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*************************************** First modified subclause ************************************
6.4
PAR reduction

By applying precoding to EGPRS2 the Peak-to-Average Ratio – PAR – of the signal is increased.

This sub-clause contains methods and evaluations to reduce the PAR of PC EGPRS2 while maintaining the spectral properties of the signal and minimizing impact on link level performance.

6.4.1
PAR reduction for Single Block PCE2
Single Block Precoded EGPRS2 (SBPCE2) possesses an inherently large Peak to Average power Ratio (PAR). This section presents an evaluation of PAR reduction methods for SBPCE2, taking into consideration both the computational complexity of the evaluated methods and their impact on performance. 

Three alternative PAR reduction methods for SBPCE2 are briefly introduced in the sub-clause 6.4.1.1. The chosen evaluation method and the results from the PAR reduction exercise, along with complexity estimates of the methods are described in sub-clause 6.4.1.2.

A detailed description on PAR reduction for SBPCE2 can be found in [6.4-1].

6.4.1.1
PAR Reduction Methods

6.4.1.1.1
Soft clipping

Soft clipping targets signal peaks exceeding a configured threshold. Each targeted peak is compressed by a compensation signal as described in [6.4-2]. To maintain the spectrum of the soft clipped signal the compensation signal is filtered through the Linearized GMSK pulse shaping filter.  

6.4.1.1.2
Hard clipping

Hard clipping limits the amplitude of all signal peaks exceeding a configured threshold to the level of the threshold. This operation will widen the spectrum of the signal, due to the sharp transitions around the clipped peaks. The spectrum widening limits the PAR level that can be achieved while meeting the spectrum requirements.
6.4.1.1.3
Symbol rotation

In SBPCE2, a signal peak occurs when the sub-carriers transmitted at different frequencies add constructively together. By rotating part of the signal with angles selected from a pre-defined set, the signal PAR characteristics can be altered. At the receiver side blind detection is performed over the rotated training sequence, to detect the used rotation angle. Both the rotation angle selection and blind detection are performed on a burst-by-burst basis.

In the results below the choice of rotation angle is used after upsampling and pulse shaping. Alternative ways to choose rotation angle has been investigated in [6.4-9] with minimal impact to performance (at most 0.2 dB) but a significant reduction in complexity. The rotation angle is then chosen based from a signal without oversampling and a 2 tap pulse shaping filter [1 1].
6.4.1.2
PAR Reduction Evaluation

The PAR reduction methods are evaluated for all SBPCE2-A and SBPCE2-B MCSs given a target PAR of 6dB. For DAS-5 – DAS-7 and DBS-5 – DBS-6 the PAR reduction are also evaluated for a 4dB target. 

Sub-clause 6.4.1.2.1 presents the simulation assumptions used through the evaluations. To achieve maximal performance the PAR reduction methods presented in sub-clause 6.4.1.1 were combined, as described in sub-clause 6.4.1.2.2 and 6.4.1.2.3. The sub-clauses also present the impact on performance and spectral characteristics of the signal along with an assessment of the computational complexity of the PAR reduction methods.

6.4.1.2.1
Simulation Assumptions

The PAR reduction evaluations were performed with a PA model, verified towards measurements on Spectrum due to modulation and wideband noise, to secure that the signal spectrum characteristics were assessed correctly in the evaluation. Figure 6.4-1 depicts the simulated spectrum of the basic SBPCE2 signal given different impairment models.
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Figure 6.4-1 Spectrum characteristics of SBPCE2.

The simulation settings used through the evaluation are listed in Table 6.4-1.

Table 6.4-1 Simulation settings.
	Parameters
	Value

	MCSs
	DAS5-11, DAS-12b, 

DBS5-11, DBS-12b

	Burst mapping
	According to [6.4-3] and [6.4-4]

	TSC placement
	According to [6.4-5]

	Burst length
	According to [6.4-6]

	Mixed Mode Modulation
	Not used (except for DAS-12b)

	Blind Detection
	On (when symbol rotation is used)

	CP length
	PCE2A: 6

PCE2B: 9

	RX BW
	PCE2A: 280kHz

PCE2B: 340kHz

	Channel propagation
	TU50nFH

	Interference
	AWGN

	Tx filter
	Lin GMSK

	Frequency band
	900 MHz

	Frames
	10000

	Tx/Rx impairments

  - Phase noise [degrees (RMS)]

  - I/Q gain imbalance [dB]

  - I/Q phase imbalance [deegrees]

  - DC offset [dB]

  - PA model

  - Frequency error [Hz]
	Tx/Rx

0.8/1.2           

0.1/0.2           

0.2/2.0           

-45/-40          

Yes / -

-/25           


6.4.1.2.2
Soft Clipping combined with Symbol rotation  

Soft clipping and Symbol rotation can be combined to compress the signal to a desired PAR target. Table 6.4-1 lists the number of peaks clipped in order to reach a target PAR, given this approach. The impact on both computational complexity and performance from usage of symbol rotation are presented.
It can be concluded that soft clipping efficiently reduces the PAR. For the 6 dB target, 98% of the bursts reach their target after less than 11 clipped peaks. The impact on performance is small for lower order MCSs, while 32QAM and higher order modulated MCSs are less robust to clipping. 

