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Additional simulation results for RED HOT and HUGE

1 Introduction

MCSs sets for both HUGE A/B and RED HOT A/B were taken as working assumption at the GERAN Ad Hoc in June, see ‎[1], ‎[2], ‎[3], ‎[4]. Simulation results presented at the Ad Hoc only included TU3iFH with a single receive branch and it was expressed that further investigations were needed in different environments and with receive diversity. 

In this contribution a more extensive evaluation is presented, which includes:

· TU3iFH

· TU3nFH

· HT100nFH

For HUGE, both dual antenna receive diversity and single antenna receiver have been evaluated. Both RED HOT and HUGE have been evaluated in interference and sensitivity limited scenarios. Incremental redundancy has not been taken into account, but is not expected to have an impact on the conclusions.

NOTE: The paper is an update of what was presented at the 6th GERAN Telephone Conference on RED HOT and HUGE, see ‎[5]. The updates include:

· RED HOT B results

· Receive diversity simulations for HUGE

· Sensitivity limited simulations

2 Simulation assumptions

In Table 1 the simulation assumptions are shown.

Table 1. Simulation assumptions.

	Parameter
	Value

	Channel profile
	Typical Urban (TU)
Hilly Terrain (HT)

	Terminal speed
	3 km/h (TU)

100 km/h (HT)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU)

No (TU & HT)

	Interference/noise
	Co-channel

	Antenna diversity
	No

Yes

· IRC (interference limitation)

· MRC (sensitivity limitation)

	Equalizer
States


16QAM


32QAM
	DFSE

16

32

	Tx pulse shape
	Lin GMSK pulse (Normal Symbol Rate)

270 kHz Hanning windowed RRC1 (Higher Symbol Rate)

	Rx filter

  - Bandwidth
	RRC1 (NSR) / Han RRC1 (HSR)

   240 kHz (NSR)

   270 kHz (HSR)

	RRC rolloff
	0.3

	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/   -

	Simulation length
	10000 radio block per simulation point.

	Note 1: The 3 dB bandwidth of the RRC filter before windowing.


Apart from the results already presented in ‎[1], ‎[2], ‎[3], ‎[4] for TU3iFH, also TU3nFH and HT100nFH has been evaluated in this contribution to show MCS performance in a minimum diversity scenario and in environments with large time dispersion and quick time variations.

For the sensitivity simulated scenarios (for both single and dual antenna receivers) the PAR in Table 2 have been used as back off.

Table 2. PAR for Linearized GMSK and Hanning windowed RRC.

	Modulation
	Pulse shape
	Symbol rate
	PAR [dB]

	8PSK
	Lin. GMSK
	Normal
	3.3

	16QAM
	Lin. GMSK
	Normal
	5.3

	32QAM
	Lin. GMSK
	Normal
	5.6

	QPSK
	Hann. RRC
	Increased
	2.1

	16QAM
	Hann. RRC
	Increased
	4.7

	32QAM
	Hann. RRC
	Increased
	5.0


3 Simulation results

References and details of all simulation results can be found in ‎Annex A.

3.1 HUGE A

In Figure 1 and Figure 2 it can be seen that UAS-10 is used in a very small C/I region. However, on a time dispersive channel as HT (Figure 3) it outperforms UAS-11, due to the lower code rate, at high C/I.

When using a dual antenna receiver (Figure 4 - Figure 9) all MCS contribute to the envelope in all investigated scenarios.

3.2 HUGE B

It can be seen in all three single antenna scenarios (Figure 10 - Figure 12) that UBS-10 and UBS-11 would hardly ever be used by an ideal link adaptation algorithm. 

Also in the interference limited and sensitivity limited scenarios with a dual antenna receiver, UBS-11 is used in a very small C/I-region, or not at all. UBS-10 on the other hand gives a significant throughput gain for both TU3iFH and HT100nFH.

UBS-10 is part of the MCS set for family A so it is needed to get a smooth transition within the family. UBS-11 in the only MCS present in the set from family Ap, but if UBS-11 is excluded there will be a jump in MCS throughput of 118.4 kbps (UBS-12) to 88.8 kbps (UBS-10). Also, simulations provided by NSN, see ‎[6], has shown UBS-11 to give a considerable gain to the throughput envelope for a TU50nFH scenario with slightly different simulation assumptions. It is therefore proposed to keep all MCS in the HUGE B family as proposed in ‎[2].
3.3 RED HOT A

For RED HOT A, in an interference limited scenario (Figure 19 - Figure 21), it is seen in the ideal link adaptation for TU3iFH that all MCSs contribute to the envelope throughput. The same statement applies to DAS-5–10 for HT100nFH.

Also in a sensitivity limited scenario, Figure 22 - Figure 24, all MCSs contribute to the envelope curve except for the time dispersive HT channel where only DAS-5–10 is used.

3.4 RED HOT B

The conclusion for HUGE B is also applicable to the RED HOT B results.
4 Conclusions

Both levels of RED HOT and HUGE have been evaluated in terms of radio link throughput using ideal link adaptation without incremental redundancy for channel conditions TU3iFH, TU3nFH and HT100nFH.

