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********************************* First modified subclause ***********************************
6.1
DAS-12b/DBS-12b

A re-definition of DAS-12 and DBS-12, DAS-12b for EGPRS2-A and DBS-12b for EGPRS2-B respectively is foreseen in order to optimize performance. The payload size of each MCS, i.e. 3x82 bytes and 4x74 bytes for DAS-12 and DBS-12 respectively are to be kept.

This sub-clause evaluates modifications in the MCS design and its impact on performance.

6.1.1 
Burst formatting of DAS-12b and DBS-12b
6.1.1.1 

Burst formatting for Single Block PCE2

6.1.1.1.1 
Introduction

This sub-clause proposes a new burst formatting design for DAS-12b and DBS-12b for Single Block PCE2 in terms of 
· Mapping of bits onto modulation symbols and

· Burst mapping of Header and Data fields. 

For the mapping of bits onto modulation symbols the objective is to find the best mixed mode modulation combination for DAS-12b and DBS-12b in terms of optimal throughput performance.

For the burst mapping of Header and Data fields the objective is to derive 

· header bit swapping, which swaps header bits at weak positions with data bits at strong positions and

· burst bit shifting, which circularly shifts each half burst so that part of, or all header bits end up at higher SNR region,

to achieve robust header and incremental redundancy performance.
6.1.1.1.2 
Evaluation Method

Several best MMM candidates are first derived, in terms of providing as robust performance as possible at lower SNR region, which will later lead to robust data performance when header bit swapping and shifting is used. This evaluation is done by placing all header/USF/SF bits at high SNR region, and focusing therefore on the data BLER performance. 

The header bit swapping and shifting are then evaluated together with the best MMM candidates. The best burst formatting for DAS-12b and DBS-12b is then selected as the one that keeps the relative performance between header and data BLER (using non-precoded DAS-12 (data BLER@50% to avoid error floor and headerBLER@1%) and DBS-11(data BLER@10% and headerBLER@1%) as reference), meanwhile achieves as low data BLER as possible. 

For more information please refer to [6.1-2].
6.1.1.1.3 
Simulation Assumptions and Results

6.1.1.1.3.1 
Simulation Assumptions

The selection of the optimal burst formatting, including MMM, header bit swapping and shifting is based on performance simulated in a sensitivity limited scenario given a TU50nFH propagation environment. The data and header BLER are then verified in other propagation models and interference scenarios. 

A detailed list of simulation assumptions are presented in table 6.1-1.
Table 6.1-1 Simulation assumptions

	Parameter
	Value

	MCSs
	DAS-12b, 

DBS-12b

	TSC placement
	According to [6.1-3]

	Burst length
	According to [6.1-4]

	CP length
	PCE2A: 6

PCE2B: 9

	RX BW
	PCE2A: 240kHz

PCE2B: 275kHz

	ICI Suppression
	No

	Backoff 
	No

	Channel propagation
	TU50nFH, HT100nFH

	Interference
	AWGN, CO, DTS-2 modified  

	Frequency band
	900 MHz

	Frames
	5000

	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]


6.1.1.1.3.2 
Simulation Results

Evaluation according to 6.1.1.2 shows that the best burst formatting is:

· For DAS-12b:  MMM pattern containing 56 64QAM symbols, one 32QAM and one 8PSK symbol, with header bit swapping and a right shift of 50 bits;

· for DBS-12b:  no MMM, with header bit swapping and no shifting.

Simulation results are listed in table 6.1.1-2 and table 6.1.1-3.

Table 6.1-2: Absolute Performance with/without optimal burst format.
	 