It is beneficial to use symbol rotation for the higher order modulated MCSs in level B, while the performance degrades at lower MCSs due to erroneous blind detection of the rotation angle.
Table 6.4-1 Summary of PAR reduction results.

	Target PAR


	Level
	MCS
	#Peaks clipped@98%

w/wo rotation
	Achieved PAR 
@99.9%
	Degradation @10%DataBLER

w/wo rotation

	4 dB
	Level A
	DAS-7
	27/27
	4.0 dB
	0.7/0.6 dB

	6 dB
	
	DAS-7
	9/9
	6.0 dB
	0.3/0.1 dB

	
	
	DAS-9
	10/10
	6.0 dB
	0.2/0.2 dB

	
	
	DAS-11
	9/10
	6.0 dB
	0.7/0.7 dB

	
	
	DAS-12b
	9/10
	6.0 dB
	1.5/1.9 dB

	4 dB
	Level B
	DBS-6
	27/27
	4.0 dB
	1.2/0.0 dB

	6 dB


	
	DBS-6
	9/9
	6.0 dB
	0.9/0.0 dB

	
	
	DBS-9
	11/11
	6.0 dB
	0.2/0.3 dB

	
	
	DBS-11
	9/10
	6.0 dB
	0.6/0.9* dB

	
	
	DBS-12b
	10/10
	6.0 dB
	2.4/3.6 dB



  * Evaluated at 30% DataBLER.


6.4.1.2.3
Soft Clipping combined with Hard clipping and Symbol rotation  

To reduce the computational complexity Soft clipping and Symbol rotation can be combined with Hard clipping. For a given PAR target, the soft clipping is performed first and targets only the highest signal peaks. The hard clipping is applied on the remaining peaks. The maximum number of hard clippings is limited to secure that the spectrum are maintained within the 3GPP requirements. 

It can be seen in table 6.4-2 that by combining soft clipping with hard clipping, the clipping efficiency is significantly enhanced, while performance is maintained. Again it is beneficial to use symbol rotation for the higher order modulated MCSs in level B, while the performance degrades at lower MCSs due to erroneous blind detection of the rotation angle.
Table 6.4-2 Summary of PAR reduction results.
	Target PAR


	Level
	MCS
	#Peaks clipped@98%w/wo rotation
	Achieved PAR
@99.9%


	Degradation @10%DataBLER

w/wo rotation

	4
	Level A
	DAS-7
	20 / 20
	4.0
	0.8 / 0.7

	6
	
	DAS-7
	  4 / 4
	6.0
	0.3 / 0.1

	
	
	DAS-9
	  4 / 4
	6.0
	0.1 / 0.3

	
	
	DAS-11
	  4 / 4
	6.0
	0.7 / 0.7

	
	
	DAS-12b
	  4 / 4
	6.0
	1.4 / 1.6

	4
	Level B
	DBS-6
	20 / 20
	4.0
	1.2 / 0.1

	6
	
	DBS-6
	  4 / 4
	6.0
	1.0 / 0.1

	
	
	DBS-9
	  4 / 5
	6.0
	0.2 / 0.3

	
	
	DBS-11
	  4 / 4
	6.0
	0.6 / 0.9*

	
	
	DBS-12b
	  4 / 4
	6.0
	2.1 / 3.1



* Evaluated at 30% DataBLER.


For Low complexity SBPCE2 the performance degradation is at most an additional 0.5 dB compared to table 6.4-2. The additional degradation is mainly due to the higher order modulation symbols that are needed to compensate for the smaller FFT size used (compared to SBPCE2B). For more details, see [6.4-8]
As the signal is hard clipped the spectrum of the clipped signal will widen. This is exemplified in the figures below for DAS-7 and DBS-6 given PAR targets of 4dB and 6dB. In the figures it is seen that the spectrum widening is dependent on the number of soft clipped peaks. As the number of soft clipped peaks decrease, the impact from hard clipping on the spectrum characteristics increase and the margin to the Spectrum due to modulation and wideband noise decreases.
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Figure 6.4-2 Spectrum widening of DAS-7 at a PAR target of 4dB due to hard clipping.
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Figure 6.4-3 Spectrum widening of DAS-7 at a PAR target of 6dB due to hard clipping.
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Figure 6.4-4 Spectrum widening of DBS-6 at a PAR target of 4dB due to hard clipping.
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Figure 6.4-5 Spectrum widening of DBS-6 at a PAR target of 6dB due to hard clipping.
6.4.2
PAR Reduction for Padded HOM

