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MCS design for HUGE
1 Introduction

In this contribution a set of modulation and coding schemes for HUGE A is proposed.
The contribution is an update to a draft paper presented at the 5th telephone conference on RED HOT/HUGE. Comments given at the conference have been addressed. In addition, simulation results are provided.
2 Burst and radio block format
For HUGE 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 “useful” bits available per 16QAM-modulated radio block.
3 Modulation detection
The HUGE A BTS must be able to discriminate between three modulations (GMSK, 8PSK and 16QAM). 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 minimise the peak-to-average ratio of the 16QAM-modulated signal.
4 Modulation and coding schemes
4.1 Details of modulation and coding schemes
A proposed set of modulation and coding schemes is shown in 
Table 2
. Six new 16QAM-modulated MCSs are evaluated. In addition to these, legacy EGPRS coding schemes MCS-1 to MCS-6 will be used by the HUGE A MS.
	
	MCS
	
	
	
	
	
	

	
	Modulation
	16QAM

	
	Family
	B
	Ap
	A
	B
	App
	Ap

	
	Bitrate [kbps/TS]
	44.8
	54.4
	59.2
	67.2
	78.0
	81.6

	Header
	Type
	1bis
	4

	
	Size uncoded [bits]
	41
	52

	
	CRC [bits]
	8

	
	Size coded [bits]
	136
	168

	
	Code rate
	0.36
	0.36

	
	Code type
	Tail-biting convolutional code of EGPRS

	
	Interleaving depth [bursts]
	4

	Stealing bits
	Size coded [bits]
	8

	RLC data blocks
	# RLC data blocks
	2
	2
	2
	3
	3
	3

	
	Payload [octets]
	2x56
	2x68
	2x74
	3x56
	3x64
	3x68

	
	Size uncoded (including TI+E) [bits]
	2x450
	2x546
	2x594
	3x450
	3x514
	3x546

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

	
	Tail [bits]
	2x6
	2x6
	3x6
	3x6
	3x6
	3x6

	
	Size coded (with/without PAN) [bits]
	1632/1712
	1632/1712
	1632/1712
	1620/1680
	1620/1680
	1620/1680

	
	# puncturing patterns
	2
	2
	2
	3
	3
	3

	
	Code rate (with/without PAN)
	0.57/0.55
	0.69/0.66
	0.75/0.71
	0.88/0.84
	1.00/0.96
	-/1.00

	
	Code type
	Convolutional code of EGPRS

	
	Interleaving depth [bursts]
	4
	4
	4
	4
	1⅓
	1⅓

	PAN
	Size uncoded [bits]
	24
	24
	24
	24
	24
	-

	
	Size coded [bits]
	80
	80
	80
	80
	80
	-

	
	Code rate
	0.38
	0.38
	0.38
	0.38
	0.38
	-


Table 2. Modulation and coding schemes for HUGE A.

4.2 MCS-11-16QAM

For the highest MCS, two alternatives are evaluated. MCS-11A-16QAM has a peak rate of 78 kbps and allows inclusion of a PAN, while MCS-11B-16QAM has a peak rate of 81.6 kbps but does not allow inclusion of a PAN (since the data is uncoded and cannot be further punctured).
4.3 Other differences compared to the 5th telephone conference 

Due to comments given at the the 5th telephone conference, there are some differences compared to the draft proposal:

· It was previously proposed to use only two puncturing patterns for MCS-9-16QAM. Here, three puncturing patterns are assumed. This requires a CPS field of 5 bits.
· There are now two spare bits in the header instead of one.

· The header robustness has been increased by a reduced code rate and by bit swapping (see section ‎4.4).
4.4 Bit swapping

Bit swapping is used on all MCSs defined for 16QAM. The bit swapping is applied to all header bits to place them in strong bit positions.
4.5 Family relations
Figure 2 shows the MCS families of HUGE A and their internal relations. The legacy families A (74 octet payload size), Ap (68 octets; p=padding), B (56 octets) and C (44 octets) are reused. MCS-11A-16QAM has a payload size of 64 octets. Its family is called “App” since it is a further padded version of family Ap. 
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Figure 2. Family relations for HUGE A.
5 RLC/MAC headers
In this section the RLC/MAC headers for HUGE A are shown. Two header types are used for the 16QAM-modulated MCSs: type 1bis and type 4.
A new field, PANI, has been included in the headers. This field is used by MS 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 1bis (uplink)
Type 1bis is similar to the legacy header type 1. The differences are:

· The code points of the CPS field have been redefined
· Some spare bits removed
· PAN indicator field included (for fast ACK/NACK reporting)
· RSB field removed
Header type 1bis is used for MCS-7-16QAM, MCS-8-16QAM and MCS-9-16QAM.

