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Conclusion for SI on Signal Precoding Enhancements for EGPRS2 Downlink - SPEED

1 Introduction

A study item on SPEED was started at GERAN#46, [1], modified at GERAN#51, [2], to investigate the concept of Precoded EGPRS2 DL which had shown promising performance in initial evaluations in GERAN, [3].

This document shortly summarizes the outcome of the study for the proposed candidate techniques based on the objectives set and also proposes a conclusion of the study, to be included in the SPEED TR [4].

2 Candidate techniques

Two candidate techniques have been proposed within the scope of the study:

· Single Block Precoded EGPRS2 – SBPCE2

· Padded Higher Order Modulation – Padded HOM

There are many commonalities for the two techniques but also differences. 

Both techniques use a DFT precoder to modulate the full burst, including training sequence symbols with the largest differences in the burst format where SBPCE2 uses, to a large extent, the same number of payload symbols and the same modulation as EGPRS2, while Padded HOM uses higher order modulation than EGPRS2 to allow for fewer payload symbols to be transmitted per burst.

In the following sections the compliance of both techniques to the performance and compatibility objectives are summarized.

3 Evaluation of, and compliance to, study objectives

The following objectives in the study item description set the scope of the study:

· Investigate the feasibility of using the Discrete Fourier Transform (DFT) precoder for EGPRS2-A and EGPRS2-B DL specific modulation and coding schemes, i.e. DAS-5 to 12 and DBS-5 to 12 respectively.

· Keep all channel coding definitions of EGPRS2 intact, except for the highest MCSs of each set, i.e. DAS-10/11/12 and DBS-10/11/2 for EGPRS2-A and EGPRS2-B respectively. 

· Investigate possible techniques to reduce Peak-to-Average Ratio (PAR) for Precoded EGPRS2 DL.

· Evaluate the possible gains with Precoded EGPRS2 compared to realistic EGPRS2 performance.

· Investigate possible enhancements in burst formatting by e.g. modifying the placements of the training sequence symbols in the burst and changing the mapping of bits onto modulation symbols within a burst.

· Minimize hardware impact on base station and mobile station.

The sections below contain the performance and compatibility objectives formulated in the TR and the compliance of the respective candidate techniques to each objective.

3.1 Performance objectives 

3.1.1 Improved EGPRS2 throughput

“The introduction of Precoded EGPRS2, PC EGPRS2, shall significantly improve data throughput performance as compared to realistic EGPRS2 performance”

This objective is evaluated in Section 8 of the SPEED TR, “Comparison of PC EGPRS2 with EGPRS2 performance”. The comparison shown in the sections below are based on Section 8 for level A ([10] and [6]) while for level B no realistic EGPRS2-B performance has been provided to Section 8 of the TR. 
It is noted that EGPRS2-B (and EGPRS2-A) performance has been submitted in [11] without using Tx impairments, and also in [12] Precoded EGPRS2 performance has been provided. However, none of the studies follow the agreed simulation assumption in the TR for performance evaluation in Section 8 and are thus left out of this document.
For both levels also earlier performance shown during the work of SPEED, [7], is used for the comparison.
Further it can be noted that: 
· Both the simulated SBPCE2 performance and the EGPRS2 performance in Section 8 of [4], [10] and [6] as well as the performance taken from [7] use the same Tx and Rx impairments set with one difference. The performance in [7] and the EGPRS2-A reference in Section 8 of [4] do not model the base station PA which potentially will increase the EVM and degrade performance further
.
· Although the implementations of the EGPRS2 receiver [10] and the SBPCE2 receiver [6] are different, there have been offline discussions between the contributing companies to assert that the functional blocks of the receiver are similar to form a basis for a fair comparison between the two techniques. 
· To get an understanding of the EGPRS2-A reference receiver used in [10] the figures below show the BLER performance of the EGPRS2-A receiver compared to EGPRS2-A reference performance and TIGHTER performance specified in 3GPP Rel-10, see [5]. It is worth noting that in the receiver performance from [10] both Tx and Rx impairments are assumed while for the reference performance from [5] only Rx impairments are included. It can be seen that in both scenarios the EGPRS2-A performance and the TIGHTER performance is fulfilled with different margins depending on the scenario investigated.
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Figure 1. Performance of EGPRS2-A reference from [10] at CCI, TU3nFH (top) and RA250nFH (bottom).
· As with recent discussions for VAMOS, see [14], it is believed that the primary interest for the ACI scenarios is to provide a sufficient Adjacent Channel Protection (ACP). Consequently ACP estimation is done and in the remainder of this document focus in the comparison is put on the CCI, DTS-2 and Sensitivity performance.

