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Performance of 16-QAM and Turbo Codes with Mobile Station Receive Diversity
1. Introduction

The performance of 16QAM modulation and turbo codes been already analysed in various papers, e.g. [1] [2]. This contribution addresses the performance of 16QAM/TC when combined with the mobile station receive diversity (MSRD). A particular aim is to assess whether 16QAM/TC would bring a similar improvement also in the case of MSRD, i.e. whether the gains from 16QAM/TC and MSRD are additive.

Furthermore, this paper shows the performance of 16QAM/TC EGPRS in a sensitivity limited environment, taking into account the additional back off for 16QAM modulated radio blocks.
2. Simulation MODEL
The simulation model is described in [1]. The following text explains the features that are not treated in that contribution.
The antenna correlation is assumed to be zero and the gain imbalance 0 dB. 

The interference model is DTS-1 for the single-antenna receiver and DTS-2 for the dual-antenna receiver. The interferers are GMSK-modulated in both cases. The signal-to-interference ratio is normalized so that it represents the total received power after RX filtering, hence including an 18 dB reduction for the adjacent channel interference. Such approach is taken in order to enable a fair comparison between DTS-1 and DTS-2. 
The channel coding of the MCS5 - MCS9 is carried out with 1/3-rate turbo code. The internal interleaver and generator polynomials are implemented as specified for UTRAN [3], the non-systematic parity bits being punctured with an even-spaced pattern. The number of decoding iterations is fixed to 8, the decoding algorithm being LOGMAX. No scaling is applied to the extrinsic information. Turbo coding is applied only for the data bits, while the other fields of an RLC/MAC block are encoded according to current EGPRS specification. The simulated modulation and coding schemes are summarized in Table 1 below.
Table 1 – Modulation and Coding Schemes
	Modulation and Coding Scheme
	Data Code rate
	Header Code rate
	RLC blocks per radio block
	Family
	Interleaving depth
	Data rate

	MCS-1
	0.53
	0.53
	1
	C
	4
	8.8

	MCS-2
	0.66
	0.53
	1
	B
	4
	11.2

	MCS-3
	0.85
	0.53
	1
	A
	4
	13.6/14.8

	MCS-4
	1.00
	0.53
	1
	C
	4
	17.6

	MCS-5
	0.37
	0.33
	1
	B
	4
	22.4

	MCS-6
	0.49
	0.33
	1
	A
	4
	29.6/27.2

	MCS-7
	0.76
	0.36
	2
	B
	4
	44.8

	MCS-8
	0.92
	0.36
	2
	A
	2
	54.4

	MCS-9
	1.00
	0.36
	2
	A
	2
	59.2

	MCS-5-TC
	0.37
	0.36
	1
	B
	4
	22.4

	MCS-6-TC
	0.49
	0.36
	1
	A
	4
	29.6/27.2

	MCS-7-16QAM/TC
	0.55
	0.36
	2
	B
	4
	44.8

	MCS-8-16QAM/TC
	0.67
	0.36
	2
	A
	4
	54.4

	MCS-9-16QAM/TC
	0.73
	0.36
	2
	A
	4
	59.2


3. Simulation Results

The simulations are carried out in interference limited and noise limited environments. In the interference limited scenario, it is assumed that the highest power levels are never reached and no back off is hence needed. In the noise limited scenario, it is assumed that the full transmit power is always used, thus implying that the power of 8-PSK modulated blocks is backed off by 3 dB and the power of 16-QAM modulated blocks by 5 dB.
The link adaptation is assumed to occur in ideal manner without any incremental redundancy combining. The channel model is TU3iFH.
3.1 Interference limited scenario

The results from the interference limited simulations are summarized in Table 2, which shows the link layer performance in terms of CIR at BLER=10 %.
Table 2 – Interference limited results
	MCS
	Single antenna MS
	Dual antenna MS

	
	EGPRS
	16QAM / TC
	EGPRS
	16QAM / TC

	
	
	CIR@10%FER
	Gain [dB]
	
	CIR@10%FER
	Gain [dB]

	MCS-5
	10.6
	10.0
	0.5
	5.5
	4.9
	0.6

	MCS-6
	13.0
	12.5
	0.5
	7.3
	6.7
	0.6

	MCS-7
	18.8
	16.5
	2.3
	11.5
	9.8
	1.7

	MCS-8
	24.9
	19.6
	5.3
	15.9
	11.9
	4.0

	MCS-9
	29.1
	21.0
	8.1
	19.5
	12.9
	6.7


The interference limited throughput is shown in Figure 1. In addition to the basic schemes, curves for dual carrier EGPRS and single antenna 16-QAM are given as reference. 
[image: image1.emf]0

