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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 concept of Mixed Mode Modulation (MMM) has previously been identified as one such enhancement. This Pseudo CR proposes to include the latest findings on MMM into the SPEED Technical Report (TR) 45.860.
1.2 Reason for change

The concept of MMM was in contribution ‎[2] identified as one possible burst formatting application, and in ‎[3] its impact on PCE2-A and PCE2-B performance is thoroughly investigated. The intention of this pCR is to capture the most relevant findings presented in ‎[3] and proposes to include them in the SPEED TR.
1.3 Summary of change

This pCR presents the concept of MMM, it describes a method to derive a set of MMM schemes and presents the impact on header and data BLER performance from MMM. Reference ‎[3] shall be included at the end of sub-clause 6.2 once a reference sub-clause has been added to the SPEED TR.
2 pCR to 3GPP TR 45.860
	                                   FIRST SUBCLAUSE MODIFICATIONS


6.2.5
Modulation scheme

The introduction of the precoder module allows for different mapping of the encoded bits onto modulation symbols.

This sub-clause contains evaluation of different mappings of bits to modulation symbols in the burst.

6.2.5.1 
Mixed Mode Modulation

6.2.5.1.1 Concept

Precoded EGPRS2 (PCE2) utilizes orthogonal frequency division multiplexing (OFDM) to transmit symbols modulated upon orthogonal sub carriers. It is known ‎[1] that the low pass characteristics of the GSM pulse shaping filter will attenuate sub carriers located in the proximity of the edges of the signal bandwidth (BW).

To counteract this inherent property of PCE2 lower order modulated (LOM) symbols can be modulated upon the sub carriers at the BW edges. This mixture of modulations adapts the energy per bit to compensate for the decreased energy per symbol caused by the pulse shaping filter.

6.2.5.1.2 Evaluation method

To derive an optimal mixture of modulations the Raw BER performance of a given MCS was simulated at a SINR corresponding to the 10% Data BLER operative point. This was done for a large set of modulation mixtures. A detailed list of simulation assumptions are presented in table 6.2.5.1-1. For more information please see ‎[3].

To study the general applicability of the derived MMM patterns Data and Header BLER performance of each MCS was simulated with and without the derived MMM pattern activated. 

6.2.5.1.3 Simulation assumptions and results

The optimal mixture of modulations was derived in a sensitivity limited scenario given a TU50nFH propagation environment. The Data and Header BLER performance of the optimal mixture was then evaluated in

· a sensitivity limited scenario, 

· a CO-channel and 

· a modified DTS-2 interference scenario. 

This evaluation was completed for TU50nFH, HT100nFH and RA250nFH channels. A detailed list of simulation assumptions are presented in table 6.2-1.

Table 6.2-1 Simulation assumptions.

	Parameter
	Value

	Link direction
	Downlink

	Frequency band
	900MHz

	Channel model
	TU50nFH, HT100nFH, RA250nFH

	Simulated scenario
	Interference limited 

· Modified DTS-2

· CO channel interference

Sensitivity limited scenario

	Interference modulation
	GMSK

	MCSs
	DAS5-DAS11, DBS5-DBS11.

	TSC placement
	According to ‎[4]

	Burst length
	According to ‎[5]

	CP length
	PCE2-A: 6 

PCE2-B: 9

	RX BW
	PCE2-A: 240kHz

PCE2-B: 275kHz

	ICI equalization
	No

	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]


Table 6.2-2 and Table 6.2-3 summarizes the MMM patterns for PCE2-A and PCE2-B providing the best Raw BER performance given the sensitivity limited scenario and TU50noFH propagation model.

Table 6.2 -2 MMM patterns derived for PCE2-A.

	MCS 
	64QAM
	32QAM
	16QAM
	8PSK
	QPSK
	BPSK

	DAS-10/11
	28
	11
	13
	3
	3
	0

	DAS-8/9
	0
	24
	21
	2
	11
	0

	DAS-5/6/7
	0
	0
	28
	8
	16
	6


Table 6.2-3 MMM patterns derived for PCE2-B.

	MCS 
	64QAM
	32QAM
	16QAM
	8PSK
	QPSK
	BPSK

	DBS-10/11
	40
	6
	14
	1
	8
	0

	DBS-7/8/9
	12
	16
	20
	2
	19
	0

	DBS-5/6
	0
	0
	8
	10
	25
	26


The tables below summarize the relative Data BLER and Header BLER performance improvements when MMM is activated compared to the performance achieved without MMM. If a BLER target could not be reached no value is presented in the corresponding cell.  

Table 6.2-3 PCE2-A and 2-B Data and Header BLER improvement in sensitivity limited scenario.

