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MCS design for RED HOT A
1 Introduction

In this contribution modulation and coding schemes for RED HOT A are proposed. An extensive set is evaluated but is reduced to a set of 12 MCSs, of which 4 are re-used from EGPRS.
A new RLC family is introduced, D, where both a payload size of 82 bytes and 84 bytes has been considered. There is some gain using 84 bytes payload size compared to 82 bytes payload size, but with the drawback that the highest MCS (un-coded 32QAM) will not fully be able to take advantage of the LATRED feature.
Irrespective of the choice between 82 and 84 octets for the new payload size (which is called family D since the MCSs carry a new payload size) it was seen that the MCSs of family A do not give any throughput gains compared to family D, with ideal LA. Thus, family A is removed from the proposed RED HOT A set.

2 Burst and radio block format
For RED HOT A, the legacy EGPRS burst format is reused. This is shown in Figure 1 and Table 1.
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Training sequence  Encrypted bits   Encrypted bits   Tail   Tail  Guard  


Figure 1. Burst format.
	Field
	Symbols

	Tail (left)
	3

	Encrypted bits (left)
	58

	Training sequence
	26

	Encrypted bits (right)
	58

	Tail (right)
	3

	Guard
	8.25

	Sum
	156.25


Table 1. Burst format.
This means that there are 1856 bits available per 16QAM-modulated radio block and 2320 bits per 32QAM modulated radio block.
3 Modulation detection
The RED HOT A MS must be able to discriminate between four modulations (GMSK, 8PSK, 16QAM and 32QAM). For this purpose, it is proposed to use constellation rotation. Any odd multiple of π/4 (i.e., π/4, 3π/4, 5π/4 or 7π/4) will minimize the peak-to-average ratio of both the 16QAM and 32QAM modulated signal.
4 Modulation and coding schemes
4.1 Details of modulation and coding schemes
The evaluated set of modulation and coding schemes is shown in Table 2. New 8PSK, 16QAM and 32QAM modulated MCSs are introduced. In addition to these, legacy EGPRS coding schemes MCS-1 to MCS-4 will be re-used.
NOTE: Only the MCSs highlighted in green and yellow are proposed for the RED HOT A set. For each pair of MCSs highlighted in yellow (D and D’), one should be chosen. The additional MCSs (orange) are shown for evaluation.
4.2 Bit swapping

Bit swapping is used on all MCSs defined for 16QAM and 32QAM, see ‎A.4. The bit swapping is applied to all header bits to place them in strong bit positions.

Table 2. Modulation and coding schemes for RED HOT A.
	
	MCS
	   MTCS-3D’
	   MTCS-3D
	   MTCS-3A
	   MTCS-3Ap
	   MTCS-2D’
	   MTCS-2D
	   MTCS-2A
	   MTCS-2Ap
	   MTCS-2B
	   MTCS-1D’
	   MTCS-1D
	   MTCS-1A
	   MTCS-1Ap
	MTCS-1B

	
	Mod.
	32QAM
	16QAM
	8PSK

	
	Family
	D’
	D
	A
	Ap
	D’
	D
	A
	Ap
	B
	D’
	D
	A
	Ap
	B

	
	Bitrate [kbps/TS]
	100.8
	98.4
	88.8
	81.6
	67.2
	65.6
	59.2
	54.4
	44.8
	33.6
	32.8
	29.6
	27.2
	22.4

	Header
	Type
	Header type 4
	Header type 5
	Header type 1
	 Header type 2

	
	Size uncoded [bits]
	50
	36
	38
	25

	
	CRC [bits]
	8

	
	Size coded [bits]
	152
	132
	136
	100

	
	Code rate
	0.38
	0.33
	0.34
	0.33

	
	Code type
	Tail-biting convolutional code of EGPRS

	
	Interleaving depth [bursts]
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4

	SF
	Size coded [bits]
	8
	8
	8

	USF
	Size coded [bits]
	60
	48
	36

	RLC data block
	# RLC data blocks
	3
	2
	2
	1

	
	Payload [octets]
	3x84
	3x82
	3x74
	3x68
	2x84
	2x82
	2x74
	2x68
	2x56
	1x84
	1x82
	1x74
	1x68
	1x56

	
	Size uncoded (including TI+E) [bits]
	3x674
	3x642
	3x594
	3x546
	2x674
	2x642
	2x594
	2x546
	2x450
	1x674
	1x642
	1x594
	1x546
	1x450

	
	CRC [bits]
	3x12
	2x12
	2x12
	1x12

	
	Tail [bits]
	3x4
	2x4
	2x4
	1x4

	
	Size coded [bits]
	2080
	2120
	1648
	1248

	
	# puncturing patterns
	3
	3
	3
	3
	2
	2
	3
	2
	2
	2
	2
	2
	2
	2

	
	Code rate
	0.99
	0.96
	0.87
	0.80
	0.65
	0.64
	0.73
	0.67
	0.56
	0.55
	0.53
	0.49
	0.45
	0.37

	
	Code type
	Rate matching turbo code according to UTRAN Spec.