10000

20000

30000

40000

50000

60000

70000

-6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

CIR [dB]

Throughput [bit/s]

Single antenna EGPRS

Single antenna 16QAM / TC

Single antenna 16QAM

Dual antenna EGPRS

Dual antenna 16QAM / TC

Dual carrier  EGPRS


Figure 1 – Interference limited throughput
3.2 Sensitivity limited scenario

The results from the sensitivity limited simulations are summarized in Table 3 below:

Table 3 – Sensitivity limited results
	MCS
	Conventional
	MS receive diversity

	
	EGPRS
	16QAM / TC
	EGPRS
	16QAM / TC

	
	
	SNR@10%FER
	Gain [dB]
	
	SNR@10%FER
	Gain [dB]

	MCS-5
	14.1
	13.4
	0.7
	9.5
	8.8
	0.7

	MCS-6
	16.1
	15.6
	0.6
	11.3
	10.6
	0.7

	MCS-7
	20.9
	21.9
	-1.0
	15.1
	16.4
	-1.3

	MCS-8
	25.8
	24.3
	1.5
	18.9
	18.3
	0.6

	MCS-9
	29.3
	24.6
	4.8
	22.1
	19.2
	2.9


The sensitivity limited throughput is given in Figure 1 below:
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Figure 2 – Sensitivity limited throughput
4. Discussion

4.1 Interference limited scenario
As can be seen from the results, the gains from 16QAM/TC and MSRD are rather close to additive, i.e. the total gain is close to the sum of the individual gains in decibel scale. It is also interesting to note that the throughput of the MSRD/16QAM/TC configuration is close to the throughput of the dual-carrier up to a CIR of 16 dB.
Most of the throughput gain for 16QAM/TC clearly comes from 16-QAM (see yellow curve). The only exception is MCS-7, for which about one half of the gain comes from 16-QAM and one half from the turbo codes. This result is somewhat contradictory with the system level results of [2], where most of the throughput gain in cell border and median is reported to come from turbo codes. One reason for this difference is that no IR is applied in [2], hence implying that the two highest MCSs are possibly not used very often.
It can be seen from Figure 1 that the maximum throughput with MSRD/16QAM/TC is achieved with the same signal quality where the single-carrier MCS-7 is switched on. There could be hence some room for higher coding rate MCSs when MSRD is used.
The results indicate that a throughput gains up to ~30 % could be achieved with the combination of 16-QAM and turbo codes. However, it is important to notice that the evaluated scenario represents the performance of 16QAM/TC in very favourable conditions. It has been already shown in [1] that the inclusion of non-hopping environment and IR can drastically reduce the achieved gains. Another impairment that is not visible in the link layer simulations is the power back off, i.e. it is assumed that the highest power levels are never touched. This might not be a valid assumption even in the case of an interference limited network, since the downlink power control is not necessarily used at all, and on the BCCH layer a constant transmission power has to be used. As will be shown in next section, the inclusion of full back off can easily translate the achieved gains into loss.
One comment should be made about the performance of the dual-antenna scenarios. The average DIR of the applied interference scenario (DTS-2) is expected to be somewhat higher than the average DIR of a typical network scenario (see e.g. [4]). Hence, the gain from MSRD is expected to be somewhat optimistic in the given results.
4.2 Noise limited scenario

As can be seen from Figure 2, the gain from 16QAM/TC is heavily impacted by the inclusion of 5 dB back off for 16-QAM modulation. For MCS-8 and MCS-9 there is a gain of ~10 %, and for MCS-7 a loss of similar magnitude. This example hence illustrates that the 16QAM/TC does not necessarily bring any improvement, but can even induce some loss compared to the current EGPRS.
5. conclusions

The conclusions from this study are:
· Up to 30 % gain can be achieved from the use of 16-QAM and turbo coding in favourable network conditions (no back off)

· Up to 10 % loss can result when using 16-QAM and turbo coding in worst-case network conditions (full back off)
· The use of incremental redundancy and the absence of frequency hopping (BCCH layer deployment) are likely to reduce the achieved gains (see [1])
· The use of mobile station receive diversity has only a slight negative impact on the gain from 16-QAM and turbo coding

· Most of the 16-QAM/TC gain comes from 16-QAM 
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