From the results presented it was seen that all current MCSs taken as working assumption for RED HOT A and HUGE A are needed to achieve a maximum gain over EGPRS. For RED HOT B and HUGE B it is not as clear to see from the throughput envelopes that all proposed MCS are needed, but taking what family the MCS belong to into account, and also that a smooth throughput transition is needed, all MCSs are proposed to be kept.
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Annex A Simulation results

A.1 MCS naming conventions

There is a new naming convention for RED HOT and HUGE MCSs, which is not used in the plots. Below are tables for MCS naming conversion.

Table 3. Old and new MCS names for HUGE.

	Old names
	New names

	HCS-1-A
	UAS-7

	HCS-2-A
	UAS-8

	HCS-3-A
	UAS-9

	HCS-4-A
	UAS-10

	HCS-5-A
	UAS-11

	HCS-1-B
	UBS-5

	HCS-2-B
	UBS-6

	HCS-3-B
	UBS-7

	HCS-4-B
	UBS-8

	HCS-5-B
	UBS-9

	HCS-6-B
	UBS-10

	HCS-7-B
	UBS-11

	HCS-8-B
	UBS-12


Table 4. Old and new MCS names for RED HOT.

	Old names
	New names

	HTCS-1-A
	DAS-5

	HTCS-2-A
	DAS-6

	HTCS-3-A
	DAS-7

	HTCS-4-A
	DAS-8

	HTCS-5-A
	DAS-9

	HTCS-6-A
	DAS-10

	HTCS-7-A
	DAS-11

	HTCS-8-A
	DAS-12

	HTCS-1-B
	DBS-5

	HTCS-2-B
	DBS-6

	HTCS-3-B
	DBS-7

	HTCS-4-B
	DBS-8

	HTCS-5-B
	DBS-9

	HTCS-6-B
	DBS-10

	HTCS-7-B
	DBS-11

	HTCS-8-B
	DBS-12


A.2 HUGE A 
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Figure 1. HUGE A, TU3iFH.
[image: image2.png]Throughput [kbps]

80

70 a
60 a
—HCS-1-A
50 —HCS-2-A |
—HCS-3-A
—HCS-4-A
40 HCS-5-A .
30 a
20 a
10 a
| |
% 30 40

ci_ [dB]

50




Figure 2. HUGE A, TU3nFH.
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Figure 3. HUGE A, HT100nFH.

A.2.1  Dual antenna receiver

[image: image4.png]Throughput [kbps]

80

70 -
60 -
50 -
40 .
—HCS-1-A
30 —HCS-2-A 8
—-HCS-3-A
20 —-HCS-4-A
~—-HCS-5-A 7
10 -
1 1
% 30 40

ci_ [dB]

50




Figure 4. HUGE A, TU3iFH, IRC.
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Figure 5. HUGE A, TU3nFH, IRC.
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Figure 6. HUGE A, HT100nFH, IRC.
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Figure 7. HUGE A, TU3iFH, MRC (with backoff).
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Figure 8. HUGE A, TU3nFH, MRC (with backoff).
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Figure 9. HUGE A, HT100nFH, MRC (with backoff).
A.3 HUGE B
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Figure 10. HUGE B, TU3iFH.
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Figure 11. HUGE B, TU3nFH.
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Figure 12. HUGE B, HT100nFH.

A.3.1  Dual antenna receiver
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Figure 13. HUGE B, TU3iFH, IRC.
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Figure 14. HUGE B, TU3nFH, IRC.

[image: image15.png]Throughput [kbps]

120

100

0]
o

(0]
o

N
o

CS-1-B
CS-2-B
CS-3-B
CS-4-B
CS-5-B

-HCS-6-B
-HCS-7-B
-HCS-8-B

ci_ [dB]

30





Figure 15. HUGE B, HT100nFH, IRC.
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Figure 16. HUGE B, TU3iFH, MRC (with backoff).

[image: image17.png]Throughput [kbps]

120

100

0]
o

(0]
o

N
o

CS-1-B
CS-2-B
CS-3-B
CS-4-B
CS-5-B

-HCS-6-B
-HCS-7-B
-HCS-8-B

30
E/N, [dB]

40

50




Figure 17. HUGE B, TU3nFH, MRC (with backoff).
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Figure 18. HUGE B, HT100nFH, MRC (with backoff).
A.4 RED HOT A
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Figure 19. RED HOT A, TU3iFH.
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Figure 20. RED HOT A, TU3nFH.

[image: image21.png]Throughput [kbps]

100

20 TCS-1-A |
TCS-2-A
80 TCS-3-A |
TCS-4-A
70 TCS-5-A |
-HTCS-6-A
60 - TCS-?-A i |
HTCS-8-A IS M—
50 ///:;.7‘ - |
//___// L i
40 /7”/ |
30 |
20 |
10 |
0 L i i |

CA_ [dB]




Figure 21. RED HOT A, HT100nFH.
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Figure 22. RED HOT A, TU3iFH (with backoff).
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Figure 23. RED HOT A, TU3nFH (with backoff).
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Figure 24. RED HOT A, HT100nFH (with backoff).

A.5 RED HOT B
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Figure 25. RED HOT B, TU3iFH.
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Figure 26. RED HOT B, TU3nFH.
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Figure 27. RED HOT B, HT100nFH.
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Figure 28. RED HOT B, TU3iFH (with backoff).
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Figure 29. RED HOT B, TU3nFH (with backoff).
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Figure 30. RED HOT B, HT100nFH (with backoff).
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