5.1.1 Formatting
	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	BSN2
	BSN1
	3

	BSN2
	4

	Spare
	PANI
	PI
	CPS
	5

	
	Spare
	6


Figure 3. Uplink RLC data block header for MCS-7-16QAM, MCS-8-16QAM and MCS-9-16QAM.

5.1.2 CPS field

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

	bits
54321
	CPS

	00000
	(MCS-9-16QAM/P1 ; MCS-9-16QAM/P1)

	00001
	(MCS-9-16QAM/P1 ; MCS-9-16QAM/P2)

	00010
	(MCS-9-16QAM/P1 ; MCS-9-16QAM/P3)

	00011
	(MCS-9-16QAM/P2 ; MCS-9-16QAM/P1)

	00100
	(MCS-9-16QAM/P2 ; MCS-9-16QAM/P2)

	00101
	(MCS-9-16QAM/P2 ; MCS-9-16QAM/P3)

	00110
	(MCS-9-16QAM/P3 ; MCS-9-16QAM/P1)

	00111
	(MCS-9-16QAM/P3 ; MCS-9-16QAM/P2)

	01000
	(MCS-9-16QAM/P3 ; MCS-9-16QAM/P3)

	01001
	(MCS-8-16QAM/P1 ; MCS-8-16QAM/P1)

	01010
	(MCS-8-16QAM/P1 ; MCS-8-16QAM/P2)

	01011
	(MCS-8-16QAM/P2 ; MCS-8-16QAM/P1)

	01100
	(MCS-8-16QAM/P2 ; MCS-8-16QAM/P2)

	01101
	(MCS-7-16QAM/P1 ; MCS-7-16QAM/P1)

	01110
	(MCS-7-16QAM/P1 ; MCS-7-16QAM/P2)

	01111
	(MCS-7-16QAM/P2 ; MCS-7-16QAM/P1)

	10000
	(MCS-7-16QAM/P2 ; MCS-7-16QAM/P2)

	
	All the other values are reserved for future use

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


Table 3. CPS field for header type 1bis.
5.2 Header type 4 for uplink
Type 4 is a new header type. Header type 4 is used for MCS-10-16QAM and MCS-11(A/B)-16QAM.

5.2.1 Formatting
	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	BSN2
	BSN1
	3

	BSN2
	4

	BSN3
	5

	CPS
	BSN3
	6

	
	
	
	
	Spare
	PANI
	PI
	7


Figure 4. Uplink RLC data block header for MCS-10-16QAM and MCS-11-16QAM.

5.2.2 CPS field
The MSB bit of the CPS field (bit 6) is used to encode the MCS as shown in Table 4. The remaining five bits (bits 5 to 1) are used to encode the puncturing pattern of each RLC data block, as shown in Table 5.
	bit
6
	CPS

	0
	MCS-10-16QAM

	1
	MCS-11(A/B)-16QAM

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


Table 4. Bit 6 of CPS field for header type 4.

	bits
54321
	CPS

	00000
	(P1 ; P1 ; P1)

	00001
	(P1 ; P1 ; P2)

	00010
	(P1 ; P1 ; P3)

	00100
	(P1 ; P2 ; P1)

	00101
	(P1 ; P2 ; P2)

	00110
	(P1 ; P2 ; P3)

	01000
	(P1 ; P3 ; P1)

	01001
	(P1 ; P3 ; P2)

	01010
	(P1 ; P3 ; P3)

	01011
	(P2 ; P1 ; P1)

	01100
	(P2 ; P1 ; P2)

	01101
	(P2 ; P1 ; P3)

	01110
	(P2 ; P2 ; P1)

	01111
	(P2 ; P2 ; P2)

	10000
	(P2 ; P2 ; P3)

	10001
	(P2 ; P3 ; P1)

	10010
	(P2 ; P3 ; P2)

	10011
	(P2 ; P3 ; P3)

	10100
	(P3 ; P1 ; P1)

	10101
	(P3 ; P1 ; P2)

	10110
	(P3 ; P1 ; P3)

	10111
	(P3 ; P2 ; P1)

	11000
	(P3 ; P2 ; P2)

	11001
	(P3 ; P2 ; P3)

	11010
	(P3 ; P3 ; P1)

	11011
	(P3 ; P3 ; P2)

	11100
	(P3 ; P3 ; P3)

	
	All the other values are reserved for future use

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


Table 5. Bits 5 to 1 of CPS field for header type 4.
6 Performance

In this section, the throughput performance of the proposed MCS set is evaluated and compared to EGPRS UL. Further, the balance between data coding, header coding stealing bit coding is investigated. Additional simulation results can be found in ‎Annex A.
6.1 Simulation assumptions