	
	Interleaving depth [bursts]
	2
	2
	2
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4


4.2.1 LATRED with RED HOT A
In order for the LATRED feature to work fully with RED HOT A, all MCSs need to be able to piggyback an Ack/Nack message. In Table 2 two different payload sizes have been proposed for the new family D/D’. Only family D will be able to piggyback Ack/Nacks in all MCSs. The highest MCS for family D’, MTCS3D’, is un-coded and thus unable to puncture any additional bits. The highest MCS for family D, MTCS3D, will have 78 bits left for PAN. The PAN will be 24 bits un-coded, and, assuming a CRC of 6 bits the code rate will be 0.38. Since the presence of a PAN is signaled in the header, and the header code rate is 0.38, this is assumed to be robust enough (even though bit-swapping is used for the header).
4.3 Family relations


[image: image2]
Figure 2. Family relations for RED HOT A.

4.3.1 New split transitions
Apart from the split transitions in EGPRS there is one new split transition defined between MTCS-1D/D’ → MCS-2, as can be seen in Figure 2. 
When going from MTCS-1D/D’ → MCS-2, a split (with padding) is needed from 1x82 bytes → 3x28 bytes (NOTE: The split would also work for 84 bytes payload without  padding). This will be indicated in the header field where the split block indicator field needs to be redefined as shown in Table 3.

Table 3. Split block indicator field in header for MCS-1–4 

for RED HOT A (additional definition highlighted in red).

	bits
2 1
	SPB

	0 0
	No retransmission

	0 1
	Reserved Retransmission - third part of block

	1 0
	Retransmission - first part of block

	1 1
	Retransmission - second part of block

	NOTE:
The bit numbering is relative to the field position.


It should be noted that a split into two blocks is also possible by using MCS-4 but since MCS-4 has approximately 8 dB worse link performance than MCS-2, see ‎A.2.1 , it is believed that using MCS-2 will improve performance.
5 RLC/MAC headers

In this section the RLC/MAC headers for RED HOT A are shown. One header type is used for GMSK, 8PSK and 16QAM modulated MCSs, while 2 header types are used for 32QAM modulated MCSs. 
For RED HOT A MCSs using the LATRED feature the RRBP field will be reduced to 1 bit and a new field, PANI field will be used. This field is used by MSs supporting the Reduced Latency feature to indicate the presence of a piggy-backed ACK/NACK report. MS not supporting this feature will not use the bit.
5.1 Header type 3 (GMSK)
The legacy header for GMSK for MCS-1–4 is re-used with the difference that the split block field is updated, see ‎4.3.1.
5.2 Header type 2 (8PSK)
The header for 8PSK is very similar to header type 2 used today for MCS-5 and MCS-6. The difference is that the CPS field has been redefined.

The header is used for MTCS-1B, MTCS-1Ap, MTCS-1D/D’.
5.2.1 Formatting

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	
	
	
	
	CPS
	BSN1
	4


5.2.2 CPS field

For a TBF in RED HOT A mode, the CPS field is encoded as follows:

	bits
321
	CPS

	000
	MTCS-1Ap/P1 

	001
	MTCS-1Ap/P2

	010
	MTCS-1B/P1 

	011
	MTCS-1B/P2

	100
	MTCS-1D/D’/P1 

	101
	MTCS-1D/D’/P2

	
	All the other values are reserved for future use

	NOTE:
The bit numbering is relative to the field position.