	MCS

	Data / Header

improvements @ 10% / 1% BLER


		MMM, Opt RawBER


		TU50nFH

	HT100nFH

	RA250nFH


	DAS-5

	0.2 / 4.9  

	0.3 / 5.3    

	0.2 / 5.6   


	DAS-6

	0.3 / 4.9 

	0.4 / 5.3  

	0.2 / 5.6  


	DAS-7

	0.4 / 4.9   

	0.6 / 5.3  

	0.4 / 5.6  


	DAS-8

	-0.6 / 6.2   

	-0.5 / 6.5  

	-1.3 / 6.8   


	DAS-9

	-0.4 / 6.2   

	-0.5 / 6.5  

	-5.3 / 6.8  


	DAS-10

	0.0 / 4.6   

	0.1 / 5.4  

	
	DAS-11

	-0.0 / 4.9   

	-1.2 / 6.1  

	

	
	MCS

Data/Header

improvements @ 10% / 1% BLER

MMM, Opt RawBER

TU50nFH

HT100nFH

RA250nFH

DBS-5

0.4 / 5.4  

0.6 / 6.3   

0.5 / 5.4  

DBS-6

0.7 / 5.4  

0.7 / 6.3   

0.4 / 5.4  

DBS-7

0.1 / 3.1 

0.1 / 3.6   

-0.3 / 3.1  

DBS-8

0.5 / 3.1   

0.6 / 3.6  

-2.0 / 3.1  

DBS-9

0.8 / 3.2  

0.6 / 3.7  

DBS-10

1.1 / 0.9  

1.2 / 0.4  

DBS-11

-1.3 / 0.1  




Table 6.2-4 PCE2-A and 2-B Data and Header BLER improvement in CO channel interference scenario.

	MCS

	Data / Header

improvements @ 10% / 1% BLER


		MMM, Opt RawBER


		TU50nFH

	HT100nFH

	RA250nFH


	DAS-5

	-1.0 / 2.6  
	-0.6 / 3.3  
	-0.8 / 3.0   

	DAS-6

	-1.0 / 2.6  
	-0.8 / 3.3  
	-1.1 / 3.0  

	DAS-7

	-1.2 / 2.6  
	-0.9 / 3.3  
	-1.2 / 3.0  

	DAS-8

	-1.6 / 4.0  
	-1.6 / 4.6  
	-2.4 / 5.1  

	DAS-9

	-1.8 / 4.0  
	-1.8 / 4.6  
	-6.1 / 5.1  

	DAS-10

	-1.2 / 3.6  
	-1.1 / 4.4  
	
	DAS-11

	-1.6 / 3.7  
	-2.5 / 4.4   
	

	
	MCS

Data / Header

improvements @ 10% / 1% BLER

MMM, Opt RawBER

TU50nFH

HT100nFH

RA250nFH

DBS-5

-1.2 / 3.8   
-1.0 / 4.7  
-1.2 / 4.4   
DBS-6

-1.5 / 3.8  
 -1.3 / 4.7  
-1.9 / 4.4  
DBS-7

-1.0 / 2.8  
-0.8 / 3.0  
-1.6 / 3.7  
DBS-8

-1.4 / 2.8  
-1.1 / 3.0  
-4.3 / 3.7  
DBS-9

-1.5 / 3.0  
-1.3 / 3.7  
DBS-10

-0.7 / 0.8  
-0.5 / 0.8  
DBS-11

-4.6 / 0.5  



Table 6.2-5 PCE2-A and 2-B Data and Header BLER improvement in modified DTS-2 channel interference scenario.

	MCS

	Data / Header

improvements @ 10% / 1% BLER


		MMM, Opt RawBER


		TU50nFH

	HT100nFH

	RA250nFH


	DAS-5

	-0.5 / 4.9   
	-0.2 / 5.5   
	-0.5 / 5.6   

	DAS-6

	-0.6 / 4.9  
	-0.3 / 5.5  
	-0.6 / 5.6  

	DAS-7

	-0.6 / 4.9  
	-0.3 / 5.5  
	-0.7 / 5.6  

	DAS-8

	-1.3 / 6.1  
	-1.2 / 6.6  
	-2.1 / 7.3  

	DAS-9

	-1.3 / 6.1  
	-1.4 / 6.6  
	-5.8 / 7.3  

	DAS-10

	-0.7 / 4.8  
	-0.6 / 5.8  
	
	DAS-11

	-1.1 / 5.0  
	-2.3 / 6.0  
	

	
	MCS

Data / Header

improvements @ 10% / 1% BLER

MMM, Opt RawBER

TU50nFH

HT100nFH

RA250nFH

DBS-5

0.1 / 6.3   

0.2 / 6.9   

0.2 / 6.3  
DBS-6

0.2 / 6.3  
0.4 / 6.9  
0.3 / 6.3  
DBS-7

-0.1 / 2.9  
0.0 / 4.0  
-0.4 / 3.5  
DBS-8

0.2 / 2.9  
0.2 / 4.0  
-1.7 / 3.5  
DBS-9

0.3 / 3.3  
0.5 / 3.8  
DBS-10

0.9 / 0.3  
1.3 / 0.8  
DBS-11

-0.9 / 0.0 



6.2.5.1.3 Conclusion

Since the Header is modulated upon sub carriers located at the edges of the signal BW the Header BLER performance is as expected improving from MMM in all studied scenarios. 

The relative performance of Data BLER is dependent upon scenario and propagation model. It is seen that PCE2-A Data BLER shows gains in the sensitivity limited scenario and degradation in the interference limited scenarios. PCE2-B Data BLER shows gains both in sensitivity limited and the modified DTS-2 scenario, while degradation is observed in the CO-channel interference scenario.

The reason for larger degradations in the CO-channel scenario is that the spectral characteristics of the interference is identical to the spectral characteristics of the carrier and a more constant C/I per sub carrier is experienced, where a mix modulations does not improve channel capacity.

It can further be seen that the relative gains/losses seen are consistent for different propagation conditions. When larger degradations are observed in especially the RA250nFH, it is due to the target BLER being close to an error floor.

	                                   END OF MODIFICATIONS
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