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9
Summary and conclusions

9.1 Compliance with objectives
In the table below the compliance to the objectives set by the study is summarized for SBPCE2 and Padded HOM.
As the performance presented in Section 8 is extensive, a condensed performance comparison is presented and discussed. The methodology used to derive the figures in the table below is provided in Annex A.
Table 9.1-1. Conclusion summary.
	Objectives
	Candidate technique

	
	SBPCE2
	Padded HOM

	Performance objectives
	
	

	Improved EGPRS2 throughput

The introduction of Precoded EGPRS2, PC EGPRS2, shall significantly improve data throughput performance as compared to realistic EGPRS2 performance
	Average throughput gains for faded channels, except RA250nFH, unless otherwise stated.
Level A:
i) when functional blocks of the receiver has been aligned (EGPRS2 and SBPCE2):

Sens:     16/27/37/54%.

CCI:      28/35/37%
DTS-2:  41/44%
ACI:      27/36/44%*
For RA250nFH: -4/0/1 %
* Note that receiver blocks are not aligned in this scenario

ii) with no knowledge of the complexity of the EGPRS2-A receiver:

Sens:      3/12/12/18 %

CCI:       9/15/15 %

DTS-2:   8/12 %

ACI:       0/2/9 %
For RA250nFH: -9/-5/2 %
iii) Compared to TIGHTER requirements (link level gains [dB]):

CCI:      
2.6/2.7/2.9/3.0/3.0/…
4.9/5.2/5.6/9.0/10.3 dB

ACI:
6.5/6.5/8.1/8.9/10.0/10.0/10.1/…

11.5/16.5/17.5/18/22.0/23.4 dB
For RA250nFH:
-4.2/+1.5/+4.2/+4.2/+6.6/+8.9 dB
Level B:

NOTE: Performance with functional blocks of the receiver aligned does not exist:

i) with no knowledge of the EGPRS2-B receiver complexity:

Sens:       +7/9/9/18/20/20%.

CCI:       -3/1/2/4/10/11%
DTS-2:    -6/-7/18/20%
ACI:        -6/-1/0/0/5/14%
RA250nFH: 
-30/-18/-15/-8/-2/9%
ii) Compared to TIGHTER requirements (link level gains [dB]):

CCI: 1.5/1.9/2.6/2.8/2.8/…

2.8/3.5/4.4/5.5/7.9/8.0 dB

For RA250nFH -5.2/+1.4 dB

The gains are achieved including typical Tx (no PA modeled for EGPRS2 ref.)/Rx impairments, including impact to blind modulation detection by detecting the circular shift of the TSC and PAR reduction, and without ICI equalization. Also sensitivity figures are compensated by the PAR of the signal.
	Padded HOM and SBPCE2 share several commonalities, and the design is almost identical for the three highest MCSs in each EGPRS2 set, which are generally used to the largest extent in the LA curves. Based on this observation it is expected that Padded HOM have the same inherent performance as SBPCE2 for DAS-10/11/12 and DBS-10/11/12, and that differences seen between SBPCE2 and Padded HOM performance for these MCSs are due to differences in receiver implementations between the companies contributing to the SPEED study item. 

For lower MCSs Padded HOM has a design that has positive impact on ACI. Again the differences seen between SBPCE2 and Padded HOM performance for these MCSs are believed to be justified by the differences in receiver implementations.

	Compatibility objectives
	
	

	Spectral properties

PC EGPRS2 shall obey the current spectral requirements on spectrum due to modulation and wideband noise and on switching transients of EGPRS2 DL, see 3GPP TS45.005
	Compliant with PAR reduction of 4 dB or 6 dB depending on modulation used when using soft and hard clipping and pre-defined ramp up and ramp down of the burst.
	Has not been explicitly investigated in combination with methods to reduce PAR

	Impact on

Legacy services

The impact of PC EGPRS2 on GSM speech codecs, GPRS, EGPRS and EGPRS2 shall be kept at a minimum.
	No impact has been seen on legacy services when subject to SBPCE2 interference
	No impact or small improvement has been seen on legacy services when subject to Padded HOM interference

	Cell reselection

Impact on cell reselection performance of mobile stations should be avoided by operation of PC EGPRS2 on the BCCH carrier.
	With rotation based PAR reduction, soft clipping and hard clipping, the achieved PAR is on par with current average power decrease requirement on BCCH.
	With soft clipping and hard clipping, the achieved PAR is on par with current average power decrease requirement on BCCH.

	USF/PAN multiplexing

Impacts from PAN and USF multiplexing on PC-EGPRS2 and legacy user throughput should be minimized.”
	No or little impact seen on throughput if USF granularity = 4 is used by the network in all multiplexing scenarios investigated.
	Conclusion from SBPCE2 is expected to hold also for Padded HOM.

