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1 Introduction

Within the SPEED study item different candidate techniques have been proposed. In this document

· Single Block Precoded EGPRS2 (SBPCE2) [3]and 

· Padded Higher Order Modulation (Padded HOM) [2]
are compared in sensitivity, CO and ADJ channel scenarios. The impact on performance due to clipping is also investigated.

The document is an update of [8] with additions of header performance.
2 Background
2.1 SBPCE2
Single Block Precoded EGPRS2 utilizes OFDM modulation to modulate both the payload and TSC onto sub carriers within the GSM carrier bandwidth. To reduce transmitter and receiver complexity related to the FFT operation the burst format is slightly altered compared to EGPRS2. The full GSM carrier is however utilized for transmission of the payload.
2.2 Padded HOM

Padded HOM utilizes a similar burst structure as SBPCE2 but with one important difference. The number of sub carriers for payload is reduced to avoid placing symbols at sub carriers significantly suppressed by the TX pulse shaping filter. To avoid modifications of the number of bits transmitted in each burst the modulation order is increased to accommodate for the reduction in payload sub carriers. The technique has been evaluated to transmit zero energy or to redundantly repeat payload information, called Repeat pattern, on the outer sub carriers. In this document the former transmission scheme is evaluated.
There are also further details on the burst design that differ from what is proposed for the two candidate techniques, e.g. CP length and TSC placement.
3 Results
3.1 Common assumptions

Table 1. Simulation assumptions
	Parameter
	Value

	Burst length
	According to [1]

	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
	[7]

	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 / -


3.2 SBPCE2 specific assumptions
Table 2. SBPCE2 specific assumptions
	Parameter
	Value

	MCS
	DAS-5-11, DAS-12b

	CP length
	6

	TSC placement
	According to [4]


3.3 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. Simulation assumptions used and modifications done are presented in this section.
Table 3. Padded HOM specific assumptions
	Parameter
	Value

	MCS
	DAS-5-12

	CP length
	6

	TSC placement
	According to [2] 


It should be noted that the CP length is not chosen according to [2] but based on the evaluation done in [5] where a CP of 5 symbols was seen sufficient for the propagation channel used in this paper. Choosing a longer CP length will not have impact on performance.
The TSC placement has been used as defined in [2] 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 4 summarizes the differences.

Table 4. Difference in burst design between Padded HOM [6] and Padded HOM used in this paper.
	
	
	Padded HOM [6]
	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]
3.4 Performance plots
In this section ideal LA throughput envelope curves and header performance of SBPCE2 and Padded HOM are shown. Performance both with and without signal compressions is shown. The signal compression method used is described in [7].
For 8PSK modulated MCSs (DAS-5-7) a target PAR of 4 dB is used while for 16QAM and 32QAM modulated MCSs (DAS-8-12/12b) a target PAR of 6 dB has been used.
The header performance of the two candidate techniques is shown in Table 5. It can be seen that the difference is at most 1.5 dB. Considering the findings in [9] where it was seen that an improvement of 15 dB in the header BLER resulted in a maximum data degradation of 1 dB, aligning the header performance is not seen to have significant impact on the data performance presented.
Table 5. Es/N0 Header BLER @ 1%, sensitivity.

	MCS
	SBPCE2
	Padded HOM
	SBPCE2

vs.
Padded HOM

	
	No 

clipp.
	Clipp.
	No

clipp.
	Clipp.
	No 

clipp.
	Clipp.