Higher peak-to-average power ratio is introduced by the IDFT precoder in PCE2.The clipping based PAR reduction method is performed for Padded HOM.This section presents the techniques and investigates of the impact on the performance and spectrum.
PAR reduction methods for Padded HOM are described in sub-clause 6.4.2.1. 
Both the performance degradation and impact on the spectrum are evaluated and described in sub-clause 6.4.2.2.
6.4.2.1  PAR Reduction Method
The same soft and hard clipping algorithms described in sub-clause 6.4.1.1 are used for Padded HOM. The evaluations of the clipping based PAR reduction method are given in the following sub-clauses.
6.4.2.2  PAR Reduction Evaluation

In this sub-clause, the impact of PAR reduction with the combined soft and hard clipping on the performance and spectrum are investigated. For a given PAR target, the soft clipping is performed first and targets only the highest peaks. The hard clipping is then applied on the remaining peaks. The number of clipped peaks aligns with [6.4-7].
6.4.2.2.1 Simulation Assumption

The simulation assumptions are listed in table 6.4-3. 

Table 6.4-3 Simulation settings.
	Parameter
	Value

	Coding Schemes
	DAS-7,DAS-9,DAS-11b v2

DBS-6,DBS-9,DBS-11b v2

	Channel propagation
	TU3iFH

	Frequency band
	900 MHz

	Interference scenario
	AWGN

	Tx filter
	Lin GMSK

	Frames
	5000

	Tx/Rx impairments

  - Phase noise [degrees (RMS)]

  - I/Q gain imbalance [dB]

  - I/Q phase imbalance [deegrees]

  - DC offset [dB]

  - PA model

  - Frequency error [Hz]
	Tx/Rx

0.8/1.2           

0.1/0.2           

0.2/2.0           

-45/-40          

Yes / -

-/25           

	Cyclic prefix length
	level A: 6
level B: 15

	DFT size
	level A:144
level B: 162

	TS position index
	According to [6.4-10]


6.4.2.2.2 Simulation Result

Table 6.4-4 Performance degradation of PAPR reduction.
	Target PAR
	Level
	MCS
	Peaks clipped by

soft clipping
	Peaks clipped by

hard clipping
	Degradation
@10%DataBLER (dB)

	6 dB
	Level A
	DAS-7
	4
	7
	0.2

	
	
	DAS-9
	4
	7
	0.4

	
	
	DAS-11b v2
	4
	7
	0.6

	4 dB
	Level B
	DBS-6
	20
	7
	1.5

	6 dB
	
	DBS-6
	4
	7
	0.1

	
	
	DBS-9
	4
	7
	0.7

	
	
	DBS-11b v2
	4
	7
	2.1


Table 6.4-4 shows the impact of PAR reduction on the link level performance. For a target PAR of 4 dB in Figure 6.4-6 the spectrum requirements could be met with a performance degradation of 1.5 dB. Figure 6.4-7 and Figure 6.4-8 depict the spectrum of DAS-9 and DBS-9 for Padded HOM before and after clipping. For a target PAR of 6 dB, the spectrum requirements could be met with a small performance degradation of less than 0.7 dB (except for  DBS-11b v2).
It can be seen in the figures that the target PAR could be efficiently reached with several times of soft and hard clipping. The spectrum of the clipped signal could be kept within the spectrum mask with acceptable performance degradation.
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Figure 6.4-6 Spectrum of DBS-6 due to PAR reduction with soft and hard clipping.
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Figure 6.4-7 Spectrum of DAS-9 due to PAR reduction with soft and hard clipping.
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Figure 6.4-8 Spectrum of DBS-9 due to PAR reduction with soft and hard clipping.
6.4.3
PAR reduction complexity for Single Block PCE2
The evaluation in sub-clause 6.4.2 indicates that the combined soft and hard clipping algorithm offers the best tradeoff between link level performance and computational complexity. The ambition of this sub-clause is to verify this indication, and make a thorough assessment of the computational complexity demanded by the combined soft and hard clipping algorithm. 
************************************* Second modified subclause ************************************
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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.
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	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, with positive impact on ACI, 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


NOTE: Low Complexity SBPCE2-B, LC SBPCE2-B, has been used in the evaluation of SBPCE2 for level B.
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		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.
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		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%
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		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.

		The current spectrum requirement could be obeyed by the combined soft and hard clipping.



		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%
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		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) when functional blocks of the reicever has not been aligned:

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

		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.