	Implementation impact to base station 

The introduction of Precoded EGPRS2 in the base station transmitter should change BTS hardware as little as possible
	Overall computational complexity:

EGPRS2-A: +43 – +95 %

EGPRS2-B: +39 – +130 %
                     +35 - +75%*

* without rotation based PAR reduction used by the BTS
	Overall computational complexity:

EGPRS2-A: +43 – +95 %

EGPRS2-B: +35 – +75 %

	Implementation impact to mobile station

The introduction of Precoded EGPRS2 in the mobile station receiver should change MS hardware as little as possible. Both impact to stand-alone PC-EGPRS2 platforms and combined EGPRS2 and PC-EGPRS2 platforms shall be considered
	Overall computational complexity:
EGPRS2-A: -50/-25%*

EGPRS2-B: -40/-20%*

* without/with functional block in receiver for ACI suppression
	Overall computational complexity: 
EGPRS2-A: -50%

EGPRS2-B: -50%


	
	
	Compliant

	
	
	Not compliant

	
	
	Unclear / FFS

	
	
	Expected to be fulfilled


9.2 
Conclusions
During the SPEED feasibility study two candidate techniques, Single Block Precoded EGPRS2 – SBPCE2, and Padded Higher Order Modulation – Padded HOM, have been proposed and evaluated against the objectives of the study to significantly improve throughput compared to realistic EGPRS2 performance, while keeping negative impact to the spectral properties, cell reselection, USF/PAN multiplexing to a minimum, and avoiding hardware impact to both base station and mobile station. 

Both techniques share several commonalities and the design is almost identical for the three highest MCSs in each EGPRS2 set, which are generally used to the largest extent in the LA curves. For lower MCSs, Padded HOM uses less sub carriers while the SBPCE2 design keeps the number of sub carrier the same for all MCSs. The performance difference in absolute performance between the two candidate techniques seen in the TR, see [9.1-2], and [9.1-3], is expected to be related to the receiver design rather than to the difference in the design of the physical layer. As seen in the performance set provided in [9.1-2], small differences are seen between the candidate techniques given an evaluation by the same company.
Given the reasoning above it is expected that Padded HOM fulfils the objectives of the study. The candidate technique that has shown compliance to all objectives is Single Block Precoded EGPRS2.

The throughput gains of the techniques have been evaluated by ideal link adaptation throughput curves on link level in all currently specified scenarios in [9.1-4].

SBPCE2 has shown to give average throughput gains, based on calculations using C/I distributions from network simulations, with realistic performance (i.e. with PAR reduction for SBPCE2, typical Tx/Rx impairments modeled, and impact to Blind detection of modulation taken into account) of:

It should be noted that when functional blocks of the receiver are not aligned or a complexity estimate of the receivers is not available it is not clear if the observed performance differences seen below for Level A and Level B are due to different receiver optimization or the different modulation techniques.
Level A 

When functional blocks of the receiver has been aligned/not been aligned between EGPRS2 and SBPCE2:

	Sensitivity: 
	+16-54% / +3-18%

	CCI:           
	+28-37% / +9-15%

	DTS-2:      
	+41-44% / +8-12%

	ACI*:
	+27-44% / +2-9%

	* Functional receiver blocks not aligned.


At RA 250 km/h SBPCE2 is usually inferior or on par with EGPRS2 performance.
Level B
When functional blocks of the receiver have not been aligned between EGPRS2 and SBPCE2:
	Sensitivity: 
 
	+7-+20%

	CCI: 
            
	-3 - +11%

	DTS-2: 
      
	-6 – +20%

	ACI: 

	-6 - +14%


At RA 250 km/h SBPCE2 is usually inferior or on par with EGPRS2 performance. A significant degradation is seen for ACI case with a degradation of at most 30%.
TIGHTER
Compared to TIGHTER performance, see [9.1-4], SBPCE2 show link level gains [dB] of:
	Level A:
	

	- CCI
	3-10 dB

	- ACI
	6-23 dB

	Level B:
	

	- CCI
	1.5-8 dB


Details on the SBPCE2 design used in the final evaluation of the technique are found in:

Burst formatting of DAS-10/11/12b and DBS-10/1/12b:
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6.3.1.2

Rotation based PAR reduction








6.4.1
Modulation mix












6.1.1.1


















6.2.1.1
NOTE: Low Complexity SBPCE2-B, LC SBPCE2-B, has been used in the evaluation of SBPCE2 for level B.
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Annex A (informative):
The throughput comparison presented in this Annex is based on the performance of Section 8 in the TR. The performance has been used in the conclusion of the study in Section 9 to state compliance to the performance objective. A SINR probability distribution derived from a 3/9 frequency reuse network simulation has been used to get an estimation of the gain in CCI, Sensitivity and the DTS-2 scneario. For ACI a shift of 6 dB for the distribution has been applied.
In A.2 an example of the methodology used is shown. 
In A.3 the tabulated results are presented.
A.1
SINR-distribution
Table A.1. SINR distribution used in CCI, Sensitivity and DTS-2 scenario. 
	SINR
	3/9

