following section. For more information please refer to [3].

6.3.1.2 Method of blind detection in PCE2 

Modulations in PCE2 can be signaled by circularly shifting the TSC with an unique offset for each modulation type. If m denotes the offset for a given modulation type, the m-shifted  training sequence
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used for burst formatting is obtained by:
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where circshift denotes the operation of circular shift. 

Depending on the signaling method, blind detection at the demodulator can be carried out in a similar way as EGPRS2, with the difference that the training sequence is circularly shifted instead of rotated. Detecting the modulation type is therefore equivalent to finding the offset that gives the best detection metric. The procedure is illustrated in Figure 6.3-1. Blocks added to facilitate BMD are highlighted in green.
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Figure 6.3-1: Blind detection of modulation type based on circular shifted training sequence.

The different modulation signaling methods used in EGPRS2 and PCE2 enable the detection between an EGPRS2 and a PCE2 user. The procedure is illustrated in Figure 6.3-2. In the RX selection block, the user type and the modulation type are detected together as the one that gives the best metric.
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Figure 6.3-2: Blind detection of receiver type based on circular shifted training sequence.

No additional functions are need to detect between level A and level B, as the different symbol rates and different settings (training symbol placement etc. in PCE) are expected to result in a sufficiently higher (or lower) metric for the selection process to perform a successful detection. The only change involved is that the detection must be performed among a larger number of candidates.
6.3.1.3 Computational complexity of blind detection in PCE2

The following aspects contribute to the computational complexity increase of blind detection in PCE2, comparing with that in EGPRS2:

· A Fast Fourier Transform (FFT) has to be performed .

· The blind detection procedure for EGPRS2 also needs to be performed in order to detect between a PCE2 and EGPRS2 user;

· Circular shift of training sequence, which adds negligible computations.

With the DFT size 144 (2*2*2*2*3*3) and 168 (2*2*2*3*7) [2] proposed for PC EGPRS2A and PC EGPRS2B, the FFT calculation can be optimized, thus limiting the increase of computational complexity due to the addition of FFTs.  

To summarize, the computational complexity of blind detection in PCE2, given method in 6.3.1.2, is roughly twice the complexity of blind detection for EGPRS2 plus the computation of the FFT.

6.3.1.4 Simulation Assumptions and Results

6.3.1.4.1 Simulation Assumptions
Table 6.3-1 lists the common simulation assumptions in the evaluation.
Table 6.3-1 Simulation assumptions.

	Parameter
	Value

	MCSs
	DAS5-DAS11 and DAS-12b, 

DBS7-DBS11 and DBS-12b

	Channel propagation
	TU50nFH

	Interference
	AWGN, CO, DTS-2 modified  [4]

	Frequency band
	900 MHz

	Frames
	5000

	TSC placement
	According to [5]

	Burst length
	According to [6]

	CP length
	PCE2-A: 6 

PCE2-B: 9

	RX BW
	PCE2-A: 240kHz

PCE2-B: 275kHz

	ICI Suppression
	No

	TX/RX impairments

  - Phase noise 

- I/Q gain imbalance 

- I/Q phase imbalance 

  - DC offset 

  - Frequency error 
	Ericsson typical TX/RX impairments:

0.8 / 1.2   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 2.0   [degrees]

-45 / -40  [dBc]

  -   / 25   [Hz]


The offsets used for each modulation type are listed in Table 6.3-2. The cross-correlation property of the circular shifted training sequences is verified and no degradation has been observed in CO-channel interference scenario.
Table 6.3-2: Offsets used for circular shift training sequence. 

	Modulation type
	8PSK
	16QAM
	32QAM
	64QAM

	Offset
	0
	2
	5
	7


6.3.1.4.2 Simulation Results
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Figure 6.3-3 shows the PCE2-A and PCE2-B performance of blind detection based on the circular shifted training sequence, in interference limited and noise limited scenario respectively. It can be seen that the modulation type (8PSK/16QAM/32QAM/64QAM), user type (EGPRS2/PCE2) and levels (LevelA/LevelB for PCE2B) can be correctly detected. The performance difference between ideal blind detection and blind detection based on circular shift training sequence is negligible for the simulated scenarios.

Figure 6.3-3: Performance of BD based on circular shift training sequence, PCE2.
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