	 
	                      Data BLER  @ 10% 

	MCS
	Intf. Scen.
	No bitswap/shifting & 

no MMM
	 With bitswap(and shifting), no MMM
	With bitswap(and shifting) & Opt MMM

	 
	 
	TU50nFH
	HT100nFH
	TU50nFH
	HT100nFH
	Tu50nFH
	HT100nFH

	 
	CO
	26,5
	27,3*
	26,9
	29,5*
	26,4
	    27,5*

	DAS-12b
	DTS-2
	28,1
	28,8*
	28,9
	31,5*
	28,2
	  29,5*

	 
	AWGN
	27,7
	28,7*
	28,8
	31,6*
	27,9
	   29,3*

	 
	CO
	26,6
	
	27,1
	
	27,1
	

	DBS-12b
	DTS-2
	30,0
	
	31,2
	
	31,2
	

	 
	AWGN
	28,4
	
	30,0
	
	30,0
	


 

*Data bler@30% for HT100nFH;

	 
	 
	                      Header BLER @ 1%

	MCS
	Intf. 

Scen.
	No bitswap/shifting & 

no MMM
	 With bitswap and

Shifting, no MMM
	With bitswap(and shifting & Opt MMM

	 
	 
	TU50nFH
	HT100nFH
	TU50nFH
	HT100nFH
	Tu50nFH
	HT100nFH

	 
	CO
	17,4
	21
	13,3
	13,0
	13,1
	12,8

	DAS-12b
	DTS-2
	24,7
	27,4
	15,0
	14
	15,2
	14

	 
	AWGN
	26,5
	28,3
	12,4
	12,0
	12,5
	11,8

	 
	CO
	18,5
	
	14,6
	
	14,6
	

	DBS-12b
	DTS-2
	31,9
	
	17,4
	
	17,4
	

	 
	AWGN
	31,2
	
	14,3
	
	14,3
	


Table 6.1-3: Relative performance using optimal burst formatting, comparing with DAS-12b/DBS-12b no bitswap & no MMM.

	
	
	Data improvements(dB)
	Header improvements(dB)

	MCS
	Intf. Scen.
	With bitswap(and shifting) &

Opt MMM
	With bitswap(and shifting) & 

Opt MMM

	
	
	TU50nFH
	HT100nFH
	TU50nFH
	HT100nFH

	DAS-12b
	CO
	0,1
	-0,2
	4,3
	8,2

	
	DTS-2
	-0,1
	-0,7
	9,5
	13,4

	
	AWGN
	-0,2
	-0,6
	14,0
	16,5

	DBS-12B
	CO
	-0,5
	
	3,9
	

	
	DTS-2
	-1,2
	
	14,5
	

	
	AWGN
	-1,6
	
	16,9
	


It can be seen that the use of header bit swap and burst shift significantly improves the header performance of DAS-12b and DBS-12b, up to 17dB, meanwhile, the data performance has degraded moderately, in almost all the simulated scenarios. It should also be noticed that, for DAS-12b, the use of MMM decreases the degradation in data performance due to header bit swapping and shifting.
6.1.1.2 

Coding parameters and burst formatting for Padded HOM
6.1.1.2.1 
Design assumptions
· 64QAM modulation is used over the whole burst for the new MCSs DAS-10b/11b/12b and DBS-10b/11b/12b.

· The same Header, USF and SF definitions for DAS-10/11/12 and DBS-10/11/12 respectively are to be kept.
· The length of the Training Sequence in the burst could be different from DAS-10/11/12 and DBS-10/11/12.

· The mother code and rate matching algorithms are kept the same as EGPRS2 described in TS 45.003 chapter 5.1a.1.3. The interleaver Type1 defined in TS45.003 5.1a.2.1 is used in this study.
Therefore the coding design of the puncturing and interleaving algorithms is limited to determine the rate matching parameter swap and the interleaver parameter a.
6.1.1.2.2 
Design Method

A set of different TS lengths and corresponding best choice of rate matching and interleaver parameters are first derived.  
The RV1 Data BLER performances with different TS lengths under the selected coding parameters are evaluated in different propagations and interference scenarios. After comprehensive comparison the TS length 12 symbols for DAS-12b and 13 symbols for DBS-12b are selected.
Burst shift and bit swapper according to [6.1-d] are utilized in searching the best burst format. Based on the performance evaluations, it is shown that the best burst format for DAS-12b is header bit swapping and shifting of 88 bits. And the best format for DBS-12b is header bit swapping and shifting of 45 bits.
For more information please refer to [6.1-b].
The design result of DAS-10b/11b is FFS.
6.1.1.2.3 
Simulation Assumptions and Results

