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[first modified clause]
8.4.3
Implementation C

Source: Reference [6], [19], [8], [28], [30], [42] and [43]. Note that there are additional details of simulation results in annex B.

Higher order modulations and turbo codes have been proposed as candidates for the GERAN continued evolution feasibility study. The performance gains of 16QAM, 32QAM, turbo codes and the combination of these are evaluated on link and system level.

In addition a short investigation is included regarding the impact on performance if the 16QAM DFSE equalizer is replaced by RSSE.

[next modified clause]
8.4.3.9.3
Results

8.4.3.9.3.1
Link simulator settings

Simulations have been conducted using a state-of-the-art GSM/EDGE link simulator. The new modulation schemes utilizing 32QAM have been evaluated but also previously defined MCSs in combination with IRC. The simulation parameters are summarized in table 150.

Table 60: Link simulator settings
	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference
	Co-channel

DTS2 (see note)

	Direction
	Uplink

	Antenna diversity
	Single 

Two antennas, IRC

	Antenna correlation
	0

	Carrier/interf. time sync.
	Ideal

	Equalizer


-
8PSK


-
16/32QAM


-
Hyper States
	Decision Feedback Seq. Est. (DFSE)

Reduced State Seq. Est. (RSSE)

 4 (16QAM)

 8 (32QAM)

	Impairments:


-
Phase noise


-
I/Q gain imbalance


-
I/Q phase imbalance


-
DC offset


-
Frequency error


-
PA model
	Tx / Rx

0.8 / 1.0   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 1.5   [degrees]

-45 / -40  [dBc]

  - / 25   [Hz]

Yes / -

	NOTE:
See table 59 for a thorough description.


8.4.3.9.3.2
Link Simulations

In this subclause the link level results of the 32QAM MCSs are shown. Both results with and without turbo coding are presented.
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Figure 150: Link performance (without antenna diversity)
of MCS-10/11/12-32QAM and MTCS-10/11-32QAM
It can be seen that the turbo coding gives an additional gain in performance of approximately 1 dB at 10 % BLER (as has been seen before in e.g. [28]). The performance of uncoded 32QAM, MCS-12, seems to experience an error floor at high C/I. This is due to the transmitter and receiver impairments that are not dependent on the radio conditions.

In table 61 the performance of MCS-7-12 at a BLER of 10 % is shown.

Table 61: Performance of difference modulations @ 10 % BLER
	MCS
	C/I @ 10% BLER [dB]
	Gain [dB]

	
	Cc/8PSK
	Cc/16QAM
	Tc/16QAM
	Cc/32QAM
	Tc/32QAM
	Cc
	Tc (see note)

	7
	18.8
	17.5
	16.4
	
	
	1.3
	2.4

	8
	23.9
	19.9
	19.2
	
	
	4.0
	4.7

	9
	26.1
	21.8
	20.6
	
	
	4.3
	5.5

	10
	
	25.0
	24.2
	24.3
	23.3
	0.7
	0.9

	11
	
	28.8
	
	28.8
	27.6
	0.0
	1.2

	12
	
	
	
	34.7
	
	
	

	NOTE:
If there is no turbo code performance result for different modulations of one MCS, the performance of the convolutional code is used instead.


It can be seen that there is a performance gain when HOM is used for robustness. The gain is however smaller between 16QAM and 32QAM compared to 8PSK and 16QAM. For all MCSs the turbo coding gives an additional gain of around 1 dB.

In figures 151 and 152 the achieved throughput with ideal Link Adaptation, LA, is shown (no IR is used). The sets of MCSs used are defined in table 62.

Table 62: Different sets of MCSs used in the link adaptation
	Set
	MCS

	EDGE
	MCS-5/6/7/8/9-8PSK

	1
	MTCS-5/6-8PSK

MTCS-7/8/9/10-16QAM

MCS-11-16QAM

	2
	MTCS-5/6-8PSK

MTCS-7/8/9-16QAM

MTCS-10/11-32QAM

MCS-12-32QAM


[image: image2.png]45

T T T T T
0
T ~
5
L Je
<
0
&
o=l
r &
kg
&0
L Jo
5@
~ o
k=X
0 =
- o
L o
«
o
o o o oo
© ¥ «
[9%] ureb ndyBnoay )
L Jo
G- &
[a i)
o o
L Jw
i i i i o
o o o o © o o o o
5 © @ ®» I ® « -

100

[sda] indyBnoay




Figure 151: Throughput of different sets of MCSs with no antenna diversity
or incremental redundancy
Using 16QAM to increase robustness and to increase peak throughput (Set 1) gives gains at high C/I of, at the most, 38 %. Gains of more than 20 % are however achieved at C/I > 20 dB. 32QAM will increase performance even further (Set 2) with performance improvements compared to 16QAM from approximately a C/I of 22 dB. Throughput gains of higher than 50 %, compared to EDGE, are experienced at C/I > 34 dB.