5.3 Header type 1 (16QAM)
Header type 1 is a new header type and is used for MTCS-2Ap, MTCS-2B.

5.3.1 Formatting

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	BSN2
	BSN1
	4

	Spare
	CPS
	BSN2
	5

	
	
	
	
	
	
	
	Spare
	6


NOTE: 3 spare bits have been used in the header, which could be reduced to two. Alternatively one more puncturing scheme could be used for MTCS-2Ap, if needed, which would increase the CPS field with one bit, leaving 2 spare bits.
5.3.2 CPS field

	bits
321
	CPS

	000
	MTCS-2Ap/P1 :  MTCS-2Ap/P1

	001
	MTCS-2Ap/P1 :  MTCS-2Ap/P2

	010
	MTCS-2Ap/P2 :  MTCS-2Ap/P1

	011
	MTCS-2Ap/P2 :  MTCS-2Ap/P2

	100
	MTCS-2B/P1 :  MTCS-2B/P1

	101
	MTCS-2B/P1 :  MTCS-2B/P2

	110
	MTCS-2B/P2 :  MTCS-2B/P1

	111
	MTCS-2B/P2 :  MTCS-2B/P2

	NOTE:
The bit numbering is relative to the field position.


5.4 Header type 5 (32QAM)
Header type 5 is a new header type and is used for MTCS-2D/D’.
5.4.1 Formatting

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	BSN2
	BSN1
	4

	
	Spare
	CPS
	BSN2
	5


5.4.2 CPS field

	bits
21
	CPS

	00
	MTCS-2D/D’/P1 :  MTCS-2D/D’/P1

	01
	MTCS-2D/D’/P1 :  MTCS-2D/D’/P2

	10
	MTCS-2D/D’/P2 :  MTCS-2D/D’/P1

	11
	MTCS-2D/D’/P2 :  MTCS-2D/D’/P2

	NOTE:
The bit numbering is relative to the field position.