6.1.1.2.3.1 
Simulation Assumptions

The simulation assumptions are listed in table 6.1-a. The burst formats and coding parameters of the new channel coding are depicted in table 6.1-b and table 6.1-c. 
Table 6.1-a Simulation assumptions
	Parameter
	Value

	
	DAS/DBS-12b for Padded HOM

	IDFT length
	PCE2A: 140
PCE2B:168

	CP length
	PCE2A: 8
PCE2B: 9

	TSC length
	PCE2A: 12
PCE2B: 13

	TSC placement
	According to [6.1-a]

	RX BW
	PCE2A:270kHz
PCE2B:325kHz

	ICI Suppression
	No

	Backoff
	No

	Channel propagation
	TU3iFH, TU50noFH

	Interference
	AWGN, CO (GMSK), ADJ (GMSK)

	Frequency band
	900 MHz

	Frames
	5000

	PAPR reduction
	No

	Tx/Rx impairments
	No


Table 6.1-b Burst format for DAS/DBS-12b for Padded HOM
	MCS
	Bit swapper
	Burst shift bits

	DAS-12b
	on
	88

	DBS-12b
	on
	54


Table 6.1-c Rate matching and interleaving parameters for DAS/DBS-12b for Padded HOM
	MCS
	swap
	a

	DAS-12b
	0%
	622

	DBS-12b
	0%
	98


6.1.1.2.3.2 
Simulation Results

Table 6.1-d Data BLER performance of DAS/DBS-12b for Padded HOM
	　
	　
	Data BLER  @ 10% 

	MCS
	Intf. Scen.
	TU3iFH
	TU50nFH

	DAS-12b
	AWGN
	25.6 
	27.1 

	
	CO
	25.0 
	27.0 

	
	ADJ
	17.3 
	19.4 

	DBS-12b
	AWGN
	27.8 
	29.5 

	
	CO
	26.7 
	28.9 

	
	ADJ
	23.1 
	25.7 


Table 6.1-e Header BLER performance of DAS/DBS-12b for Padded HOM
	　
	　
	 Header BLER  @ 10% 

	MCS
	Intf. Scen.
	TU3iFH
	TU50nFH

	DAS-12b
	AWGN
	11.2 
	12.6 

	
	CO
	12.7 
	14.9 

	
	ADJ
	0.9 
	2.8 

	DBS-12b
	AWGN
	12.1 
	13.6 

	
	CO
	15.2 
	17.4 

	
	ADJ
	8.8 
	10.8 


6.1.2
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[6.1-1]
GP-100918, “Precoded EGPRS2 Downlink”, source Telefon AB LM Ericsson, ST-Ericsson SA. GERAN#46.

[6.1-2]

GP-101852, “DAS-12b and DBS-12b Burst Formatting”, source Telefon AB LM Ericsson, ST-Ericsson SA, GERAN#48.
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GP-101350, “Training symbol placements in Precoded EGPRS2 DL”, source Telefon AB LM Ericsson, ST-Ericsson. GERAN#47,

[6.1-4]
GP-101349, “Aspects of burst formatting of Precoded EGPRS2 DL”, source Telefon AB LM Ericsson, ST-Ericsson SA. GERAN#47,
[6.1-a]
GP-101770, "Burst format of Improved Precoded EGPRS2 DL", source Huawei Technologies Co., Ltd., GERAN #48
[6.1-b]
GP-111131, "MCS re-design for DAS-12 and DBS-12", source Huawei Technologies Co., Ltd., GERAN #51
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Comparison of candidate techniques
This sub-clause contains comparison of candidate techniques presented in this TR. 

One sub-clause is allocated to each investigation with the sourcing company(ies) of the investigation listed.