The ACP is estimated from the throughput envelope curves provided by Section 8 of [4] and [6] and are summarized in Table 1. The ACP is calculated @ 50 kbps/TS and linear interpolation is used between the 5 dB steps provided in Section 8.

Table 1. ACP SBPCE2-A @ 50 kbps/TS

	
	SBPCE2-A [6]

	Low band, TU3nFH
	19.3

	Low band, TU3iFH
	19.0

	Low band, RA250nFH*
	19.3

	High band, TU50nFH
	18.3









   * @ 30 kbps/TS

The table shows that SBPCE2-A provides sufficient adjacent channel protection in the scenarios investigated. A lower throughput is chosen for RA250nFH to avoid impacts on error floors since the peak rate is greatly reduced at the high velocity.

3.1.1.1 SBPCE2

3.1.1.1.1 SBPCE2-A vs. EGPRS2-A

3.1.1.1.1.1 Section 8 in [4]
In this section the relative gains of SBPCE2-A compared to EGPRS2-A performance are presented. The absolute performance figures serving as input to this comparison is presented in [4], [6] and [10].
In Table 2-Table 4 significant gains are shown in all fading channel propagation conditions except RA250 km/h, where the high velocity challenges the robustness of the SBPCE2 modulation technique, resulting in inferior performance at medium to high C/I levels. The conclusions are consistent over the different scenarios investigated. In CCI there are consistent gains of 30-50%, in DTS-2 correponding gains of 40-60% and in sensitivity a larger dependency on scenario with gains ranging from 10-60%, in common C/I or SNR operating regions. In most scenarios as SBPCE2 and EGPRS2 reach peak throughput at high C/I and SNR levels gains are naturally diminished.
Table 2. Throughput gain [%] of SBPCE2-A vs. EGPRS2-A, from Section 8 of [6], [4] and [10].
 Sensitivity.
	Es/N0 [dB]
	Low band
	High band

	
	Static
	TU50nFH
	HT100nFH
	RA250nFH
	TU50nFH
	HT100nFH

	10
	14,3
	*
	*
	*
	*
	*

	15
	0,0
	12,9
	55,7
	0,1
	33,7
	106,6

	20
	14,6
	9,6
	26,4
	-1,8
	13,1
	47,4

	25
	0,8
	23,3
	28,1
	-6,4
	38,3
	44,7

	30
	0,1
	27,1
	41,6
	-5,2
	35,6
	36,3

	35
	0,0
	23,4
	55,0
	-8,7
	32,9
	42,4

	40
	0,0
	12,5
	57,6
	-17,7
	28,3
	44,2


* EGPRS MCSs contributing to the throughput envelope

Table 3. Throughput gain [%] of SBPCE2-A vs. EGPRS2-A, from Section 8 of [6], [4] and [10]. 
CCI.
	C/I [dB]
	Low band
	High band

	
	TU3nFH
	TU3iFH
	RA250nFH
	TU50nFH

	10
	40,2
	32,0
	17,2
	30,6

	15
	45,8
	54,0
	10,4
	46,8

	20
	41,9
	48,8
	5,9
	44,8

	25
	21,9
	42,5
	-1,9
	30,4

	30
	8,4
	17,2
	-9,8
	33,2

	35
	7,8
	15,4
	-12,4
	45,8

	40
	2,7
	5,7
	-18,6
	32,7


Table 4. Throughput gain [%] of SBPCE2-A vs. EGPRS2-A, from Section 8 of [6], [4] and [10]. 
DTS-2.

	C/I [dB]
	Low band
	High band

	
	TU50nFH
	TU50nFH

	10
	52,8
	56.6

	15
	47,4
	46.7

	20
	55,2
	53.7

	25
	42,6
	45.8

	30
	35,8
	38.4

	35
	18,9
	26.5

	40
	11,6
	24.4


3.1.1.1.1.2 SBPCE2-A vs. EGPRS2-A performance in [7]
In the figure below the SBPCE2-A is shown compared to the performance shown in [7]. It can be seen that the gains are consistently around 30 % in the C/I region 15-24 dB.
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Figure 2. SBPCE2-A vs EGPRS2-A, [7], performance.
3.1.1.2 SBPCE2-B vs. EGPRS2-B
3.1.1.2.1 SBPCE2-B vs. EGPRS2-B performance in [7]
In the figure below the SBPCE2-B is shown compared to the EGPRS2-B performance shown in [7]. It can be seen that from C/I around 17 dB there are consistent gains of 5-10 dB in the ideal LA curves for SBPCE2-B, resulting in throughput gains of 30-40% in C/I region 17 to 28 dB. Also, SBPCE2-B reaches the peak throughput at around C/I 30 dB while peak throughput is not achieved at all in [7].
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Figure 3. SBPCE2-B vs EGPRS2-B, [7], performance.

