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Output of offline session on RED HOT and HUGE
1 Introduction
This document is the outcome of the RED HOT/HUGE offline session on February 15th 2007. The outcome is a set of working assumptions and open issues for RED HOT and HUGE, agreed by the offline group.

These working assumptions are intended to be used as a baseline to which alternatives are compared by means of simulations. In cases where more than one option is given in the working assumptions, the different options will be compared and the better alternative chosen.
The offline session was chaired by Stefan Eriksson (Ericsson).
Participating companies were: Ericsson, LG, Marvell, Motorola, Nokia, Nortel, NXP, RIM and Siemens Networks.

2 Working assumptions and open issues

2.1 Physical layer
2.1.1 Modulation
2.1.1.1 Supported modulation orders
· For PACCH, GMSK (CS-1) at legacy symbol rate must be supported by all RED HOT and HUGE TBF modes.

· For PDTCH, the following modulations will be supported:
	RED HOT A
	RED HOT B
	HUGE A
	HUGE B
	HUGE C

	GMSK

8PSK

16QAM

32QAM
	QPSK or 8PSK

16QAM

32QAM
	GMSK

8PSK

16QAM
	QPSK or 8PSK

16QAM
	QPSK or 8PSK

16QAM

32QAM


Table 1. Modulations.

Note: QPSK and 8PSK (both at higher symbol rate) are potential canditates for RED HOT B and HUGE B/C. The purpose is to improve coverage.
2.1.1.2 Constellations
For 16QAM, the square constellation and the bit to symbol mapping shown in Figure 1 will be used.
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Figure 1: 16QAM constellation.

Two alternative cross 32QAM constellations will be compared, shown in Figure 2 and Figure 3 (differing only in the bit to symbol mapping).
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Figure 2: 32QAM constellation, alternative 1.
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Figure 3: 32QAM constellation, alternative 2.
2.1.1.3 Rotation
Constellation rotation will be used with the rotation angles in Table 2.

	Modulation
	Rotation (rad)

	GMSK
	π/2

	QPSK
	3π/4

	8PSK
	3π/8

	16QAM
	π/4

	32QAM
	-π/4


Table 2. Constellation rotation.

2.1.1.4 Detection of modulation

Modulation detection is for further study and will not be used in simulations at the moment.
2.1.1.5 Transmit pulse shaping
For both legacy symbol rate and higher symbol rate, different Tx pulse shapes will be evaluated. The pulse shapes are for further study but should include
· Pulse with bandwidth equal to symbol rate

· Linearised GMSK pulse
· Others
2.1.1.6 Signal compression
Signal compression was not discussed by the offline session but the following questions need answers:
· Should compression be used?
· Should compression be optional or mandatory?

· Should a particular algorithm be standardised? If so, which algorithm?
· How to handle EVM requirements?

2.1.1.7 Other

It was noted that a common definition of peak-to-average ratio (PAR) would be beneficial. However, no definition was discussed or agreed by the group.
2.1.2 Burst format
2.1.2.1 Length of different parts
The burst formats shown in Table 3 will be used as a working assumption. Other options in ‎[4] are for further study.
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Figure 4. Burst format.
	Field
	RED HOT A/ HUGE A
	RED HOT B/ HUGE B+C

	Tail (left)
	3
	4

	Encrypted bits (left)
	58
	69

	Training sequence
	26
	31

	Encrypted bits (right)
	58
	69

	Tail (right)
	3
	4

	Guard
	8.25
	10.5

	Sum
	156.25
	187.5


Table 3. Burst formats.
2.1.2.2 Training sequences
2.1.2.2.1 RED HOT A/HUGE A

· Working assumption: Reuse GMSK training sequences with antipodal signal points with maximum energy.
The working assumption will be used in simulations. Other options in ‎[3]  are for further study.
2.1.2.2.2 RED HOT B/HUGE B+C

This is for further study. It was noted that training sequences are urgently needed to run simulations.
2.1.2.3 Tail bits
Tail bit definitions were felt not critical for the simulation results and left for further study except what is shown in Table 4.
	Modulation
	RED HOT A
	RED HOT B
	HUGE A
	HUGE B
	HUGE C

	GMSK
	As EGPRS
	N/A
	As EGPRS
	N/A
	N/A

	QPSK
	N/A
	
	N/A
	
	

	8PSK
	As EGPRS
	
	As EGPRS
	
	

	16QAM
	
	
	
	
	

	32QAM
	
	
	
	
	


Table 4. Tail bits.
2.1.3 Channel coding
2.1.3.1 RLC/MAC header
Must be encoded separately from the data in order to support IR.

2.1.3.1.1 Error detecting code

Reuse the cyclic redundancy check (CRC) sequence for RLC/MAC headers of EGPRS, i.e., polynomial from ‎[11] giving eight CRC bits.
2.1.3.1.2 Error correcting code

Reuse the same channel coding as for EGPRS, i.e., tail-biting convolutional codes with generator polynomials G4, G7 and G5 ‎[11].
2.1.3.2 RLC data

· When convolutional codes are used, RLC data blocks are encoded separately from each other. (HUGE A/B/C)
· When turbo codes are used, RLC data blocks may be encoded separately or jointly. Both will be considered. (RED HOT A/B and HUGE C)
· In EGPRS, the size of the encoded RLC data blocks in a radio block is the same in uplink and downlink for a given MCS. The advantage with this is to align channel coding of the RLC data in uplink and downlink. For RED HOT/HUGE, this may also be advantageous but considering that different channel coding types (turbo vs convolutional) may be used in uplink and downlink, the benefits are not clear. This is for further study.
2.1.3.2.1 Error detecting code