7.1
SBPCE2 and Padded HOM (by Telefon AB LM Ericsson and ST-Ericsson SA)

7.1.1

Simulation assumptions

7.1.1.1
Common assumptions

Table 7.1.1. Simulation assumptions

	Parameter
	Value

	Burst length
	According to [7.1.2]

	RX BW
	PCE2A: 280kHz

	TSC length
	26

	ICI Suppression
	No

	Backoff 
	No

	Channel propagation
	TU50nFH

	Interference
	AWGN, CO (GMSK), ADJ (GMSK)

	Frequency band
	900 MHz

	Frames
	20000

	Soft clipping
	According to [7.1.3]

	Target PAR for soft clipping
	4 dB (8PSK MCSs) 

6 dB (16/32/64 QAM MCSs)

	Tx/Rx impairments

  - Phase noise 

  - I/Q gain imbalance 

  - I/Q phase imbalance 

  - DC offset 

  - Frequency error 
  - PA model
	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]
Yes / -


7.1.1.2
SBPCE2 specific assumptions

Table 7.1.2. SBPCE2 specific assumptions

	Parameter
	Value

	MCS
	DAS-5-11, DAS-12b

	CP length
	6

	TSC placement
	According to 


7.1.1.3.1 Padded HOM specific assumptions

It should be noted that to facilitate the evaluation some of the design parameters for Padded HOM has not been strictly followed. These simplifications are not expected to have any impact on the results, or the conclusions drawn. Simulation assumptions used and modifications done are presented in this section.

Table 7.1.3. Padded HOM specific assumptions

	Parameter
	Value

	MCS
	DAS-5-12

	CP length
	6

	TSC placement
	According to [7.1.5]


It should be noted that the CP length is not chosen according to [7.1.5] but considering the evaluation done in [7.1.6] where a CP of 5 symbols was seen sufficient for the propagation channel used in this paper. Thus, choosing a longer CP length will not have impact on performance.

The TSC placement has been used as defined in [7.1.5] since this is a design parameter believed to have impact on the results considering the different numbers and allocation of the sub carriers between SBPCE2 and Padded HOM.

In the Padded HOM proposal the burst format is not symmetric nor is the number of bits per radio block equal to the bits carried by the HOM symbols. In this evaluation both burst symmetry and burst sizes that fit the block size have been chosen. The changes to the design are minimal and should not have impact on performance. Table  7.1.4 summarizes the differences.

Additional features such as Repeat pattern ([7.1.5]) or a shorter TSC ([7.1.5]) have also been investigated for Padded HOM previous investigations. Repeat pattern together with shorter TSC was only investigated in sensitivity with 0.3 and 0.9 dB gains seen (in [7.1.5]) for DAS-5 and DAS-11 respectively. For DAS-12 2.2 dB gains were observed.
Table 7.1.4. Difference in burst design between Padded HOM [7.1.7] and Padded HOM used in this evaluation.

	
	
	Padded HOM  [7.1.7]
	Padded HOM in current doc

	MCS
	Block payload size
	Modulation mix*
	Block payload size
	Modulation mix*
	Block payload size

	DAS-5-7
	1392
	[0,0,0,87,0,0,29]
	1392
	[0,2,0,86,0,0,28]
	1392

	DAS-8-9
	1856
	[0,0,0,0,93,0,23]
	1860
	[0,2,0,0,94,0,22]
	1856

	DAS-10-12
	2320
	[0,0,0,0,0,97,19]
	2328
	[0,2,0,0,0,96,18]
	2320


     * Modulation mix : [BPSK,QPSK,8PSK,16QAM,32QAM,64QAM,padding]
7.1.3
Performance plots
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Figure 7.1.1. SBPCE2 and Padded HOM. Sensitivity (top left), Co (top right), Adj (lower left).

It should be noted that the header performance of both techniques were aligned within 1.5 dB, see [7.1.1]. Considering the findings in [7.1.8] where a header BLER improvement of 15 dB caused a data BLER degradation of at most 1 dB these differences are expected to have minimal impact on the data BLER performance comparison in this investigation. For more details on the performance evaluation please see [7.1.7]. 

7.1.4
Discussion

It has been seen that SBPCE2 outperforms Padded HOM in both sensitivity and co-channel interference with the most significant differences for co-channel interference where gains of 2-5 dB can be seen for performance with reduced PAR. For adj-channel interference Padded HOM is superior for most MCSs due to the narrower spectrum used for payload allocation. For the highest MCSs however there is still a significant degradation compared to SBPCE2.

