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System level performance of HOT
1 Introduction

A work item introducing higher order modulations and turbo codes has been proposed as a means to improve throughput and spectral efficiency in GERAN ‎[1]. Substantial amounts of link- and system level performance evaluations have been presented at previous GERAN meetings, see e.g., ‎[2]

 REF _Ref150262685 \r \h 
‎[3]

 REF _Ref150262688 \r \h 
‎[4]

 REF _Ref150262690 \r \h 
‎[5] as well as the feasibility study report ‎[6]. The present contribution supplements these results with system level performance for the full-blown HOT proposal, i.e., including 16QAM, 32QAM and turbo codes.
2 Concept description
The HOT concept is described at numerous places, see e.g. ‎[6]. This section contains only a short recap.
The second level of HOT (see ‎[1]) includes 16QAM, 32QAM and turbo codes. Detailed definitions of modulation and coding schemes (MCSs) have been presented elsewhere but are not yet agreed. A proposed set of MCSs, that have been used in this evaluation, can be found in Table 1.
	MCS
	Coding
	Modulation
	Peak bit rate [bps]

	MCS-1
	Convolutional
	GMSK
	8800

	MCS-2
	Convolutional
	GMSK
	11200

	MCS-3
	Convolutional
	GMSK
	14800

	MCS-4
	Convolutional
	GMSK
	17600

	MTCS-5
	Turbo
	8PSK
	22400

	MTCS-6
	Turbo
	8PSK
	29600

	MTCS-7-16QAM
	Turbo
	16QAM
	44800

	MTCS-8-16QAM
	Turbo
	16QAM
	54400

	MTCS-9-16QAM
	Turbo
	16QAM
	59200

	MTCS-10-32QAM
	Turbo
	32QAM
	67200

	MTCS-11-32QAM
	Turbo
	32QAM
	81600

	MCS-12-32QAM
	Convolutional1
	32QAM
	99200


Table 1. Evaluated set of modulation/coding schemes.

3 Simulator setup
A dynamic system level simulator has been used to evaluate performance for packet data. The simulator models the network with 5 ms granularity (i.e., on burst level).

The system level scenarios are summarised in Table 2.

	Parameter
	Value

	
	Scenario 1
	Scenario 2

	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
	2 km

	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 rel. to GMSK
	8PSK
	3.3 dB
	3.3 dB

	
	16QAM
	5.3 dB
	5.3 dB

	
	32QAM
	5.6 dB
	5.6 dB


Table 2. Summary of system simulation parameters.

4 Simulation results
4.1 Scenario 1: 1-reuse
Figure 1 shows the average session bit rate for different user percentiles (10th, 50th, and 90th percentile) in a 1-reuse. 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 1. 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.
4.2 Scenario 2: 3-reuse

Figure 2 shows the average session bit rate for different user percentiles (10th, 50th, and 90th percentile) in a 3-reuse. 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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4.3 Figure 2. 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.
5 Discussion

Previous contributions ‎[2]

 REF _Ref150262685 \r \h 
‎[3] have shown significant gains of higher order modulations and turbo codes, by replacing MCS-7 to MCS-9 with 16QAM-modulated, turbo coded equivalents. That change gives gains mainly for the users in bad to average radio conditions (corresponding to 10th and 50th percentiles) while the gains for users in good radio conditions (the 90th percentile) are moderate, since their bit rates are close to the peak rate already with EGPRS. With the introduction of MCSs with higher peak rates (enabled through the higher MCSs with 16QAM and 32QAM modulation), the results in this contribution show substantial gains, in the order of 35%, also for the 90th percentile.
One observation is that the gain at the 10th percentile exceeds 50% for high network loads. This implies that HOT will give gains also at the cell border. Recall that one of the objectives for the GERAN evolution feasibility study is to increase bit rates at the cell border by 50%.
6 Conclusion
System level performance has been presented for HOT level 2 (includes 16QAM, 32QAM and turbo codes). Substantial gains are shown for all users. For the users in bad radio conditions (10th percentile), the gain is 13-60%. For the median users, the gain is 34-45%, while for the 90th percentile of users, the gain is 34-38%.
It is proposed to include these results in TR for GERAN Evolution (by agreeing the companion CR ‎[7]).
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