	DAS-5/6/7
	10.6
	10.8
	9.1
	9.4
	1.5
	1.4

	DAS-8/9
	11.0
	11.1
	10.2
	10.3
	0.8
	0.8

	DAS-10
	10.7
	10.7
	9.8
	9.9
	0.9
	0.8

	DAS-11
	12.0
	12.1
	11.4
	11.5
	0.6
	0.6

	DAS-12b 

(SBPCE2)

vs

DAS-12 

(Padded HOM)
	12.8
	13.0
	11.4
	11.5
	1.4
	1.5
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Figure 1. SBPCE2 and Padded HOM, TU50nFH, Sensitivity
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Figure 2. SBPCE2 and Padded HOM, TU50nFH, CO-channel
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Figure 3. SBPCE2 and Padded HOM, TU50nFH, ADJ-channel

It can be seen that SBPCE2 outperforms Padded HOM in both sensitivity and with co-channel interference. In adj-channel interference Padded HOM is superior for the 8PSK/16QAM MCSs (DAS-5-9) while for the higher MCSs both candidates performs equal or SBPCE2 experiences better performance. For all scenarios investigated the degradation due to PAR reduction is more evident for Padded HOM than for SBPCE2. This is due to the higher order modulation used for Padded HOM which increases sensitivity to impairments.
4 Discussion
SBPCE2 and Padded HOM have been investigated in sensitivity, co- and adj-channel interference. 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. Although pure ADJ-channel interference is used for performance requirements and testing it is not believed to be as relevant as sensitivity and in-band co-channel interference dominated scenarios in reality. It is expected that the more even spectrum of the interference and noise the less is the benefit of the narrower spectrum of Padded HOM.
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.
Additional features such as Repeat pattern ([2]) or a shorter TSC ([2]) have also been investigated for Padded HOM. Repeat pattern together with shorter TSC has only been investigated in sensitivity with 0.3 and 0.9 dB gains seen (in [2]) for DAS-5 and DAS-11 respectively. For DAS-12 2.2 dB gains were observed.
5 Conclusion
SBPCE2 and Padded HOM have been investigated in sensitivity, co- and adj-channel interference. 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. 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. It should be noted that in this investigation it was not possible to reach lower than 50 % BLER for DAS-12 for Padded HOM when impact due to clipping was taken into account.
6 References
[1] GP-101349, “Aspects of burst formatting of Precoded EGPRS2 DL”, source Telefon AB LM Ericsson, ST-Ericsson SA. GERAN#47
[2] GP-101770, “Burst format of Improved Precoded EGPRS2 DL”, source Huawei Technologies Co., Ltd., TSG GERAN #48
[3] GP-100918, “Precoded EGPRS2 Downlink”, source Telefon AB LM Ericsson, ST-Ericsson SA. GERAN#46
[4] GP-101350, “Training symbol placements in Precoded EGPRS2 DL”, source Telefon AB LM Ericsson, ST-Ericsson SA. GERAN#47

[5] GP-110201, “Evaluation of modified burst format of Precoded EGPRS2”, source Telefon AB LM Ericsson, ST-Ericsson SA
[6] GP-101431, “Improved Precoded EGPRS2 DL (update of GP-101289)”, source Huawei Technologies Co. Ltd.
[7] GP-061690, “Compressed QAM Modulation”, source Telefon AB LM Ericsson. GERAN#31.
[8] GP-110791, ”Comparison: Padded HOM and SBPCE2”, source Telefon AB LM Ericsson, ST-Ericsson SA
[9] GP-101850, “Burst mapping of PCE2”, source Telefon AB LM Ericson, ST-Ericsson SA. GERAN#48.
7 Annex A
Table 6. SPBCE2 and Padded HOM Es/N0 dB@ 10% BLER, w/ and w/o clipping to target PAR.
	MCS
	SBPCE2
	Padded HOM
	SBPCE2

vs.