In all scenarios investigated DAS-12 with reduced PAR for Padded HOM did not reach BLER levels lower than 50% which makes the MCSs not useful for link adaptation. Significant degradations when reducing the PAR are seen due to the high modulation order used and the high code rate of this MCSs.

7.1.5
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7.2
SBPCE2 and Padded HOM (by Huawei Technologies Co., Ltd)
7.2.1
Comparison of legacy coding schemes 
7.2.1.1
Simulation assumptions
The common and specific simulation assumptions utilized in these two candidate techniques are listed in Table 7.2.1.
Table 7.2.1 Simulation assumptions

	Parameter
	Value

	
	SBPCE2
	Padded HOM

	Burst length
	PCE2A: 142
PCE2B:168

	RX BW
	PCE2A:270kHz
PCE2B:325kHz

	ICI Suppression
	No

	Backoff
	No

	Channel propagation
	TU3iFH

	Interference
	AWGN, CO (GMSK), ADJ (GMSK)

	Frequency band
	900 MHz

	Frames
	5000

	PAPR reduction
	No

	Tx/Rx impairments
	No

	CP length
	PCE2A: 6
PCE2B: 9

	MCS
	DAS-5-DAS-11
DBS-5~DBS-11

	TSC length
	PCE2A: 26
PCE2B: 30
	PCE2A: 17
PCE2B: 18

	TSC placement
	According to [7.1.4]
	According to [7.2.2]


7.2.1.2
Simulation results
In this section ideal LA throughput envelope curves of SBPCE2 and Padded HOM both in level-A and level-B are depicted in Figure 2.1.1 and Figure 2.1.2. The detail figures please refer to [7.2.5].
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Figure 7.2.1 SBPCE2 and Padded HOM, lever-A, Sensitivity (top left), Co (top right), Adj (lower left).
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Figure 7.2.2 SBPCE2 and Padded HOM, level-B, Sensitivity (top left), Co (top right), Adj (lower left).

It can be seen that Padded HOM outperforms SBPCE2 in all scenarios investigated at level-B. SBPCE2 has slightly gains in the middle range of EsN0/CIR in sensitivity and CCI scenarios at level-A. In ACI scenario Padded HOM is superior for all modulation types. 
7.2.2
Comparison of redesigned coding schemes
7.2.1.1
Simulation assumptions

The new channel coding DAS/DBS-12b proposed for SBPCE2 in [7.2.1] [7.2.6] and DAS/DBS-12b proposed for Padded HOM in [7.2.4] are evaluated with the same receiver. The specific and common simulation assumptions are listed in table7.2.2. The burst formats and coding parameters of the new channel coding are depicted in table 7.2.3 and table7.2.4. 

The IDFT length of DAS-12b for SBPCE2 is not strictly followed. This change of the design is minimal and should not have impact on performance. The MMM is not considered in this evaluation.
Table 7.2.2 Simulation assumptions
	Parameter
	Value

	
	DAS/DBS-12b for SBPCE2
	DAS/DBS-12b for Padded HOM

	IDFT length
	PCE2A: 142
PCE2B:168
	PCE2A: 140
PCE2B:168

	CP length
	PCE2A: 6
PCE2B: 9
	PCE2A: 8
PCE2B: 9

	TSC length
	PCE2A: 26
PCE2B: 30
	PCE2A: 12
PCE2B: 13

	TSC placement
	According to [7.1.4]
	According to [7.2.2]

	RX BW
	PCE2A:270kHz
PCE2B:325kHz

	ICI Suppression
	No

	Backoff
	No

	Channel propagation
	TU3iFH, TU50noFH

	Interference
	AWGN, CO (GMSK), ADJ (GMSK)