Even further gains are achieved when combining the HOM with receiver diversity as figure 152 shows.
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Figure 152: Throughput of different sets of MCSs with  two receiving antennas using IRC
Interference scenario 'DTS2'
The same sets of MCSs have been used as in figure 151, but there are two receiving antennas and in the equalizer IRC is used. It can be seen that the gains are approximately the same, or somewhat less, up to approximately C/I of 17 dB. Gains of more than 20 % are experienced with 16QAM at C/I > 20 dB and the gain with 32QAM is above 50 % for C/I > 25 dB.
In figure 153 the throughput of the highest MCS of set EDGE, Set 1 and Set 2 is shown when using incremental redundancy, IR (but no antenna diversity). The number of IR retransmissions has been limited to 2. It can be seen that the throughput gains are similar to the ones in figure 151 where ideal LA without IR was utilized.
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Figure 153: IR throughput (without antenna diversity) for the highest MCS of EDGE,
Set 1 and Set 2 respectively. The number of IR retransmissions have been limited to 2
To estimate the impact on mean user throughput, calculations with a C/I-distribution have been performed. The distribution used is from a 3/9 freq. reuse with a 2 % blocking limit, see annex B, figure B.9.
Table 63: Estimation of average user throughput
	Set
	Mean user bit rates [kbps]

	
	Single antenna div.
	Dual antenna div. w. IRC
	Throughput gain (see note) single antenna div. [%]
	Throughput gain (see note) dual antenna div. [%]

	EDGE
	43.5
	54.6
	
	

	1
	54.3
	70.0
	25 %
	28 %

	2
	56.5
	75.5
	30 %
	38 %

	NOTE:
Gain is presented relative to EDGE performance.


In table 63 it can be seen that there are substantial gains by using both 16QAM and 32QAM, both with and without IRC. Previously it has been shown that 32QAM can increase the peak bit rate with 66 % and in this calculation it is shown that the average throughput gain for all users can be close to 40 %. The gains shown when IRC is used are expected also for downlink if MSRD is used.
8.4.3.9.3.3
System simulator settings
The same simulator as in subclause 8.4.3.6.1 has been used. The system level scenarios are summarised in table 63a.
Table 63a: Summary of system simulation parameters.

	Parameter
	Value

	
	Scenario 1
	Scenario 8

	Reuse
	1
	1/3

	Spectrum allocation
	7.2 MHz (excluding BCCH)
	7.2 MHz (excluding BCCH)

	Frequencies per cell
	36
	12

	Transceivers per cell
	12
	12

	Frequency hopping
	Random
	Random

	Traffic model
	FTP, 100 kB file size
	FTP, 100 kB file size

	Cell radius
	500 m
	500 m

	Power control
	No
	No

	Pathloss model
	Okumura-Hata
	Okumura-Hata

	Log-normal fading standard deviation
	8 dB
	8 dB

	Rayleigh fading
	Yes
	Yes

	Multi-slot allocation per session
	4 timeslots
	4 timeslots

	Link quality control
	Measurement based link adaptation
	Measurement based link adaptation

	Power backoff 8PSK
	3.3 dB
	3.3 dB

	Power backoff 16QAM
	5.3 dB
	5.3 dB

	Power backoff 32QAM
	5.6 dB
	5.6 dB


8.4.3.9.3.4
System simulation results

Figure 153a shows the average session bit rate for different user percentiles (10th, 50th, and 90th percentile) in scenario 1. The gains on the 10th percentile are 15-60% for HOT level 2 (where the higher value corresponds to higher load).  On the 50th percentile, the gains are 35-45% while the gain on the 90th percentile is ~37%.
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Figure 153a. Average session bit rate percentiles, 10th percentile (blue), 50th percentile (red), 90th percentile (black), as a function of offered FTP load, for EGPRS (dashed) and HOT level 2 (solid), in a 1-reuse.

Figure 153b shows the average session bit rate for different user percentiles (10th, 50th, and 90th percentile) in scenario 8. The gains on the 10th percentile are 13-55% for HOT level 2.  On the 50th percentile, the gains are 34-42% while the gain on the 90th percentile is 34-38%.
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Figure 153b. Average session bit rate percentiles, 10th percentile (blue), 50th percentile (red), 90th percentile (black), as a function of offered FTP load, for EGPRS (dashed) and HOT level 2 (solid), in a 3-reuse.
[next modified clause]
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