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Performance Evaluation of RED HOT A
1 Introduction

In this contribution the performance of RED HOT A is evaluated. The MCS set used is the one proposed in ‎[1].
Differences with previous shown simulation results, ‎[2], are:

· bit-swapper has been used on the header bits
· final set of MCSs evaluated
· new header performance evaluation
2 Modulation and Coding Schemes

In Table 1 the payload sizes and family for each MCS are listed.

Table 1. RED HOT A MCSs
	MCS
	Payload size [bytes]
	Family

	HTCS-1-A
	1x56
	B

	HTCS-2-A
	1x68
	Ap

	HTCS-3-A
	1x82
	D

	HTCS-4-A
	2x56
	B

	HTCS-5-A
	2x68
	Ap

	HTCS-6-A
	2x82
	D

	HTCS-7-A
	3x68
	Ap

	HTCS-8-A
	3x82
	D


NOTE: Family D is a new family with payload size 82 bytes.

2.1 Bitswapping
A bitswapper has been applied after the interleaver to map all header bits on strong bit positions, see ‎Annex A. Also, the stealing flags are always put on strong bit positions.
2.2 Interleaving and Puncturing

The interleaver used is the one proposed in ‎[3]. No simulations have been performed to find the optimum value of a.
The systematic bits have been prioritized before the parity bits in the puncturing. Both the systematic bit stream and the two parity bit streams have been linearly punctured, trying to spread the distance between the chosen bits evenly. The different puncturing schemes, for each MCS, have been designed to have a minimal overlap. This is a preliminary solution. The final puncturing patterns are for further study.
3 Link performance

3.1 Simulation assumptions

In Table 2 the simulator assumptions are shown.
Table 2. Simulator assumptions.
	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference/noise
	Co-channel

	Antenna diversity
	No

	Equalizer
States


16QAM


32QAM
	DFSE

16

32

	Tx pulse shape
	Linearized GMSK pulse

	Incremental Redundancy

     Max # transmissions
	4

	Rx filter

  - Bandwidth
	RRC

   240 kHz

	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.


3.2 Simulation results

Performance for RED HOT A has been evaluated in comparison to the existing set of MCSs for EGPRS. The performance is evaluated in terms of throughput using an ideal link adaptation without incremental redundancy, IR.

Also, the robustness of the designed headers is investigated comparing IR throughput between a normal transmission and one where the decoding of the header is assumed always to be correct. IR is dependent on a correct decoding of the header in order to use the soft information in the radio block.
The lowest MCS for each header type has been simulated: 

i) having no header errors and

ii) taking header errors into account when using incremental redundancy.

3.2.1 RED HOT A throughput
In Figure 1 the throughput of RED HOT A is investigated. Only the new MCSs defined in the table below are included, although MCS1-4 of EGPRS will also be used by a RED HOT A MS.
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Figure 1. HUGE A throughput with ideal LA (only the new MCS of HUGE A investigated).

In Figure 2 the envelope of the ideal LA is shown and compared to EDGE.
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Figure 2. HUGE A throughput with ideal LA compared with EGPRS.

It can be seen that the gain by using RED HOT A starts at C/I > 5 dB reaching a maximum gain in throughput of 63 %.
The BLER performance for each RED HOT A MCS is shown in ‎Annex B.

3.2.2 Header robustness
Since the soft information in a RLC data block can only be utilized if the header of the radio block is decoded correctly, the header performance has been evaluated in terms of data performance with incremental redundancy, IR. 
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Figure 3. IR throughput. The solid lines show performance with ideal header decoding, the dashed ones with real header decoding.
It can be seen in Figure 3 that there is hardly any degradation in throughput even at low C/I. A noticeable loss for Header Type 3 starts at approximately C/I < 13 dB while the loss for Header Type 1 starts at C/I < 9 dB.
NOTE: The header for MCS-1–4 will also be used for RED HOT A.
4 Conclusion
A set of MCSs has been proposed for RED HOT A. MCSs 1-4 have been re-used from legacy EGPRS, and 8 additional MCSs modulated with 16QAM and 32QAM have been used.
A new payload family, called family D was introduced. The payload size of this family is 82 bytes.
The four new header types for RED HOT A were evaluated in terms of throughput loss in an IR scenario. It was seen that the first noticeable loss in throughput for the highest 32QAM header was at C/I<13 dB.
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Annex A Burst mappings

Figure 4. Burst format of 16QAM for RED HOT A. Without bitswapping (top) and with bitswapping (bottom).



Figure 5. Burst format 32QAM for RED HOT A, header type 5. Without bitswapping (top) and with bitswapping (bottom).


Figure 6. Burst format 32QAM for RED HOT A, header type 4. Without bitswapping (top) and with bitswapping (bottom).
Annex B Simulation results
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Figure 7. Data BLER performance of RED HOT A MCSs.
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