Reuse the cyclic redundancy check (CRC) sequence for RLC data of EGPRS, i.e., polynomial from ‎[11] giving twelve CRC bits per RLC data block.
2.1.3.2.2 Error correcting code
· Whether turbo codes shall be used for HUGE C is open in ‎[2]. Comparisons are needed with convolutional codes. 
· Turbo codes for RED HOT A+B and possibly HUGE C:

· According to ‎[1], turbo codes shall be used for RED HOT. The turbo encoder (including the internal interleaver) of UTRAN ‎[12] shall be reused.
· Convolutional codes (HUGE A+B and HUGE C):

· Reuse same channel coding as for EGPRS, i.e., convolutional codes with generator polynomials G4, G7 and G5 ‎[11].
2.1.3.2.3 Puncturing/incremental redundancy
· To support incremental redundancy, two or three puncturing patterns need to be defined for each MCS. If the initial code rate is more than 2/3, three puncturing patterns are needed, otherwise 2.
· For turbo codes, the working assumption is to reuse rate matching (puncturing patterns) of ‎[12]. Any other puncturing scheme should be compared to these and chosen only if there is an improvement.
2.1.3.3 Uplink state flag (USF)
· Encode the USF separately from the rest of the RLC/MAC header and data.
· USF encoding and burst mapping should be the same for all MCS:s of a particular modulation and symbol rate (to avoid that its decoding is dependent on the decoding of stealing flags and RLC/MAC header).
· Number of USF bits (after channel encoding) if for further study. Different lengths need to be compared.
2.1.3.4 Stealing bits

· Number of SF bits (after channel encoding) is for further study. Different lengths need to be compared.
2.1.3.5 PAN

PAN should be supported but not included in simulations at this point. The working assumptions of FANR will be followed.
2.2 RLC/MAC
This section deals with RLC/MAC aspects that are important to layer 1. It does not cover the actual protocols or procedures.
2.2.1 RLC data units

· Follow the families of EGPRS (create larger payload sizes by packing more RLC data units per radio block)
.
· The set of payload sizes in Table 5 is taken as a baseline
. Any other payload size should be compared with these and chosen only if there is an improvement. Which subset of this set that will be finally chosen is FFS.
	MCS
	Family
	Payload
[bytes]
	User data rate
[kbps]

	1
	C
	1 x 22
	8.8

	2
	B
	1 x 28
	11.2

	3
	A
	1 x 37
	14.8

	4
	C
	1 x 44
	17.6

	5
	B
	1 x 56
	22.4

	6
	A
	1 x 74
	29.6

	7
	B
	2 x 56
	44.8

	8
	Ap
	2 x 68
	54.4

	9
	A
	2 x 74
	59.2

	10
	B
	3 x 56
	67.2

	11
	Ap
	3 x 68
	81.6

	12
	A
	3 x 74
	88.8

	13
	B
	4 x 56
	89.6

	14
	Ap +  B
	2 x 68 + 2 x 56
	99.2

	15
	Ap
	4 x 68
	108.8

	16
	A
	4 x 74
	118.4


Table 5. Set of candidate payload sizes for RED HOT and HUGE. Ap denotes a family A member which is padded when retransmitted with MCS6 or MCS3.
2.2.2 RLC/MAC header sizes
Preliminary RLC/MAC header sizes (before channel encoding) to be used in simulations are listed in Table 6. The number of BSN and CPS bits need to be increased compared to EGPRS in order to support higher MCSs. The length of the CPS field depends on the number MCS:s using a given header type for a particular modulation/symbol rate, the number of RLC data blocks per radio block and the number of puncturing patterns per MCS. Since these variables are still to be decided, preliminary assessments of CPS length are used in Table 6. Spare bits have been added for future extensions. Other fields are assumed to have the same length as in EGPRS RLC/MAC headers.
	MCS
	Uncoded header size (excluding USF)

(BSN+CPS+other+spare=total)

	
	Downlink
	Uplink

	1-4
	11+4+13+0=28
	11+4+15+1=31

	5-6
	11+3+11+0=25
	11+3+13+10=37

	7-9
	21+5+11+0=37
	21+5+13+7=46

	10-12
	31+6+11+2=50
	31+6+13+8=58

	13-16
	41+8+11+2=62
	41+8+13+8=70


Table 6. RLC/MAC header sizes.
NOTE 1:
Header sizes for 1 to 9 are the same as for EGPRS.
NOTE 2:
The BSN of the first RLC data unit in a radio block is encoded with 11 bits while the other BSNs are encoded with 10 bits each. (If a mixed MCS is used (#14 in Table 5), an extra bit is needed for the BSN field for the header of that MCS).
NOTE 3: The exact length of the CPS field can be calculated as 
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 is the number of MCS:s using the same header type for a given modulation and symbol rate, 
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 is the number of RLC units in the radio block.

2.3 Baseline simulation assumptions
Antenna diversity will be used for uplink.

No antenna diversity will be used for downlink.

Channel profiles : TU3 iFH, TU3noFH

Interference: DTS-2
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� It was discussed that it may be beneficial to use the same payload sizes for RED HOT A, RED HOT B, HUGE A, HUGE B and HUGE C (except that the largest payload sizes cannot be carried by all).


� Size 1 to 9 are the same payload sizes as for EGPRS.
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