	10
	0,04

	15
	0,18

	20
	0,29

	25
	0,23

	30
	0,13

	35
	0,07

	40
	0,06


Table A.2. SINR distribution used in ACI scenario.
	SINR
	3/9

	-10
	0

	-5
	0,0035

	0
	0,005

	5
	0,05

	10
	0,22

	15
	0,29

	20
	0,2

	25
	0,11

	30
	0,11


A.2
Average throughput gain calculation
The calculation of average throughput gain used in A.3 is shown below from Table 8.2-2, TU3iFH between SBPCE2-A(Ericsson) and EGPRS2(ST-Ericsson SA).
A weighted average of the gain based on Table A.1 is calculated as input to the tables in A.3:

32*0.04 + 54*0.18 + 49*0.29 + 42*0.23 + 17*0.13 + 3*0.07 + 1*0.06 = 37.35 % ( 37 %
Table A.2-1
	C/I
	SBPCE2-A
(Ericsson)
	EGPRS2-A
(ST-Ericsson SA)
	Gains [%]

	10
	26.3
	19.9
	32

	15
	52.8
	34.3
	54

	20
	74.6
	50.1
	49

	25
	93.7
	65.8
	42

	30
	98.1
	83.7
	17

	35
	98.4
	95.9
	3

	40
	98.4
	97.9
	1


A.3
Average throughput gain
A.3.1
SBPCE2-A
Table A.3-1. Throughput gain [%]. SBPCE2-A vs. EGPRS2-A,
 Sensitivity.
	EGPRS2-A reference
	Low band
	High band

	
	Static
	TU50nFH
	HT100nFH
	RA250nFH
	TU50nFH
	HT100nFH

	[A.1]
	5
	16
	37
	-4
	27
	54

	[A.3]
	4
	3
	12
	-5
	12
	18


Table A.3-2. Throughput gain [%]. SBPCE2-A vs. EGPRS2-A,

 CCI.

	EGPRS2-A reference
	Low band
	High band

	
	TU3nFH
	TU3iFH
	RA250nFH
	Tu50nFH

	[A.1]
	28
	37
	0
	35

	[A.3]
	9
	15
	2
	15


Table A.3-3. Throughput gain [%] of SBPCE2-A vs. EGPRS2-A.
 ACI.
	EGPRS2-A reference
	Low band
	High band

	
	TU3nFH
	TU3iFH
	RA250nFH
	TU50nFH

	[A.1]
	27
	36
	1
	44

	[A.3]
	0
	2
	-9
	9


Table A.3-4. Throughput gain [%] of SBPCE2-A vs. EGPRS2-A.
 DTS-2.
	EGPRS2-A reference
	Low band
	High band

	
	TU50nFH
	TU50nFH

	[A.1]
	41
	44

	[A.3]
	8
	12


A.3.2
SBPCE2-B
Table A.3-5. Throughput gain [%]. SBPCE2-B vs. EGPRS2-B,
 Sensitivity.
	EGPRS2-A reference
	Low band
	High band

	
	Static
	TU50nFH
	HT100nFH
	RA250nFH
	TU50nFH
	HT100nFH

	[A.3]
	2
	7
	18
	-2
	9
	9

	[A.2]
	22
	20
	*
	9
	20
	*

	* No performance provided in [A.2]


Table A.3-6. Throughput gain [%]. SBPCE2-B vs. EGPRS2-B,
 CCI.
	EGPRS2-A reference
	Low band
	High band

	
	TU3nFH
	TU3iFH
	RA250nFH
	Tu50nFH

	[A.3]
	-3
	1
	-15
	4

	[A.4]
	2
	10
	-8
	11


Table A.3-7. Throughput gain [%] of SBPCE2-B vs. EGPRS2-B.
 ACI.
	EGPRS2-A reference
	Low band
	High band

	
	TU3nFH
	TU3iFH
	RA250nFH
	TU50nFH

	[A.3]
	-6
	-1
	-30
	0

	[A.4]
	0
	5
	-18
	14


Table A.3-8. Throughput gain [%] of SBPCE2-B vs. EGPRS2-B.
 DTS-2.
	EGPRS2-A reference
	Low band
	High band

	
	TU50nFH
	TU50nFH

	[A.3]
	-6
	-7

	[A.4]
	20
	18
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