The simulation assumptions are listed in Table 6.
	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference
	Single co-channel

	Antenna diversity
	No diversity

	Tx pulse shape
	Linearised GMSK

	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
	5000 radio blocks per simulation point


Table 6. Simulation assumptions.
6.2 Link throughput of HUGE A
The link throughput (with ideal link adaptation) of HUGE A is compared to EGPRS in Figure 5. The black curve shows EGPRS throughput per timeslot. For HUGE A, two alternatives are shown (red and green curves). Both use MCS-7-16QAM to MCS-10-16QAM, plus either MCS-11A-16QAM (red) or MCS-11B-16QAM (green). It can be seen that MCS-11B-16QAM gives better throughput, but with the drawback that a PAN cannot be inserted for the highest MCS.
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Figure 5. Throughput of EGPRS and HUGE A.

6.3 Header/data balance

The balance between header performance and data performance is important. The header must be more robust than the data; otherwise, incremental redundancy will not work well.
Figure 6 shows a comparison between header and data BLER for EGPRS MCS-5 to MCS-9. Header type 1 is used for MCS-7 to MCS-9 while header type 2 is used for MCS-5 and MCS-6. 
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Figure 6. Block error rate versus C/I for EGPRS MCS-5 to MCS-9 uplink.

Figure 7 shows a comparison between header and data BLER for HUGE A MCS-7-16QAM to MCS-11-16QAM. Header type 1bis is used for MCS-7-16QAM to MCS-9-16QAM while header type 4 is used for MCS-10-16QAM and MCS-11(A/B)-16QAM. The headers seem to be sufficiently robust.
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Figure 7. Block error rate versus C/I for HUGE A.

6.4 Stealing bit/header balance
The purpose of the stealing bits is to discriminate between the two different header types for 16QAM. The stealing bits must be more robust than the header to avoid that stealing bit errors prohibit decoding of a header that would otherwise have been successfully decoded. The stealing bit performance for all levels of RED HOT and HUGE is evaluated in a separate contribution ‎[1]. Below the stealing bit performance of HUGE A (with the proposed MCS set given in this document) is shown.
Figure 8 shows that the decoding error rate of the stealing bits is significantly lower than the header BLER.
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Figure 8. Stealing bit performance and header performance for HUGE A.
7 Discussion

According to the results in ‎6, the proposed set of HUGE A MCSs gives a good performance improvement. The header and stealing bits seem to have sufficient robustness.
One open issue is the choice of peak bit rate. It is advantageous if the highest MCS is designed to allow for PAN insertion (MCS-11A-16QAM). On the other hand, if the highest MCS is uncoded (MCS-11B-16QAM), the peak rate will be ~5% higher and the average throughput better. If PAN is not used (e.g., if the MS and/or the network do not support FANR (fast ack/nack reporting)), these 5% are wasted.
A possible solution is to specify both. MCS-11A-16QAM would be used for TBFs that use FANR and MCS-11B-16QAM would be used otherwise. Other MCSs within the same family (MCS-8-16QAM, MCS-6, MCS-3) need not be duplicated, only MCS-11. Instead, padding is used if an MCS-11A-16QAM block is to be retransmitted with MCS-8-16QAM, MCS-6 or MCS-3. A similar solution is used in EGPRS, where MCS-8 blocks can be padded and retransmitted with MCS-6 or MCS-3. The cost is mainly puncturing patterns for the data (the rest of the channel coding is identical for the two versions of MCS-11-16QAM).
8 Conclusion
A set of modulation and coding schemes for HUGE A has been presented. With this set, the peak rate of HUGE A will be either 78.0 kbps or 81.6 kbps per timeslot, depending on whether the highest MCS is designed to allow PAN insertion or not. It is suggested to allow both options by specifying two versions of the highest MCS
.
Details of the RLC/MAC headers needed for HUGE A have been given. One new header type for radio blocks carrying three RLC data blocks is used. In addition, a slightly modified version of current header type 1 is used.
Performance results have been presented that show good performance gains and a good balance of stealing bit robustness, header robustness and data robustness.
It is proposed that this set of MCSs be taken as a working assumption for HUGE A.
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Annex A Detailed performance results
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Figure 9. Throughput of MCS-5 to MCS-9 of EGPRS uplink.
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Figure 10. Throughput of MCS-7-16QAM to MCS-11-16QAM of HUGE A.
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Figure 11. Throughput comparison of MCS-7 to MCS-9 with 8PSK and 16QAM.
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� An MS supporting the LATRED feature would have to support both versions of MCS-11. An MS not supporting LATRED would support only MCS-11B.
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