5.5 Header type 4 (32QAM)
Header type 4 is a new header type and is used for MTCS-3Ap and MTCS-3D/D’.

5.5.1 Formatting

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	BSN2
	BSN1
	4

	BSN3
	BSN2
	5

	CPS
	BSN3
	6

	
	Spare
	CPS
	7


5.5.2 CPS field

	bits
654321
	CPS

	000000
	MTCS3Ap/P1 : MTCS3Ap/P1 : MTCS3Ap/P1

	000001
	MTCS3Ap/P2 : MTCS3Ap/P1 : MTCS3Ap/P1

	000010
	MTCS3Ap/P3 : MTCS3Ap/P1 : MTCS3Ap/P1

	000011
	MTCS3Ap/P1 : MTCS3Ap/P2 : MTCS3Ap/P1

	000100
	MTCS3Ap/P2 : MTCS3Ap/P2 : MTCS3Ap/P1

	000101
	MTCS3Ap/P3 : MTCS3Ap/P2 : MTCS3Ap/P1

	000110
	MTCS3Ap/P1 : MTCS3Ap/P3 : MTCS3Ap/P1

	000111
	MTCS3Ap/P2 : MTCS3Ap/P3 : MTCS3Ap/P1

	001000
	MTCS3Ap/P3 : MTCS3Ap/P3 : MTCS3Ap/P1

	001001
	MTCS3Ap/P1 : MTCS3Ap/P1 : MTCS3Ap/P2

	001010
	MTCS3Ap/P2 : MTCS3Ap/P1 : MTCS3Ap/P2

	001011
	MTCS3Ap/P3 : MTCS3Ap/P1 : MTCS3Ap/P2

	001100
	MTCS3Ap/P1 : MTCS3Ap/P2 : MTCS3Ap/P2

	001101
	MTCS3Ap/P2 : MTCS3Ap/P2 : MTCS3Ap/P2

	001110
	MTCS3Ap/P3 : MTCS3Ap/P2 : MTCS3Ap/P2

	001111
	MTCS3Ap/P1 : MTCS3Ap/P3 : MTCS3Ap/P2

	010000
	MTCS3Ap/P2 : MTCS3Ap/P3 : MTCS3Ap/P2

	010001
	MTCS3Ap/P3 : MTCS3Ap/P3 : MTCS3Ap/P2

	010010
	MTCS3Ap/P1 : MTCS3Ap/P1 : MTCS3Ap/P3

	010011
	MTCS3Ap/P2 : MTCS3Ap/P1 : MTCS3Ap/P3

	010100
	MTCS3Ap/P3 : MTCS3Ap/P1 : MTCS3Ap/P3

	010101
	MTCS3Ap/P1 : MTCS3Ap/P2 : MTCS3Ap/P3

	010110
	MTCS3Ap/P2 : MTCS3Ap/P2 : MTCS3Ap/P3

	010111
	MTCS3Ap/P3 : MTCS3Ap/P2 : MTCS3Ap/P3

	011000
	MTCS3Ap/P1 : MTCS3Ap/P3 : MTCS3Ap/P3

	011001
	MTCS3Ap/P2 : MTCS3Ap/P3 : MTCS3Ap/P3

	011010
	MTCS3Ap/P3 : MTCS3Ap/P3 : MTCS3Ap/P3

	011011
	MTCS-3D/D’/P1 : MTCS-3D/D’/P1 : MTCS-3D/D’/P1

	011100
	MTCS-3D/D’/P2 : MTCS-3D/D’/P1 : MTCS-3D/D’/P1

	011101
	MTCS-3D/D’/P3 : MTCS-3D/D’/P1 : MTCS-3D/D’/P1

	011110
	MTCS-3D/D’/P1 : MTCS-3D/D’/P2 : MTCS-3D/D’/P1

	011111
	MTCS-3D/D’/P2 : MTCS-3D/D’/P2 : MTCS-3D/D’/P1

	100000
	MTCS-3D/D’/P3 : MTCS-3D/D’/P2 : MTCS-3D/D’/P1

	100001
	MTCS-3D/D’/P1 : MTCS-3D/D’/P3 : MTCS-3D/D’/P1

	100010
	MTCS-3D/D’/P2 : MTCS-3D/D’/P3 : MTCS-3D/D’/P1

	100011
	MTCS-3D/D’/P3 : MTCS-3D/D’/P3 : MTCS-3D/D’/P1

	100100
	MTCS-3D/D’/P1 : MTCS-3D/D’/P1 : MTCS-3D/D’/P2

	100101
	MTCS-3D/D’/P2 : MTCS-3D/D’/P1 : MTCS-3D/D’/P2

	100110
	MTCS-3D/D’/P3 : MTCS-3D/D’/P1 : MTCS-3D/D’/P2

	100111
	MTCS-3D/D’/P1 : MTCS-3D/D’/P2 : MTCS-3D/D’/P2

	101000
	MTCS-3D/D’/P2 : MTCS-3D/D’/P2 : MTCS-3D/D’/P2

	101001
	MTCS-3D/D’/P3 : MTCS-3D/D’/P2 : MTCS-3D/D’/P2

	101010
	MTCS-3D/D’/P1 : MTCS-3D/D’/P3 : MTCS-3D/D’/P2

	101011
	MTCS-3D/D’/P2 : MTCS-3D/D’/P3 : MTCS-3D/D’/P2

	101100
	MTCS-3D/D’/P3 : MTCS-3D/D’/P3 : MTCS-3D/D’/P2

	101101
	MTCS-3D/D’/P1 : MTCS-3D/D’/P1 : MTCS-3D/D’/P3

	101110
	MTCS-3D/D’/P2 : MTCS-3D/D’/P1 : MTCS-3D/D’/P3

	101111
	MTCS-3D/D’/P3 : MTCS-3D/D’/P1 : MTCS-3D/D’/P3

	110000
	MTCS-3D/D’/P1 : MTCS-3D/D’/P2 : MTCS-3D/D’/P3

	110001
	MTCS-3D/D’/P2 : MTCS-3D/D’/P2 : MTCS-3D/D’/P3

	110010
	MTCS-3D/D’/P3 : MTCS-3D/D’/P2 : MTCS-3D/D’/P3

	110011
	MTCS-3D/D’/P1 : MTCS-3D/D’/P3 : MTCS-3D/D’/P3

	110100
	MTCS-3D/D’/P2 : MTCS-3D/D’/P3 : MTCS-3D/D’/P3

	110101
	MTCS-3D/D’/P3 : MTCS-3D/D’/P3 : MTCS-3D/D’/P3

	
	All the other values are reserved for future use

	NOTE:
The bit numbering is relative to the field position.


6 Link performance

6.1 Simulation assumptions

In Table 4 the simulator assumptions are shown.
Table 4. 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

	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
	14000 radio block per simulation point.

