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************* First Modified Section **********

1.1
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.  In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: “Vocabulary for 3GPP Specifications”.
[2]
3GPP TS 45.001: “Physical Layer on the Radio Path (General Description)”.

[3]
3GPP TS 45.002: “Multiplexing and multiple access on the radio path”.

[4]
3GPP TS 45.005: “Radio transmission and reception”.
[5]
3GPP TS 45.010: “Radio subsystem synchronization”.
[6]
3GPP TS 44.060: “Radio Link Control/ Medium Access Control (RLC/MAC) protocol”.
************* Next Modified Section **********

2.1
Modulating symbol rate

The modulating symbol rate is the normal symbol rate which is defined as 1/T = 1 625/6 ksymb/s (i.e. approximately 270.833 ksymb/s), which corresponds to 1 625/6 kbit/s (i.e. 270.833 kbit/s). T is the normal symbol period (see 3GPP TS 45.010).

************* Next Modified Section **********

3.1
Modulating symbol rate

The modulating symbol rate is the normal symbol rate which is defined as 1/T = 1 625/6 ksymb/s (i.e. approximately 270.833 ksymb/s), which corresponds to 3*1 625/6 kbit/s (i.e. 812.5 kbit/s). T is the normal symbol period (see 3GPP TS 45.010).

************* Next Modified Section **********

4
Modulation format for 16QAM and 32QAM at the normal symbol rate 
4.1
Modulating symbol rate

The modulating symbol rate is the normal symbol rate which is defined as 1/T = 1625/6 ksymb/s (i.e. approximately 270.833 ksymb/s), which corresponds to 4*1625/6 kbit/s (i.e. approximately 1083.3 kbit/s) for 16QAM and to 5*1625/6 kbit/s (i.e. approximately 1354.2 kbit/s) for 32QAM. T is the normal symbol period (see 3GPP TS 45.010).
4.2
Symbol mapping

The modulating bits are mapped to symbols according to Table 2 for 16QAM and Table 3 for 32QAM.

Table 2: Mapping between modulating bits and 16QAM symbols.
	Modulating bits

d4i, d4i+1, d4i+2, d4i+3
	16QAM symbol

si

	
	I
	Q

	(0,0,0,0)
	
[image: image1.wmf]10

1


	
[image: image2.wmf]10

1



	(0,0,0,1)
	
[image: image3.wmf]10

1


	
[image: image4.wmf]10

3



	(0,0,1,0)
	
[image: image5.wmf]10

3


	
[image: image6.wmf]10

1



	(0,0,1,1)
	
[image: image7.wmf]10

3


	
[image: image8.wmf]10

3



	(0,1,0,0)
	
[image: image9.wmf]10

1


	
[image: image10.wmf]10

1

-



	(0,1,0,1)
	
[image: image11.wmf]10

1


	
[image: image12.wmf]10

3

-



	(0,1,1,0)
	
[image: image13.wmf]10

3


	
[image: image14.wmf]10

1

-



	(0,1,1,1)
	
[image: image15.wmf]10

3


	
[image: image16.wmf]10

3

-



	(1,0,0,0)
	
[image: image17.wmf]10

1

-


	
[image: image18.wmf]10

1



	(1,0,0,1)
	
[image: image19.wmf]10

1

-


	
[image: image20.wmf]10

3



	(1,0,1,0)
	
[image: image21.wmf]10

3

-


	
[image: image22.wmf]10

1



	(1,0,1,1)
	
[image: image23.wmf]10

3

-


	
[image: image24.wmf]10

3



	(1,1,0,0)
	
[image: image25.wmf]10

1

-


	
[image: image26.wmf]10

1

-



	(1,1,0,1)
	
[image: image27.wmf]10

1

-


	
[image: image28.wmf]10

3

-



	(1,1,1,0)
	
[image: image29.wmf]10

3

-


	
[image: image30.wmf]10

1

-



	(1,1,1,1)
	
