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	First mofidied subclause


5a
Concept description

In this sub clause an overall concept description of each proposed candidate techniques is given. 
The description is based on the design used in the analysis on Impact to base station and mobile station (Section 6.6) and in the section on Comparison of PC EGPRS2 with EGPRS2 performance (Section 8).
The TR can also contain other design alternatives within the same candidate technique. However, these have not been used for the final proposal of each respective candidate technique.

5a.1
Single Block Precoded EGPRS2 – SBPCE2
Single Block Precoded EGPRS2 introduces an IDFT precoder module in the transmitter chain to form a single OFDM symbol modulated upon the GSM carrier frequency. Since only a precoder module is inserted in the transmitter chain the useful part of the burst is still pulse shaped as in legacy operation, keeping the spectral properties of the signal. 

The IDFT is applied to both payload and TSC symbols in the burst. Conventional tail symbols used for up/down ramp and providing known states for the termination of the trellis search are discarded, and, instead these symbols are used to add a cyclic prefix to the transmitted OFDM symbol to keep the orthogonality of the transmitted sub carriers, taking the added time dispersive nature of Tx/Rx filters and channel propagation into account. 
By applying the precoder module in the transmitter the Peak-to-Average (PAR) of the signal is significantly increased, and stochastic in nature, compared to the deterministic PAR characteristics of EGPRS2. In order to reduce the PAR without adding clipping distortion to the signal, a rotation based PAR reduction is applied where the TSC symbols and half of the data symbols are rotated. A predetermined set of rotation angles are used and for each burst the most suitable rotation angle is chosen. Rotation based PAR reduction is only applied to DBS-11b/12b since for lower MCSs the SINR operating range of the MCSs increases the detection error of the rotation and thus degrades performance, see subclause 6.4.1.
The number of total symbols in the burst has been kept, to the farthest extent possible, similar to the legacy EGPRS2 burst format while still finding a DFT size suitable for efficient FFT operations. The DFT sizes used for level A and B is 144 and 162 respectively to enable FFT Radix size of two and three, see subclause 6.2.1.1.
Since the tail symbols are discarded, and with an IDFT size of 144 for level A, a ramp function is applied to the signal, as decribed in Section 6.2.7.1, to comply with the normal burst duration and preserve spectrum due to switching transients, see subclause 6.2.7.1.

For level B the IDFT size of 162 will reduce the OFDM symbol duration and thus a longer CP has been added compared to the one used for level A, see 6.2.2.1.
Mixed modulations in the burst have been investigated as a means to keep the bit energy constant over the burst, despite suppression from the Tx filter on the edge carriers. It was found that the gains were depending on scenario investigated and thus it has not in general been applied to the design. However, with the chosen DFT size of 162 for level B a certain amount of modulation mix has been applied together with a reduced TSC length, compared to the 32 symbols currently used for EGPRS2-B, see subclause 6.2.5.1 and 6.2.1.1.
To improve performance of the higest MCSs in each respective EGPRS2 set, 64QAM modulation is used for MCSs (DAS-10b/11b/12b and DBS-10b/11b/12b). Further, to improve coderate, the number of TSC/pilot symbols has been reduced to 16 for these MCSs, see subclause 6.1.1.1.4.
The channel coding definitions, of the MCSs in terms of SF, USF, PAN, Payload and Header have been kept intact for all MCSs except for the three highest in each set where the rate of the channel coding for the payload have been reduced, while keeping the payload size. Also, rate matching and interleaving have been optimized for the highest MCSs.
The burst mapping has been modified with the TSC symbols evenly spread over sub carriers not significantly suppressed by the transmit pulse shape while for sub carriers attenuated at the carrier bandwidth edge, consecutive tranining/pilot symbols are used to improve channel estimation and equialization.
In order for the receiver to blindly detect the modulation used in the burst, a predefined set of circular shifts of the TSC symbol vector is performed, see 6.3.1. 
To keep the performance of USF and the relative performance of SF/Header to data intact, the currently defined mapping of bits in each half burst is circularly shifted. The shift is different depending on the MCSs used and is performed to map the USF/SF/Header fields on stronger sub channels than what is achieved with the current EGPRS2 mapping. Also, bit swapping is applied to place the SF/Header bits, and the USF bits for 8PSK, on strong bit positions in the burst (for higher order modulations the USF bits are mapped to full symbols, as is done for EGPRS2), see subclause 6.2.4.1.
The design of Single Block EGPRS2 described in this sub clause, is captured in table 5a.1-1 and table 5a.1-2 for SBPCE2-A and SBPCE2-B respectively.

Table 5a.1-1. MCS design of SCPCE2-A.
	MCS
	DAS-5
	DAS-6
	DAS-7
	DAS-8
	DAS-9
	DAS-10b
	DAS-11b
	DAS-12b

	Modulation
	8PSK
	16QAM
	64QAM

	Bit rate
[kbps/TS]
	22.4
	27.2
	32.8
	44.8
	54.4
	65.6
	81.6
	98.4

	Sub-carrier spacing
	1.88 kHz

	CP length
	6 NSR symbols [22.2 (s]

	DFT size
	144

	Radix sizes
	2,3

	TSC symbols
	26
	16

	Payload symbols
	118
	128

	Padded symbols
	0

	Rotation based PAR reduction
	No
	No
	No
	No
	No
	No
	No
	No

	Mixed modulation
	No
	No
	No
	No
	No
	No
	No
	No

	Burst definition/limitation by predefined ramp
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Circ. shift of burst mapping
	50
	45
	70
	75
	50

	Code rate (w/o PAN)
	0.37
	0.45
	0.54
	0.56
	0.68
	0.47
	0.59
	0.70

	# puncturing patterns
	2
	2
	2
	2
	3
	2
	2
	3

	Swap parameter in rate matching [%]
	5
	0
	0
	0
	0
	5
	0
	0

	Interleaver type
	(1)
	1
	1
	1

	Interleaver parameter ‘a’
	(1)
	199
	641
	117

	NOTE1: Interleaver of MCS-5, see 3GPP TS45.003


Table 5a.1-2. MCS design of SCPCE2-B.

	MCS
	DBS-5
	DBS-6
	DBS-7
	DBS-8
	DBS-9
	DBS-10b
	DBS-11b
	DBS-12b

	Modulation(1)
	QPSK
	16QAM
	64QAM

	Bit rate

[kbps/TS]
	22.4
	29.6
	44.8
	59.2
	67.2
	88.8
	108.8
	118.4

	Sub-carrier spacing
	2.01 kHz

	CP length
	15 HSR symbols [46.2 (s]

	DFT size
	162

	Radix sizes
	2,3

	TSC symbols
	26
	16

	Payload symbols
	136
	146

	Padded symbols
	0

	Rotation based PAR reduction
	No
	No
	No
	No
	No
	No
	Yes
	Yes

	Mixed modulation (each burst half)
	QPSK: 66

8PSK: 2
	16QAM: 64
32QAM: 4
	No
	No
	No

	Burst definition/limitation by predefined ramp
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Circ. shift of burst mapping
	45
	55
	65
	40
	20
	0

	Code rate (w/o PAN)
	0.49
	0.63
	0.47
	0.60
	0.71
	0.56
	0.70
	0.75

	# puncturing patterns
	2
	2
	2
	2
	3
	2
	3
	3

	Swap parameter in rate matching [%]
	5
	15
	0
	10
	0
	0
	0
	5

	Interleaver type
	1
	1
	1
	1
	1

	Interleaver parameter ’a’
	173
	325
	283
	318
	595

	NOTE1: Main modulation


* Main modulation
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