3.1.1.3 Padded HOM

At the time of writing no realistic performance had been contributed to in Section 8 of [4] and also no other results have been contributed with including typical Tx/Rx impairments and PAR reduction of Padded HOM which is needed for realistic Padded HOM performance, required by the objective (see 3.1.1 for more details).

3.2 Compatibility objective

3.2.1 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.”

3.2.1.1 SBPCE2

SBPCE2 uses the same pulse shaping filter as defined for EGPRS2, and with the precoder module before the pulse shaping the constellation points are mapped to I/Q samples similar to Gaussian noise due to the IDFT. Thus, the spectrum is not impacted by adding the precoder module to the transmitter.

For PAR reduction a mix of soft clipping and hard clipping has been used, see Section 6.4.1 in [4], to reduce the PAR of the precoded signal to 4 dB or 6 dB depending on the modulation of the MCS. It has been shown that the spectrum mask is fulfilled.

At ramp up and ramp down of the burst, a pre-defined window has been combined with defined guard symbols to control the power ramps of the burst and to fulfill the requirement on spectrum due to switching transients, and to comply with the burst duration used today.

3.2.1.2 Padded HOM

Padded HOM and SBPCE2 use the same precoder module, pulse shaping filter and modulations. Based on this it can be assumed that Padded HOM fulfills the requirements on spectrum due to modulation and wideband noise when PAR compression is inactive.

Padded HOM has not been evaluated with PAR reduction which is needed for a realistic implementation of the technique. The impact from PAR reduction on performance and on implementation complexity has also, at the time of writing, not been addressed.

3.2.2 Impact on legacy services

“The impact of PC EGPRS2 on GSM speech codecs, GPRS, EGPRS and EGPRS2 shall be kept at a minimum. Impact on cell reselection performance of mobile stations should be avoided by operation of PC EGPRS2 on the BCCH carrier. Impacts from PAN and USF multiplexing on PC-EGPRS2 and legacy user throughput should be minimized.”

3.2.2.1 SBPCE2

In Section 6.5.1.1 of [4] the impact to legacy terminals due to interference from SBPCE2 has been evaluated and concluded not to be impacted.

In Section 6.4.1 of [4] PAR reduction techniques have been used to reduce the PAR of SBPCE2 to 4 dB or 6 dB depending on the modulation used. A PAR reduction to 4 dB has been achieved for modulations QPSK (HSR) and 8PSK (NSR) while a PAR of 6 dB has been achieved for HOM modulations (16QAM, 32QAM and 64QAM).

In [9] the requirements of average power decrease on the BCCH carrier are listed per modulation, see table below. It can be seen that the achieved PAR for SBPCE2 is fully aligned with the current requirements and thus there will be no additional impact to cell reselection.

Table 5. Maximum average power decrease for the BCCH carrier per modulation and EGPRS/EGPRS2 service (see [9]).

	
	Modulation
	Output Power 

Decrease

	EGPRS
	8PSK
	4 dB

	EGPRS2-A
	16QAM
	6 dB

	EGPRS2-A
	32QAM
	6 dB

	EGPRS2-B
	QPSK
	4 dB

	EGPRS2-B
	16QAM
	6 dB

	EGPRS2-B
	32QAM
	6 dB


In Section 6.5.2 of [4] the impact on throughput due to USF/PAN multiplexing has been evaluated. For USF multiplexing different MS penetration scenarios has been simulated with no or little impact on throughput if the currently specified functionality of USF granularity 4 is used. 
3.2.2.2 Padded HOM

No evaluation has been done on the impact to legacy terminals due to interference from Padded HOM and since the spectral properties of SBPCE2 and Padded HOM are not the same the results for SBPCE2 cannot be re-used.

Also, since PAR reduction has not been evaluated for Padded HOM the impact on cell reselection performance is not clear. It is believed that the same approach for PAR reduction can be used for Padded HOM as for SBPCE2 but as pointed out in Section 3.2.1.2, the impact on performance and complexity by doing so has not so far been evaluated.