	Frequency band
	900 MHz

	Frames
	5000

	PAPR reduction
	No

	Tx/Rx impairments
	No


Table 7.2.3 Burst format for DAS/DBS-12b

	MCS
	Bit swapper
	Burst shift bits

	DAS-12b for SBPCE2
	on
	50

	DBS-12b for SBPCE2
	on
	0

	DAS-12b for Padded HOM
	on
	88

	DBS-12b for Padded HOM
	on
	54


Table 7.2.4 Rate matching and interleaving parameters for DAS/DBS-12b

	MCS
	swap
	a

	DAS-12b for SBPCE2
	10%
	103

	DBS-12b for SBPCE2
	0%
	691

	DAS-12b for Padded HOM
	0%
	622

	DBS-12b for Padded HOM
	0%
	98


7.2.1.2
Simulation results

Table 7.2.5 Data BLER performance of DAS/DBS-12b for SBPCE2 and Padded HOM

	　
	　
	          Data BLER  @ 10% [dB]

	MCS
	Intf. Scen.
	DAS/DBS-12b for SBPCE2
	DAS/DBS-12b for Padded HOM

	
	
	TU3iFH
	TU50nFH
	TU3iFH
	TU50nFH

	DAS-12
	AWGN
	27.1 
	29.3 
	25.6 
	27.1 

	
	CO
	27.1 
	29.5 
	25.0 
	27.0 

	
	ADJ
	18.4 
	20.9 
	17.3 
	19.4 

	DBS-12
	AWGN
	29.8 
	34.0 
	27.8 
	29.5 

	
	CO
	29.2 
	34.2 
	26.7 
	28.9 

	
	ADJ
	24.8 
	29.3 
	23.1 
	25.7 

	Table 7.2.6 Header BLER performance of DAS/DBS-12b for SBPCE2 and Padded HOM

　
	　
	          Header BLER  @ 10% [dB]

	MCS
	Intf. Scen.
	DAS/DBS-12b for SBPCE2
	DAS/DBS-12b for Padded HOM

	
	
	TU3iFH
	TU50nFH
	TU3iFH
	TU50nFH

	DAS-12
	AWGN
	11.1 
	12.6 
	11.2 
	12.6 

	
	CO
	12.9 
	15.0 
	12.7 
	14.9 

	
	ADJ
	2.1 
	3.6 
	0.9 
	2.8 

	DBS-12
	AWGN
	12.9 
	14.5 
	12.1 
	13.6 

	
	CO
	16.0 
	18.3 
	15.2 
	17.4 

	
	ADJ
	8.4 
	10.5 
	8.8 
	10.8 


Table 7.2.7 Data and Header BLER performance improvement of DAS/DBS-12b for Padded HOM
	　
	　
	DAS/DBS-12b for SBPCE2 Vs Padded HOM

	MCS
	Intf. Scen.
	Data improvements
	Header improvements

	
	
	TU3iFH
	TU50nFH
	TU3iFH
	TU50nFH

	DAS-12
	AWGN
	1.5 
	2.2 
	-0.1 
	0.0 

	
	CO
	2.1 
	2.5
	0.2 
	0.1 

	
	ADJ
	1.1
	1.5 
	1.2 
	0.8 

	DBS-12
	AWGN
	2.1 
	4.5 
	0.8 
	0.9 

	
	CO
	2.5 
	5.3 
	0.8 
	0.9 

	
	ADJ
	1.7
	3.6 
	-0.4 
	-0.3 


The evaluation results are tabulated from table7.2.5 to table 7.2.7. It is noted that in all scenarios investigated the data performance of DAS-12b and DBS-12b for Padded HOM outperforms DAS-12b and DBS-12b for SBPCE2. The gain is as much as 1.2 dB to 5.3 dB. The header performance of DAS-12b and DBS-12b for Padded HOM is also better than DAS-12b and DBS-12b for SBPCE2 in most scenarios except for several degradations less than 0.5dB.
7.2.3
Discussion

The PAR reduction is not considered in this study for the time being. Based on the observations in the [7.1.1], the impact of the PAR reduction between the two candidate techniques is less than 0.6dB (except DAS/DBS-11) by comparing the no-clipping with the clipping values in all scenarios investigated. Therefore the impact of PAR reduction on the performace of these two candidates is very limited in low MCSs.
.
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