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


6.2 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.
6.2.1 Link throughput

NOTE: In the following simulation results similar, but not identical, header and data sizes have been used as proposed in the document. Also, no bit swapping has been applied to the header bits. A more detailed description of the MCSs used in the simulations can be found in ‎[1]. However, the difference in performance is not expected to change the conclusions drawn in the document.
6.2.1.1 Payload size of family C
The ideal LA performance has been evaluated with both a payload size of 84 bytes and 80 bytes for the new family D, see Table 2 (NOTE: the considered payload sizes in this document is 84 and 82 bytes respectively). It can be seen that there is a gain in throughput by using 84 bytes payload, especially at high C/I where the highest MCS with 32QAM will be un-coded. However, there is a drawback by having another un-coded MCS (in addition to legacy MCS4) since there is no room to piggyback any Ack/Nack reports on the payload. 
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Figure 3. Ideal Link Adaptation for EDGE and proposed set of MCSs for RED HOT A. Family D uses a payload size of either 80 or 84 bytes.
In ‎A.1 the throughput for each MCS is shown, without an envelope curve. In these figures it can be seen that there are three MCSs not used in the link adaptation, irrespective of the payload size of family D. Those MCSs are: MCS-1A, MCS-2A and MCS-3A, all part of family A. It is therefore suggested to remove family A MCSs from RED HOT A.
6.2.1.2 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. 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.
EGPRS performance is shown as reference.

[image: image4.png]Throughput [kbps]

45

40

35

30

N
a

N
o

=
a

N
o

—MCS7
---MCS7, no header errors
—MCS5
---MCS5, no header errors
—MCS1
---MCS1, no header errors

0 5 10 15

cn [dB]

20 25





Figure 4. IR throughput for the lowest MCS of each EGPRS header type.
For EGPRS it can be seen that there is a small performance loss at C/I < 10 dB for the less robust 8PSK header. The IR performance for MCS1 is affected close to the peak rate of the MCS since the header is close in performance to the data, see ‎A.2.1 .
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Figure 5. IR throughput for the lowest MCS of each RED HOT A header type.
NOTE: The following simulation results do not exactly correspond to the proposed set in Table 2. The major difference is that the two headers for 32QAM are more robustly coded and use bit-swapping in the current proposal.
For RED HOT A it can be seen that the header for 8PSK (MTC-1B, MTCS-1Ap and MTCS-1D) performs similar to the one for MCS5 and MCS6 for EGPRS. 
The header for 16QAM (MTCS-2B, MTCS-2Ap) will have a larger impact on performance than the corresponding header for MCS7/8/9 for EGPRS. The difference in performance is however seen not to have significant impact on the overall performance since the difference occurs at C/I < 10 dB.

There are two header types for 32QAM, one for MTCS-2D, and one for MTCS-3Ap and MTCS-3D. In the simulations both headers are equally robust (code rate = 0.37), but since MTCS-2D will be working at a lower C/I the currently proposed header, see Table 2, are more robustly coded and bit-swapping is used on the header bits. Thus, the header performance is expected to be improved.
NOTE: Header type 3 and MCS1-4 for EGPRS will be re-used by RED HOT A.

NOTE: For both 16QAM and 32QAM more robust SF coding than needed has been used in the simulations.

7 Conclusion
A set of MCSs has been proposed for RED HOT A. Link simulations have been used to limit the set of MCSs to 12. MCS1-4 have been re-used from legacy EGPRS, and additional MCSs modulated with 16QAM and 32QAM have been used.

A new payload family, called family D since it uses a new payload size, was introduced, replacing the currently used family A. Two different payload sizes for family D were proposed: 82 bytes and 84 bytes. Using 84 bytes will enable the highest peak throughput with an MCS using un-coded 32QAM. However, it will not be able to fully use the functionality of the LATRED feature with the highest MCS since no Ack/Nack can be piggybacked on the payload data. The payload size to use for RED HOT A is for further discussion.

A complete set of headers were in detail described. The header performance was evaluated using incremental redundancy.
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Annex A Simulation results
A.1 Throughput
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Figure 6. Throughput of each MCS in EGPRS.
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Figure 7. Throughput of each MCS in RED HOT A with payload size 84 bytes of family C.

A.2 Header and data performance

A.2.1  EGPRS
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Figure 9. Data and header performance for GMSK modulated MCSs for EGPRS and RED HOT A.
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Figure 10. Data and header performance for 8PSK modulated MCSs for EGPRS.
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Figure 11. Data and header performance for 8PSK modulated MCSs for EGPRS.
A.2.2  RED HOT A
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Figure 12. Data and header performance for 8PSK modulated MCSs for RED HOT A.
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Figure 13. Data performance for 16QAM modulated MCSs for RED HOT A.
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Figure 14. Data and header performance for 32QAM modulated MCSs for RED HOT A.
A.3 Burst format

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



Figure 17. Burst format 32QAM for RED HOT A, header type 5. Without bitswapping (top) and with bitswapping (bottom).

Figure 18. Burst format 32QAM for RED HOT A, header type 4. Without bitswapping (top) and with bitswapping (bottom).
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