Impacts on USF/PAN multiplexing concluded for SBPCE2 is expected to hold also for Padded HOM.

3.2.3 Implementation impact to base station and mobile station

“The introduction of Precoded EGPRS2 in the base station transmitter should change BTS hardware as little as possible.”

“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.”

3.2.3.1 SBPCE2

Detailed analysis on the computational complexity of SBPCE2 has been provided in Section 6.6.1.1 and 6.6.2.1 of [4]. The estimated include all aspects of the SBPCE2 technique, such as, the use of new modulation (64QAM), up and down ramping of the burst, soft clipping, hard clipping, blind modulation detection, rotation based PAR reduction, synchronization, channel estimation, demodulation, decoding.

The relative difference between EGPRS2 transmitter and receiver has been estimated in the table below.

Table 6. Impact on MS and BTS computational complexity compared to EGPRS2.

	EGPRS2 level
	MS
	BTS

	A
	-50%
	+25-65%*

	B
	-40%
	+25-87%*











* Depending on the oversampling rate used.

The MS complexity is reduced to approximately half while the BTS complexity is increased by 25-87% depending on the oversampling rate and EGPRS2 level used.

3.2.3.2 Padded HOM

At the time of writing no complexity estimation has been performed for Padded HOM.

3.3 Compliance with objectives – Summary

Based on Section 3.1 and 3.2 the following conclusions are reached.

Table 7. Compliance with objectives - 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
	Sens: 10-60 % throughput gains in most scenarios and common SNR regions.

CCI: 30-50% in most scenarios and common C/I operating regions
DTS-2: Throughput gains of 40-60% for common C/I  operating regions
ACP of around 19 dB at medium throughput levels of the ideal envelope.

For sensitivity and CCI performance, SBPCE2 is superior for low MCSs in 250 km/h scenarios but inferior or on par for high MCSs in the set. Losses are at the most 20% in high SINR regions.
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. Also sensitivity figures are compensated by the PAR of the signal.
	No simulation results with PAR reduction and realistic Tx/Rx impairments have been provided to be able to comply with the objective of significant throughput gain for realistic performance.

	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 investigated in combination with methods to reduce PAR, which is required to provide realistic performance.

	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
	Since the spectral properties of the Precoded carrier is changed compared to SBPCE2, the impact on performance is unclear and has not yet been investigated.

	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.
	No PAR reduction investigated to comply with the current requirement on maximum backoff on the BCCH carrier.

	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: +25 – +65 %

EGPRS2-B: +25 – +87 %
	No complexity estimation performed

	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 -40 – -50%
	No complexity estimation performed


	
	
	Compliant

	
	
	Not compliant

	
	
	Unclear / FFS


4 Conclusions of the study

Based on the above analysis it is proposed to add Table 7 and the following text to the conclusion section of [4]:

“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 include several commonalities and the final solution proposed that fulfils 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 3GPP TS 45.005.

SBPCE2 has shown to give throughput gains in common SINR regions 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:

10-60% in most Sensitivity scenarios 


30-50% in most CCI scenarios


40-60% for the multi interferer scenario DTS-2


The technique has also shown to keep a consistent ACP of around 19 dB measured at medium throughput level of the ideal envelope.
For sensitivity, CCI and ACI performance, SBPCE2 is superior for low MCSs in the Rural Area 250 km/h, RA250nFH, scenarios but inferior or on par for high MCSs in the set. Losses are at the most 20% in high SINR regions. The losses are seen due to a more sensitive modulation type in SBPCE2 for high Doppler scenarios.
The 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:

6.1.1.1

DFT length:



















6.2.1.1
CP length




















6.2.2.1

TSC symbol posision
















6.2.3.1, 6.2.3.2
Header swap and burst shift 












6.2.4.1, 6.1.1.1
Pulse shaping and ramping













6.2.7.1
Modulation by cyclic TSC shift











6.3.1.2

Rotation based PAR redcuction











6.4.1
Modulation mix


















6.1.1.1
NOTE: Low Complexity SBPCE2-B, LC SBPCE2-B, has been used in the evaluation of SBPCE2 for level B.
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� It has been seen in e.g. � REF _Ref308881760 \r \h � \* MERGEFORMAT �[8]� and � REF _Ref309599545 \r \h � \* MERGEFORMAT �[13]� that EGPRS2-A, but especially EGPRS2-B is sensitive to Tx/Rx impairments, especially for the highest MCSs in the set.
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