Padded HOM

	
	No 

clipp.
	PAR
4 dB
	PAR
6 dB
	No

clipp.
	PAR
4 dB
	PAR
6 dB
	No 

clipp.
	PAR

4 dB
	PAR 

6 dB

	DAS-5
	9.7
	10.2
	9.7
	9.8
	10.4
	9.9
	-0.1
	-0.2
	-0.2

	DAS-6
	11.3
	11.8
	11.3
	11.3
	12.2
	11.4
	0.0
	-0.4
	-0.1

	DAS-7
	 13.1
	13.8
	13.1
	13.1
	14.2
	13.2
	0.0
	-0.4
	-0.1

	DAS-8
	15.6
	
	15.7
	17.0
	
	17.4
	-1.4
	
	-1.7

	DAS-9
	18.3
	
	18.5
	19.8
	
	20.4
	-1.5
	
	-1.9

	DAS-10
	20.4
	
	20.8
	21.6
	
	22.6
	-1.2
	
	-1.8

	DAS-11
	25.4
	
	26.0
	26.9
	
	29.6
	-1.5
	
	-3.6

	DAS-12b 

(SBPCE2)

vs

DAS-12 

(Padded HOM)
	24.4
	
	26.0
	35.4
	
	
	-11.0
	
	


Table 7. SPBCE2 and Padded HOM C/I (CO) dB@ 10% BLER, w/ and w/o clipping to target PAR.

	MCS
	SBPCE2
	Padded HOM
	SBPCE2

vs.

Padded HOM

	
	No 

clipp.
	PAR
4 dB
	PAR
6 dB
	No

clipp.
	PAR
4 dB
	PAR
6 dB
	No 

clipp.
	PAR

4 dB
	PAR 

6 dB

	DAS-5
	8.3
	8.7
	8.3
	9.8
	10.6
	9.9
	-1.5
	-1.9
	-1.6

	DAS-6
	9.8
	10.4
	9.9
	11.5
	12.4
	11.6
	-1.7
	-2.0
	-1.7

	DAS-7
	11.6
	12.3
	11.7
	13.4
	14.5
	13.5
	-1.8
	-2.2
	-1.8

	DAS-8
	14.1
	
	14.2
	16.9
	
	17.3
	-2.8
	
	-3.1

	DAS-9
	16.8
	
	17.0
	19.8
	
	20.4
	-3.0
	
	-3.4

	DAS-10
	18.8
	
	19.4
	21.2
	
	22.2
	-2.4
	
	-2.8

	DAS-11
	23.6
	
	24.3
	26.5
	
	29.2
	-2.9
	
	-4.9

	DAS-12b 

(SBPCE2)

vs

DAS-12 

(Padded HOM)
	22.5
	
	24.3
	34.0
	
	
	-11.5
	
	


Table 8. SPBCE2 and Padded HOM C/I (ADJ) dB@ 10% BLER, w/ and w/o clipping to target PAR.

	MCS
	SBPCE2
	Padded HOM
	SBPCE2

vs.

Padded HOM

	
	No 

clipp.
	PAR
4 dB
	PAR
6 dB
	No

clipp.
	PAR
4 dB
	PAR
6 dB
	No 

clipp.
	PAR

4 dB
	PAR 

6 dB

	DAS-5
	-13.1
	-12.4
	-13.1
	-15.3
	-14.8
	-15.2
	2.2
	2.4
	2.1

	DAS-6
	-11.1
	-10.2
	-11.0
	-13.2
	-12.6
	-13.2
	2.1
	2.4
	2.2

	DAS-7
	-8.6
	-7.3
	-8.4
	-11.0
	-10.1
	-11.0
	2.4
	2.8
	2.6

	DAS-8
	-6.0
	
	-5.7
	-6.9
	
	-6.6
	0.9
	
	0.9

	DAS-9
	-1.3
	
	-0.9
	-2.5
	
	-1.8
	1.2
	
	0.9

	DAS-10
	0.5
	
	1.2
	-0.5
	
	1.1
	1.0
	
	0.1

	DAS-11
	9.6
	
	11.1
	9.6
	
	13.6
	0
	
	-2.5

	DAS-12b 

(SBPCE2)

vs

DAS-12 

(Padded HOM)
	7.4
	
	10.2
	23.7
	
	
	 -16.3
	
	
















































































1(6)
6(7)