[image: image31.wmf]10

3

-


	
[image: image32.wmf]10

3

-




Table 3: Mapping between modulating bits and 32QAM symbols.
	Modulating bits

d5i, d5i+1, d5i+2, d5i+3, d5i+4
	32QAM symbol
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4.3
Start and stop of the burst

Before the first bit of the bursts as defined in 3GPP TS 45.002 enters the modulator, the state of the modulator is undefined. Also after the last bit of the burst, the state of the modulator is undefined. The tail symbols (see 3GPP TS 45.002) define the start and the stop of the active and the useful part of the burst as illustrated in figure 4. Nothing is specified about the actual phase of the modulator output signal outside the useful part of the burst.
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Figure 4: Relation between active part of burst and tail symbols. For the normal burst the useful part lasts for 147 modulating symbols.

4.4
Symbol rotation

The symbols are continuously rotated with φ radians per symbol before pulse shaping, where φ  = π/4 and -π/4 for 16QAM and 32QAM respectively. The rotated symbols are defined as


[image: image98.wmf]j

ji

i

i

e

s

s

×

=

ˆ


4.5
Pulse shaping

The modulating symbols 
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 as represented by Dirac pulses excite a linear pulse shaping filter. This filter is the linearised GMSK pulse as defined in 3.5.
4.6
Modulation

The modulated RF carrier during the useful part of the burst is:
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where y(t') is the base band signal (see 3.5), Es is the energy per modulating symbol, f0 is the centre frequency and (0 is a random phase and is constant during one burst.
5
Modulation format for QPSK, 16QAM and 32QAM at the higher symbol rate
5.1
Modulating symbol rate

The modulating symbol rate is the higher symbol rate which is defined as 1/T = 325 ksymb/s, which corresponds to 650 kbit/s for QPSK, to 1300 kbit/s for 16QAM and to 1635 kbit/s for 32QAM. T is the reduced symbol period (see 3GPP TS 45.010). 

5.2
Symbol mapping

The modulating bits are mapped to symbols according to Table 4 for QPSK, Table 2 for 16QAM and Table 3 for 32QAM.
Table 4: Mapping between modulating bits and QPSK symbols.
	Modulating bits

d2i, d2i+1
	QPSK symbol
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5.3
Start and stop of the burst

Before the first bit of the bursts as defined in 3GPP TS 45.002 enters the modulator, the state of the modulator is undefined. Also after the last bit of the burst, the state of the modulator is undefined. The tail symbols (see 3GPP TS 45.002) define the start and the stop of the active and the useful part of the burst as illustrated in figure 5. Nothing is specified about the actual phase of the modulator output signal outside the useful part of the burst.
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Figure 5: Relation between active part of burst and tail symbols. For the higher symbol rate burst (see 3GPP TS 45.001) the useful part lasts for 176 modulating symbols.

5.4
Symbol rotation

The symbols are continuously rotated with φ radians per symbol before pulse shaping, where φ  = 3π/4, π/4 and -π/4 for QPSK, 16QAM and 32QAM respectively. The rotated symbols are defined as
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5.5
Pulse shaping

The modulating symbols 
[image: image111.wmf]i
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 as represented by Dirac pulses excite one of the following linear pulse shaping filters:
· a spectrally wide pulse shape which is [tbd].
· a spectrally narrow pulse shape which is the linearised GMSK pulse as defined in 3.5.
For the uplink, the pulse shape that shall be used when transmitting a burst is dependent on the parameter 'Pulse format' that is sent during assignment (see 3GPP TS 44.060). For the downlink the spectrally narrow pulse shape shall be used.
5.6
Modulation

The modulated RF carrier during the useful part of the burst is:
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where y(t') is the base band signal defined in 3.5 for the spectrally narrow pulse shape and the base band signal defined in 5.5 for the spectrally wide pulse shape, Es is the energy per modulating symbol, f0 is the centre frequency and (0 is a random phase and is constant during one burst.
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